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Postbiotics are metabolites of probiotic microorganisms that, unlike probiotics, do not contain live cells. This gives 

them greater stability and safety, making them promising for use in soap formulations. Postbiotics can enrich soaps with 

new functionalities, e.g., supporting the maintenance of the skin microbiome, improving hydration levels and 

strengthening the skin's barrier function. The present study examines their compatibility with soap ingredients and their 

potential as innovative cosmetic ingredients. The study aims to investigate how postbiotics can provide soaps with 

additional skin benefits, positioning them as innovative products in the personal care market. 
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INTRODUCTION 

In recent years, the personal care industry has 

undergone significant changes in consumer 

preferences. There is a growing preference for 
products with high-quality, safe and 

environmentally sustainable ingredients. In response 

to these demands, companies are developing 
innovative solutions, incorporating biodegradable 

packaging, organic ingredients and adopting ethical 

production standards. Within this context, 

postbiotics are emerging as a valuable and promising 
cosmetic ingredient. 

Soap formulation presents a challenge when 

incorporating active ingredients due to the high pH 
and the need for chemical stability and ingredient 

compatibility. However, to achieve the desired 

functionality and market appeal of soaps, various 
additives are used, including emollients, 

moisturizers, antibacterial agents and bioactive 

compounds [1−11]. 

Postbiotics also have the potential to be 
incorporated as an effective and innovative 

ingredient in soaps. They are non-living 

microorganisms and/or their metabolites that 
provide health benefits to the host [12]. These 

ingredients do not require viability, exhibit greater 

stability under various conditions, and are not 

subject to the same regulatory requirements for 
microbiological safety as probiotics, according to 

Cosmetics Regulation No 1223:2009 [13] and ISO 

17516:2014 [14]. 
With  the  growing  understanding  of  the  skin  

microbiome, postbiotics are establishing themselves 

as a valuable resource in cosmetics [15−18]. They 
contain metabolites such as short-chain fatty acids, 

exopolysaccharides, vitamins, teichoic acids, 

bacteriocins, enzymes, peptides, etc. [12, 19−21], 
which are used in the form of lysates, enzymes, 

extracts, and others [22, 23]. Postbiotics exhibit 

antioxidant, anti-inflammatory and immune-
modulatory properties [18, 24−29], they have a 

longer shelf life and do not require viability in the 

topical formula, making them more stable and 

convenient for use in cosmetic products. 
Their mechanisms of action can be direct 

(affecting skin cells) or indirect (stimulating 

beneficial microorganisms and inhibiting pathogens) 
[16]. They contribute to creating conditions that can 

limit skin infections and inflammation [30−34], 

support the treatment of acne, eczema and rosacea 

[15, 35, 36] and help improve skin hydration and 
barrier function [37−40]. 

The aim of this study is to examine the potential 

applications of postbiotics in soaps, with a focus on 
improving their functionality and impact on the skin. 

The research focuses on the effect of using 

postbiotic-enriched soaps on skin hydration and 
strengthening its microbial defenses. 

The study used a postbiotic derived from 

Limosilactobacillus reuteri, a microorganism known 

for its ability to produce reuterin – a potent 
antimicrobial metabolite that effectively inhibits 

various pathogens [41−44]. In addition  to  reuterin, 

certain strains of L. reuteri are also sources of other 

antimicrobial compounds, including lactic acid,   
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acetic acid, ethanol, and reutericyclin [45]. Among 

the other bioactive substances, characteristic of this 

species are compounds that help restore skin balance 
and reduce inflammation [45−47]. The stability of 

the postbiotic across a wide pH range, combined 

with its beneficial properties, makes it a suitable 

functional ingredient for inclusion in soaps. 

MATERIALS AND METHODS 

Materials 

The studies were conducted on solid and liquid 

soaps produced using a cold method, with 

postbiotics at different concentrations. A probiotic 

strain of L. reuteri was used, provided by the private 
collection of Cryobiotica Ltd. 

Culture medium for obtaining the postbiotic 

concentrate: А solution of skimmed milk powder 
was prepared and whey protein was added until a 

concentration of 50% was reached. The resulting 

solution was then diluted to 15%, and 0.45% of yeast 
extract was added. The prepared culture medium 

was sterilized at 121°C for 20 min. 

The formulation of the solid soap included palm 

oil, coconut oil (N. Pavlos, S. A. Pettas, Greece) and 
varying concentrations of L. reuteri. The 

saponification agent used was NaOH in the form of 

microbeads with a concentration of 98-99% 
(manufacturer: INOVYN Europe Limited). For the 

liquid soap, coconut oil and varying concentrations 

of L. reuteri postbiotic were used. The saponification 

agent used was 90%KOH in flakes (importer: Safik-
Alkan Himsnab AD; manufacturer: SPOLCHEMIE, 

Czech Republic).  

Methods 

The probiotic microorganism L. reuteri was 

cultured in a medium for obtaining postbiotic 

concentrates at 37°C for 16-18 hours. The resulting 
culture medium was heated to 45°C, homogenized in 

a batch homogenizer at 400 bar, and then lyophilized 

in a Biobase BK-FD18P freeze dryer for 24 hours. 

The culture medium was previously frozen to -42 °C. 
Lyophilization was carried out at a working pressure 

of 20 Pa. The final product contains 1-4% of water. 

The saponification of the oil mixture for the solid 
soaps was carried out in laboratory conditions using 

sodium hydroxide, following the method described 

in [48]. The appropriate amount of postbiotic 
concentrate was added to the soap mass. After 

thorough mixing, the soap mixture was poured into 

silicone molds and stored at room temperature 

(25°C) for a period of three to four weeks. 
A formulation for the production of liquid soaps 

with coconut oil and L. reuteri postbiotic was also 

developed. The saponification of the oil mixtures 

was performed in laboratory conditions. The liquid 

soap mass was cooled to a temperature of 20±2°C 

for 24 hours and then dispensed into bottles. A 
control sample (without postbiotic) was also 

prepared for analysis. 

The soap analysis included the determination of 
the following physical and chemical parameters: 

moisture content (ISO 672:1978) [49]; free caustic 

alkali content (ISO 456:1973) [50]; total fatty matter 
content (ISO 685:2020) [51]; foaming ability (ISO 

696:1975) [52]; pH (ISO 4316:1977) [53] and 

sensory characteristics. The sensory analysis 

involved evaluating the opinions of the panelists 
after the application of the products. The test was 

designed to compare the effects of different soaps 

(solid and liquid, with and without postbiotics) on 
the skin. It aimed to examine how these differences 

affect key indicators such as skin hydration, 

sensation of softness, lack of irritation, as well as 
foaming, hardness, soap durability and overall 

perception after product use. 

The consumer test involved 30 panelists with 

healthy skin, aged between 25 and 60 years, 70% of 
whom were women and 60% having normal skin (as 

determined through self-assessment). The test was 

conducted in home conditions over a period of 30 
days, with each product being used twice daily – in 

the morning and evening – for washing the hands. 

Hydration was measured through the subjective 

feeling of moisture retention in the skin after each 
use. This indicator reflects how the skin feels after 

applying the soap – whether it is smooth, soft and 

comfortable, or dry and tight. The absence of 
irritation was assessed by observing signs of redness, 

itching, or other skin reactions. Foaming was 

evaluated based on the quantity and density of the 
foam, while hardness and durability referred to the 

soap’s endurance during use and its ability to 

maintain its shape. The overall perception 

summarized the ratings for all of these 
characteristics. 

Data were collected through surveys completed 

after the use of each product, with ratings given on a 
scale from 1 to 5. This methodology ensured a 

detailed and objective evaluation of the products 

based on real consumer experiences. 

RESULTS AND DISCUSSION 

Tables 1 and 2 present the results of the analysis 

of solid and liquid soaps, respectively. №1A and 

№2A are control samples (without postbiotic), while 
samples №1B, №2B, №1C and№2C contain 0.1% 

and 0.2% of postbiotic preparation, respectively.  

The results indicated that the addition of L. 
reuteri postbiotics to solid soaps affects some of 
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their physicochemical properties. The foaming 

capacity decreased by approximately 6-7%, which 

could be due to interactions between the postbiotic 
and surfactant components. The moisture content in 

the samples ranged between 18.1% and 20.4%, with 

the postbiotic-containing samples retaining more 
moisture compared to the control. This suggests a 

potential hydrating effect of the postbiotic.  

The addition of postbiotics did not significantly 
affect the pH or the content of free alkalis, indicating 

that the saponification process is complete and the 

stability of the product is not compromised. The fatty 

acid content slightly decreased with an increase in 
postbiotic concentration, but the differences were 

not significant.  

In conclusion, the postbiotic can be incorporated 
into solid soap formulations, contributing to a 

potentially enhanced hydrating effect without 

compromising the primary characteristics of the 
product. 

The solid soap samples have different colors, as 

seen in Figure 1. This is a result of the variations in 

the amount of postbiotic contained in them.  

 

Fig. 1. Solid soap samples – (1А) control, (1В) and 

(1С) containing 0.1% and 0.2% postbiotic, respectively. 

The darkest color is observed in sample №1C 

which contains the highest amount of postbiotic 
(0.2%). The control sample №1A stands out with a 

clean and lighter color. 

 

Table 1. Results of the analyzed solid soap samples.

Sample 
Moisture 

 content, % 

Total fatty matter  

content, % 

Foaming ability, 

cm3 after 30 s 
pH 

Free alkali, 

% 

№1А 18.1±0.1 61.2±0.3 150.0±5.0 10.1±0.1 0.06±0.003 

№1В 19.5±0.2 62.3±0.3 140.0±3.0 10.2±0.1 0.04±0.002 

№1С 20.4±0.2 63.5±0.2 140.0±4.0 10.3±0.1 0±0.004 

Table 2. Results of the analyzed liquid soap samples.  

Sample 
Free alkali, 

% 

Foaming ability, 

cm3 after 30 s 
pH Appearance 

№2А 0 210.0±6.0 9.2±0.1 Transparent liquid 

№2B 0 200.0±6.0 9.2±0.1 Semi-transparent liquid 

№2C 0 180.0±3.0 9.0±0.1 Semi-transparent liquid 

Table 3. Consumer test results for solid soaps 
 

Sample Hydration Lack of irritation Foaming ability Hardness Overall perception 

№1A avg. 3.20 4.50 4.30 4.60 3.75 

№1B avg. 3.60 4.50 4.30 4.50 4.05 

№1C avg. 3.80 4.90 4.10 4.60 4.10 
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The results of the analysis of the liquid soaps 

indicated that the addition of L. reuteri postbiotic 

leads to changes in some of their characteristics. The 
foaming ability decreased with an increase in the 

postbiotic concentration – sample №2B showed a 

decrease of approximately 5%, while sample №2C 
experienced a 14% reduction compared to the control 

sample №2A. 

The pH values of all samples remained within a 
narrow range (9.0-9.2), indicating that the addition of 

postbiotics does not significantly affect the alkalinity 

of the product. All samples have zero free alkali 

content, confirming the complete saponification of 
the oils.  

A significant difference was observed in the 

appearance of the samples. While the control sample 
№2A is a transparent liquid, the postbiotic-

containing samples №2B and №2C are semi-

transparent (Figure 2). This indicates that the 
addition of postbiotics affects the optical properties 

of the liquid soap, likely due to the solubility or 

interactions of the postbiotic preparation with the 

other components. The difference in adding 
postbiotics to liquid soaps is mainly expressed in the 

reduction of foaming ability and the change in the 

appearance of the product. 

 

Fig. 2. Liquid soap samples – (2A) control, (2B) and 

(2C) containing 0.1% and 0.2% of postbiotic, respectively. 
 

In conclusion, the addition of L. reuteri 

postbiotic to soap formulations did not lead to 
significant changes in the main physicochemical 

properties of the soap. Good compatibility with the 

ingredients was observed, without compromising the 
product’s quality. This makes the postbiotic suitable 

for inclusion in soap formulations. 

The data presented in Table 3 come from 

consumer tests on solid soaps with postbiotics. The 

evaluated indicators determine the quality and 
overall perception of the soap by users. These factors 

play an important role in product evaluation, as they 

reflect both functional and aesthetic characteristics, 
which are significant to the end consumer.  

Participants noted a difference in the moisture 

feeling after using soaps with postbiotics compared 
to those without. Products with higher concentrations 

of postbiotics demonstrated better ability to keep the 

skin smooth and soft after use. Sample №1C showed 

the highest value (3.80), indicating better hydration 
compared to samples №1A (3.20) and №1B (3.60). 

This suggests that the postbiotic in sample №1C may 

have a stronger effect on skin hydration.  

Perceptions of irritation were relatively 

consistent for all samples (between 4.50 and 4.90), 

indicating that the addition of postbiotic does not 
lead to skin irritation. None of the products caused 

redness or itching in participants. This shows good 

tolerance for all tested soaps. 

Regarding the foaming ability, samples №1A 
and №1B received the same rating (4.30), while 

sample №1C had a slightly lower value (4.10). This 

could suggest that the addition of postbiotic slightly 
reduces the foaming ability. 

No significant changes in the hardness or erosion 

of the soaps were observed with the increasing 

concentration of postbiotic. The overall product 
rating combines all aspects of the consumers' 

perceptions regarding the soap's qualities and can be 

considered as an indicator of overall satisfaction with 
the product. 

The majority of participants gave a high rating 

for the 'overall perception' of the soaps with 
postbiotics, highlighting the better feeling of 

hydration and skin comfort compared to the other 

samples. 

In summary, the postbiotic has a positive effect 
on hydration and does not cause irritation while 

slightly reducing foamability, but it does not 

significantly impact the hardness or erosion of the 
soap. 

Table 4 presents data from the sensory evaluation 

tests for the three liquid soap samples. 

 

Table 4. Consumer test results for liquid soaps 
 

Sample Hydration Lack of irritation Foaming ability Overall perception 

№2A avg. 3.50 4.40 4.70 3.90 

№2B avg. 3.60 4.60 4.60 4.10 
№2C avg. 3.70 4.50 4.60 4.10 
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The participants in the test indicated that regular 

use of the product with postbiotics contributes to 

visibly better hydrated and smoother skin compared 
to the control sample. The products with postbiotics 

(№2B and №2C) received high ratings for the 

absence of irritation, as consumers did not 
experience redness or itching. The foaming ability of 

these products was rated as providing additional 

comfort and hydration. 

CONCLUSION 

Postbiotics represent an innovative and effective 

ingredient that can be integrated into soap 

formulations, opening new opportunities for 
development in the cosmetics industry. The results of 

the study show that the addition of postbiotics to 

soaps does not lead to unwanted changes in their core 
qualities, but may provide additional skin benefits, 

such as hydration and strengthening of the skin 

barrier. Although soaps are rinse-off products, the 
inclusion of a postbiotic suggests the potential for 

continued skin benefits after regular use, as a result 

of a cumulative effect. The use of postbiotics adds 

additional functionality and may contribute to 
successful market positioning of the products. Based 

on the promising results, further instrumental studies 

are needed to confirm the dermatological effects and 
the optimal conditions for the application of 

postbiotics in soap formulation. 
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