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PRIMARY SELECTION OF THE PREBIOTIC COMPONENTS IN THE COMPLEX 
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PROBIOTIC 

 

 

А. Soloviova, О. Kaliuzhnaia, L. Strelnikov   
 

 

Мета. Вибір оптимальних пребіотичних компонентів для бактерій роду Lactobacillus з метою їх суміс-

ного використання у складі м’якого комплексного дерматологічного лікувально-профілактичного засобу 

з пробіотиком. 

Методи. Сумісне культивування пробіотичного штаму у рідкому живильному середовищі МРС із пев-

ним активним інгредієнтом у обраних концентраціях. Протягом циклу культивування через певні про-

міжки часу відбирали зразки зростаючої культури для визначення концентрації бактерій методом пря-

мого посіву і визначення кислотності.  

Результати. Протягом 48 год сумісного культивування лактобактерій із обраними компонентами спо-

стерігається суттєве збільшення життєздатних клітин, як в контролі, так і при додаванні вітамінів у 

обраних концентраціях (експоненціальна фаза росту бактерій), з 48 год до 60 год - зниження швидкості 

збільшення клітин як в контролі, так і в дослідах, кількість клітин залишається майже на постійному 

рівні (стаціонарна фаза росту бактерій), після 60 год - зменшення кількості клітин (фаза відмирання). 

Протягом культивування відмічається закислення живильного середовища в результаті утворення з ву-

глеводів молочної кислоти та інших кінцевих метаболітів; тобто додання компонентів дещо підвищує 

біохімічний потенціал мікроорганізмів, про це свідчить нарощування біомаси та кислотного потенціалу. 

Незважаючи на відсутність суттєвої різниці між однією серією дослідів із різним вмістом вітамінів, 

найбільший приріст кількості життєздатних клітин спостерігалось при вирощуванні із вітаміном В5 

(серед обраних концентрацій при додаванні 1 %) та провітаміном В5 (при концентрації 2,5 %). 

Висновки. Обрані пребіотичні компоненти оптимальні для використання разом із лактобактеріями у 

складі однієї лікарської форми, що розроблюється. Незважаючи на виражений синергізм дії для серій 

дослідів із вітаміном В5 та Д-пантенолом, всі інші компоненти є також перспективними через відсут-

ність негативного впливу на лактобактерії та низку позитивних ефектів на шкіру людини 

Ключові слова: лактобактерії, пробіотики, пребіотики, мікробіом шкіри, дерматологічні захворювання, 

лікувально-профілактичний засіб  
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1. Introduction 

Skin has great importance in the life of the body, 

performs a number of vital functions, the main of them – 

protective, which are carried out due to its biological 

properties. Protective functions due to the integrity of the 

skin, dense stratum corneum, exfoliation, acidic skin 

reaction, water-lipid membrane with pH - 4,5-5,5 (pro-

tection against microorganisms), the presence and struc-

ture of the stratum corneum of the epidermis, subcutane-

ous – fatty cell protection) and the glossy layer of the 

epidermis (protection against chemicals), etc. [1]. How-

ever, since the completion of Phase 1 of the Human Mi-

crobiome Project, it has become clear that each of us is a 

complex "mixture" of microorganisms and human cells 

[2]. In the skin, there are not only intercellular interac-

tions, but also complex cooperations between cells and 

microorganisms that are on its surface, so the skin can be 

considered as a complex and multifunctional organ [3].  

Many studies in microbiology, dermatology, and 

genetic studies have made it possible to describe in detail 

the composition of the skin microbiome. In 2009, 

E. Grice and co-authors in the skin microbiome of a 

healthy adult identified 19 major groups of microorgan-

isms with prevalent Actinobacteria (52 %), Firmicutes 

(24 %), Proteobacteria (17 %) and Bacteroidetes (7 %) 

[4]. Microorganisms such as Staphylococcus, Propioni-

bacterium and Corynebacterium are most commonly 

detected, a lesser extent are present Micrococcus, Strep-

tococcus, Brevibacterium, Acinetobacterium and Pseu-

domonas [5, 6]. The composition of the microbiome 

depends on the sex and age, features of climate and geo-

graphical location, nutrition, profession, lifestyle and, 

even, features of personal hygiene [7]. 

In addition, in 2013, R. Gallo, using modern met-

agenomic analysis techniques, not only confirmed the 

presence of certain groups of microorganisms on the skin 

surface, but also in the stratum of epidermis, under the 

basement membrane, and down to the fat stratum under 

the dermis [8]. 

Skin microflora plays an important role in main-

taining homeostasis and local immunity, protecting 

against pathogenic bacteria, and developing an adaptive 
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immune response. Disorders of the skin microbiome lead 

to the development of various dermatoses. Thus, infor-

mation on the topographic diversity of the microbiome 

composition of different skin areas in normal and in 

pathology is used to determine the pathogenesis of acne, 

seborrheic dermatitis, rosacea (in the field of sebaceous 

glands), psoriasis (areas of dry skin), atopic dermatitis 

(skin areas with high humidity) [3]. In addition, many 

scientists have shown the dependence of the skin micro-

biome on the microenvironmental situation in other bio-

topes, especially in the intestinal [1].  

In modern dermatology, skin diseases are defined 

not only as pathological processes in the skin, but more 

often as changes that occur in the internal organs, nerv-

ous system, metabolism, homeostasis, etc., which affect 

the skin [1]. In this regard, skin diseases should be pre-

scribed with general treatment aimed at eliminating or 

correcting the etiopathogenetic factors of the disease, 

taking into account the need to restore or maintain the 

skin microbiome. 

Non-specific active stimulating and adaptive 

stimulating immunotherapy agents are widely prescribed 

for the treatment of dermatoses [1]. And because of the 

clear relations between the microorganisms and the fac-

tors that cause the innate and adaptive immune response 

in the skin in normal and pathology, the use of probiotic 

bacteria, even which are not necessarily representatives 

of the skin microbiome, such as lactobacilli, which 

actively stimulate immunity, even with short-term con-

tact with cells of the macroorganism, is promising in 

the treatment of dermatological diseases. Despite the 

fact that lactobacilli do not live on the skin, they cope 

well with "repair and restoration work" on the hydro-

lipid layer of the skin. Therefore, Lactobacillus planta-

rum probiotic applications in acne patients have re-

duced the number of inflammatory and non-

inflammatory elements [9].  

In the treatment of patients with infectious derma-

toses used antibiotics (penicillins, cephalosporins, macro-

lides, tetracyclines), which, in turn, further disrupt the 

natural microbiome of the skin [1]. Nevertheless, the 

presence of an antimicrobial component in complex 

therapy is desirable, and the high metabolic activity of 

lactobacilli with the formation of lactic acid, lysozyme, 

hydrogen peroxide, lactacin, short-chain fatty acids, 

histamines, etc., again, confirms the prospect of the use 

of lactobacilli [10]. Such studies should also take into 

account the pH values in norm and skin pathologies. The 

necessity of reducing the pH in acne from 7 to 4.5 – 5.5 

[1] causes the prospect of using lactobacilli, among their 

metabolites is lactic acid up to 70 % [10]. 

In many skin diseases, vitamin therapy is pre-

scribed, most often B vitamins: B1, B2, B5, B6, B12, 

vitamins PP, A, E, C, and the use of vitamins together 

with probiotic cultures is rational, because lactobacilli 

are very demanding for food sources and require for the 

development of various growth factors: aminoacids, 

vitamins, nucleotides [11]. 

The aim of the study was to select the most op-

timal prebiotic components, for bacteria of the genus 

Lactobacillus for their combined usage in the composi-

tion of a soft complex dermatological therapeutic and 

preventive medicine with a probiotic.  

2. Planning (methodology) of the research 

To achieve the aim it was necessary to solve the 

following problems: 

– to analyse the properties, growth characteristics, 

cultivation conditions of production lactobacillus strains; 

– to evaluate the potential prebiotic substances as 

components of a complex dermatological therapeutic and 

preventive medicine with a probiotic; 

– to carry out a combined cultivation of produc-

tion lactobacillus strains with selected components; 

– to determine the effect of the selected compo-

nents on the growth and metabolic activity of production 

lactobacillus strains. 

 

3. Materials and methods 

As a probiotic component for the study was se-

lected standard for many human microbiome strain of 

bacteria of the genus Lactobacillus - non-pathogenic, 

non-toxic, gram-positive enzymatic microorganisms with 

the ability to produce lactic acid from carbohydrates and 

certain bactericidal and biologically active substances 

[12], that is the famous production strain of L. plantarum 

UCM – 2693, obtained from the collection of the  

D. K. Zabolotny Institute of Microbiology and Virology. 

As the active components were selected: vitamins of 

group B, which, according to the literature, not only have 

a positive effect on the growth of lactic acid bacteria, 

showing synergism with probiotics, but also belong to 

the group of "skin" vitamins. They used as dermatopro-

tectants through their regenerating, anti-inflammatory, 

reparative action; D-panthenol – provitamin B5, known 

for its anti-inflammatory and healing properties; a com-

plex of milk proteins (containing vitamin B6 and H and 

aminoacids), which normalizes the sebaceous glands, 

reduces the high level of skin fat, regulates the process of 

keratinization; α-lipoic acid (thioctic acid, so-called "vit-

amin antioxidant"), which has antioxidant, protective and 

moderate anti-inflammatory action. 

Analysing the existing topical preparations, the 

appropriate concentrations were selected starting from 

the lowest: pyridoxine hydrochloride, vitamin B6 - from 

0.1 to 0.5 %; calcium D-pantothenate, vitamin B5 – from 

1 to 5 %; D-panthenol, provitamin B5 – from 1 to 5 %; 

methylcobalamin, vitamin B12 – from 0.5 to 1 %; milk 

protein complex – from 1 to 5 %; α-lipoic acid – from 2 

to 5 %.  

In order to use these components together in a 

dosage form, a co-cultivation of a probiotic strain was 

carried out in a liquid MRS nutrient medium with a cer-

tain active ingredient at the selected concentrations. The 

water-insoluble ingredient (α-lipoic acid) was emulsified 

with tween-80, which, in addition to its emulsifying 

properties, is a source of fatty acids necessary for the 

metabolism of lactobacilli [13] and has shown high sur-

vival rates for lactobacilli [14]. The seeding dose of the 

microorganisms was 1·108 colony forming units in 1 ml 

(CFU/ml). The cultivation was carried out at a tempera-

ture of 37 °C under microaerophilic conditions for 

72 hours. 

Throughout the cultivation cycle, growing culture 

samples were taken at specific intervals to determine 

bacterial concentration by direct sowing and acidity de-

termination. Control was an environment with pure cul-
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ture. According to the obtained data, graphs were con-

structed in natural and semi-logarithmic coordinates. If 

the number of cells of lactobacilli in the sample with the 

active ingredient was at the level with the control, it 

indicated the possibility of using this component in one 

dosage form, if higher than the control – the presence of 

synergism, if lower – inhibition of lactobacilli growth 

and their incompatibility in one dosage form. 

 

4. Research results  

As part of the complex dermatological therapeutic 

and preventive medicine which is being developed, it is 

planned to use the complex of known production strains 

of L. plantarum B-2693 and L. fermentum B-7052 for the 

full realization of the biological potential of lactobacilli. 

However, the rationality of the use of the method of 

separate cultivation in obtaining a complex probiotic has 

been proved [15], so the study of the possibility of using 

the selected ingredients was carried out on monocultures 

of production strains. This work presents the results of a 

study to determine the possibility of sharing selected 

prebiotic components with a strain of L. plantarum B-

2693. 

The diagram in semi-logarithmic coordinates for 

L. plantarum with pyridoxine hydrochloride in concen-

tration 0.1 %, 0.25 %, 0.5 % is presented in Fig. 1. 
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Fig. 1. Growth dynamics of L. plantarum B-2693 in co-cultivation with pyridoxine hydrochloride 

 

 

 

During the first 48 h of cultivation, an exponential 

phase of bacterial growth was observed for each of the 

experiments. The number of viable lactobacilli cells was 

significantly increased, both in control and with the addi-

tion of vitamins at selected concentrations. Thus, for 

control of L. plantarum, cell number increase occurred 

from (1.15±0.08)·108 CFU/ml (Lg – 8.06) at 6 h of culti-

vation to (3.86±0.24)·109 CFU/ml (Lg – 9.59) at 48 h of 

cultivation. For example, in the case of L. plantarum 

 + 0.5 % B6 at 6 h of cultivation, the number of viable 

cells was (1.15±0,05)·108 CFU/ml (Lg – 8.06), at  

48 h – (3.87±0.21)·109 CFU/ml (Lg – 9.59). 

However, when comparing the results of the ex-

periments with the addition of vitamin and in the control, 

it is possible to notice not a significant increase in the 

number of viable cells of lactobacilli, or no influence 

when adding vitamins at the selected concentrations. By 

48 h of cultivation, the logarithm of the number of cells 

reached 9.59, both for control of L. plantarum and with 

added 0.1 % В6, 0.25 % В6, 0.5 % В6. 

From 48 h to 60 h of cultivation there is a de-

crease in the rate of increase of viable cells both in con-

trol and with the addition of vitamins at selected concen-

trations, the number of cells remains almost constant. 

Thus, to control: 

– at 54 h the number of cells was  

(4.01±0.15)·109 CFU/ml,  

– at 60 h – (3.95±0.05)·109 CFU/ml.  

That is, a stationary phase of bacterial growth is 

observed, when the lack of nutritional components for 

growth because of glucose utilization and the use of other 

food components and growth factors, including vitamins 

at selected concentrations, becomes noticeable. 

After 60 h of cultivation there is a decrease in the 

number of viable cells (logarithmic death phase). To 

control at 60 h, the cell count is (3.95±0.05)·109 CFU/ml, 

which is reduced to (2.74±0.15)·109 CFU/ml to 72 h. 

The results of the next series of experiments with 

the addition of calcium pantothenate in concentrations of 

1 %, 2.5 %, 5 % are shown in Fig. 2.  
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Fig. 2. Dynamics of growth of L. plantarum B-2693 in co-cultivation with calcium pantothenate 

 

In accordance with Fig. 2, the general tendency of 

growth of lactobacilli during the period of cultivation is 

similar to the previous results: up to 48 h there is an 

exponential phase growth, from 48 h to 60 h of cultiva-

tion – a stationary phase growth, from 60 h to 72 h – a 

death phase. 

However, for all measurement points, co-culturing 

of lactobacilli with vitamin B5 showed an increase in 

viable cells already at 1 % of the vitamin (for example, 

the result for the point 48 h was equal  

(4.65±0.11)109 CFU/ml) compared to the control  

(at 48 h – (3.86±0.24)·109 CFU/ml), and with the addi-

tion of 2.5 % and 5 %, no statistically significant differ-

ence from 1 % was observed (at the same point at 2.5 % 

B5 cell count was (4.65±0.13)·109 CFU/ml, at 5 % B5 – 

(4.66±0.15)·109 CFU/ml). Of course, vitamin B5 is a 

growth factor for lactobacilli, but glucose is the main 

nutritional component, so when it is deficient, even in-

creasing the concentration of vitamins does not lead to 

increase in the number of cells. This may explain in this 

case the absence of a significant difference when increas-

ing the amount of vitamin. 

The results of a series of experiments with the ad-

dition of provitamin B5 D-panthenol at concentrations of 

1 %, 2.5 % and 5 % to the nutrient medium are presented 

in Fig. 3. The general tendency of accumulation of lacto-

bacilli biomass with the addition of this active ingredient 

is similar to the previous one, so it was interesting to 

consider the dynamics of lactobacilli growth in the form 

of more obvious curves of lactobacilli growth (in all 

other series of experiments the curves were superim-

posed on each other, that prevented clarity). 
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Fig. 3. Growth dynamics of L. plantarum B-2693 co-cultivated with D-panthenol 
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In co-cultivation of lactobacilli with D-panthenol, 

there was a slight increase in viable cells with 1 % pro-

vitamin (results at 48 h were equal to  

(3.90±0.12)·109 CFU/ml) and a significant increase with 

2.5 % (results for the same point were  

(4.66±0.13)·109 CFU/ml) and 5 % (results for the same 

point were (4.70±0.26)·109 CFU/ml), and between them 

were slight differences. 

Cultivation of lactobacilli with methylcobalamin 

in concentrations of 0.5 %, 0.75 % and 1 % (Fig. 4) 

showed a slight positive effect on the increase of lactoba-

cilli biomass with increasing vitamin concentration in the 

nutrient medium. Thus, the growth of viable cells ended 

by 54 h: to control at this point the cell count was 

(4.01±0.15)·109 CFU/ml, when cultured with 0.5 %  

В12 – (4.10±0.21)·109 CFU/ml, with 0.75 %  

В12 – (4.15±0.02)·109 CFU/ml, with 1 %  

В12 – (4.05±0.15)·109 CFU/ml.  

During cultivation with milk protein complex 

(CMP) in concentrations of 1 %, 2.5 %, 5 % (Fig. 5), the 

increase in the number of lactobacilli cells is not signifi-

cant. Nevertheless, unlike cases of cultivation with vita-

mins, the increase in growth rate did not stop at 54 h 

observation, and at 48 h, and from 54 h the beginning 

of the accelerated death phase is traced, during which 

the equilibrium between the stationary phase and the 

rate of death of lactobacilli occurs. In addition, at this 

point the pH was much lower than for other cases 

(Table 1), which may be explained by the stimulation 

of milk fermentation of a complex of vitamins and 

amino acids with the formation of more lactic acid 

than in other cases. 

Cultivation of lactobacilli with α-lipoic acid (LA) 

at concentrations of 2 %, 3.5 % and 5 % (Fig. 6) com-

pared to control, has no significant effect on lactobacilli, 

which may be explained by the fact that lipoate plays a 

role of coenzyme in oxygen metabolism, especially in 

pyruvate dehydrogenase complex, irrelevant for the me-

tabolism of lactobacilli.  

In parallel for all series of experiments throughout 

the cycle of cultivation, determination of the acidity of 

the culture fluid was performed (Table 1).  
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Fig. 4. Growth dynamics of L. plantarum B-2693 co-cultivated with methylcobalamin 
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Fig. 5. Growth dynamics of L. plantarum B-2693 co-cultivation with milk protein complex (CMP) 
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Fig. 6. Growth dynamics of L. plantarum B-2693 co-cultivation with α-lipoic acid (LA) 

 

Table 1 

pH values in the culture fluid of L. plantarum B-2693 during cultivation with active ingredients 
Culti-
vation 
time 

рН 

Control 0.1 % В6 1 % В5 
2.5 % D-
panthenol 

1 % CMP 0.5 % В12 2 % LA 

6 6.5 6.5 6.5 6.4 6.4 6.5 6.5 
12 6.4 6.3 6.2 6.2 6.2 6.3 6.3 
18 6.2 6.2 6.2 6.1 6.1 6.2 6.1 
24 5.3 5.2 5.1 5.0 5.0 5.2 5.2 
30 4.9 4.8 4.6 4.6 4.7 4.9 4.8 
36 4.8 4.8 4.5 4.4 4.5 4.8 4.7 
42 4.7 4.7 4.4 4.3 4.4 4.7 4.6 
48 4.5 4.5 4.2 4.2 4.0 4.5 4.4 
54 4.3 4.3 4.2 4.1 4.0 4.3 4.3 
60 4.2 4.2 4.1 4.1 3.9 4.2 4.2 
66 4.0 4.0 4.1 4.0 3.9 4.1 4.0 
72 4.0 4.0 4.0 3.9 3.9 4.0 4.0 

Note:  – data for cultivation with active ingredients at concentrations proposed as promising in the dosage form 

 

According to the results of Tab. 1, we observe a 

general trend of decreasing pH from 6.4 – 6.5 to 3.9 – 4.0 

during 72 h, which is due to the utilization of glucose in 

the process of cultivation of lactobacilli, which is a part 

of the nutrient medium, and the formation of metabolic 

products in the first turn lactic acid. This will have an 

overall positive effect on the dynamics of dermatological 

diseases not only due to the need to reduce pH of the 

skin, but also due to the antimicrobial action of substanc-

es formed during the metabolism of lactobacilli. 

 

5. Discussion of research results 

It is known that the growth and metabolic func-

tions of lactobacilli are related to the so-called growth 

factors. For lactobacilli growth factors are vitamins, 

especially group B, and similar to vitamins substances 

[12]. That is why, choosing the optimal conditions for 

lactobacilli has one of the requirements - sufficient con-

tent of vitamins in the nutrient medium, but similar stud-

ies use multi-constituent components of the nutrient 

medium that are a mixture of undetermined substances 

rather than individual substances [16, 17].  

The results of our experiments made it possible to 

distinguish the following general trends of the bacterial 

population growth curve for the series of experiments with 

L. plantarum B-2693 combined with growth factors - vita-

mins and vitamin-like substances at selected concentrations. 

During 48 h of cultivation, there is a significant increase in 

viable lactobacilli cells, both in control and with the addition 

of vitamins at selected concentrations (exponential bacterial 

growth phase). From 48 h to 60 h of cultivation there is a 

decrease in the rate of increase of viable cells both in control 

and with the addition of vitamins at selected concentrations, 

the number of cells remains almost constant (stationary 

phase of bacterial growth - lack of nutrients for growth as a 

result of glucose utilization and use other nutrients and 

growth factors). After 60 h there is a decrease in the number 

of viable cells (logarithmic dying phase). 

During cultivation, acidification of the nutrient 

medium pH from 6.4 – 6.5 to 3.9 – 4.0 was observed as a 

result of the formation of lactic acid from carbohydrates 

(up to 85 % or more) and other terminal metabolites; that 

is, the addition of growth factors slightly increases the 

biochemical potential of microorganisms, as evidenced 

by the increase in biomass and acid potential. 

Although there is no significant difference be-

tween one series of experiments with different vitamins, 

it can be noted that the largest increase in viable cells 
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was observed when grown with vitamin B5 (among se-

lected concentrations – 1 %) and provitamin B5 (2.5 %). 

Study limitations. Study reflects only the possi-

bility of joint using of selected substances with lactoba-

cilli in concentrations, the choice of which is based on 

their use in the composition of dermatological prepara-

tions, and not the stimulation of lactobacilli during their 

cultivation for other purposes.  

Prospects for further research. According to the 

results of the studies, it is planned to carry out further re-

searches to study the technological and pharmacological 

properties of active components for selecting the most opti-

mal for the composition of the complex dermatological 

therapeutic and preventive medicine with probiotic. 

 

6. Conclusions 

Thus, according to the defining of microbiological 

parameters it is possible to state the prospect of using select-

ed prebiotic components with lactobacilli in the composition 

of one dosage form that is being developed. Despite the 

pronounced synergism of action for the vitamin B5 and D-

panthenol series of experiments, all other components are 

also promising due to the lack of negative effects on lacto-

bacilli and a number of positive effects on human skin. 

From the selected concentrations studied, from the 

economic point of view it is possible to stay at the mini-

mum: for vitamins B6 – 0.1 %, B5 – 1 %, B12 – 0.5 %, for 

D-panthenol – 2.5 %, for milk proteins complex – 1 %, for 

α-lipoic acid – 2 %. Minimum concentration is possible due 

to the planning of the use of several prebiotic components, 

but the final selection of the active components in the com-

position of the dermatological medicine with a probiotic is 

possible in the following defining of pharmacological and 

technological parameters. 
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