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RESEARCH ARTICLE

Effects of Dermocosmetic Preservative Exposure 
on the Development of Antimicrobial Resistance 
in Skin Microbiota

ABSTRACT

Background: Antimicrobial preservatives are an integral part of dermocosmetic for-
mulations to prevent contamination and ensure product stability. Exposure to these 
substances may create selective pressure on the skin microbiota and may poten-
tially lay the groundwork for the development of antimicrobial resistance. This study 
aimed to evaluate the effects of commonly used dermocosmetic preservatives on 
the resistance profiles of skin-associated microorganisms.

Methods: Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC 
35984, Pseudomonas aeruginosa ATCC 15442, and Candida albicans ATCC 
14053 strains were exposed to phenoxyethanol, benzyl alcohol, potassium sorbate, 
sodium benzoate, and methylparaben for 5, 15, and 30 days. Minimum inhibitory con-
centration (MIC) values were determined at all stages using the broth microdilution 
method. Antimicrobial resistance was evaluated using vancomycin, cefepime, and 
fluconazole, respectively.

Results: Benzyl alcohol and methylparaben showed the highest initial activity 
against bacterial strains, whereas potassium sorbate exhibited lower efficacy. C. albi-
cans generally showed higher susceptibility to preservatives. Prolonged preservative 
exposure led to time-dependent increases in antibiotic MIC values in S. epidermi-
dis, P. aeruginosa, and C. albicans, while S. aureus remained largely stable. Twofold 
increases were observed in the early period (5-15 days), and these increases reached 
fourfold on day 30 in some preservative–microorganism combinations. The observed 
MIC increases remained at the threshold of clinical resistance limits.

Conclusion: Prolonged exposure to dermocosmetic preservatives may lead to mea-
surable and time-dependent resistance developments reflecting adaptive microbial 
responses. These findings indicate that safety evaluations should consider not only 
the immediate antimicrobial efficacy of preservatives but also their long-term selec-
tive effects.

Keywords: Antimicrobial resistance, dermocosmetic preservatives, microbial adap-
tation, minimum inhibitory concentration, skin microbiota, sub-inhibitory exposure

INTRODUCTION

Dermocosmetic products have long been widely used for the improvement 
of aesthetic appearance, maintenance of skin health, and protection against 
environmental factors. These products are available in various dosage forms 
such as creams, lotions, gels, and solutions, and thus, have a wide range of 
applications.1,2,3,4These pharmaceutical preparations, which do not require ster-
ilization, constitute a highly favorable environment for microbial contamination 
due to their composition rich in carbohydrates, proteins, and lipids. In particu-
lar, high water activity emerges as a critical factor that promotes the rapid 
proliferation of microorganisms.5,6,7

Microbial contamination that may occur during the production stage or 
throughout the usage period can reduce the efficacy of the product, shorten 
its shelf life, and disrupt its physicochemical stability, potentially leading to seri-
ous dermatological or systemic infections.8,9,10,11 To control this microbial threat, 
prevent product deterioration, and ensure consumer safety, various antimicro-
bial preservatives are incorporated into dermocosmetic formulations. These 
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What is already known on 
this topic?

• Antimicrobial preservatives are
widely used in dermocosmetic
products to ensure microbio-
logical safety and maintain
product stability.

• It has been reported that pre-
servatives used in dermocos-
metic formulations may affect
the composition and balance of
the skin microbiota.

• Skin microbiota can act as a res-
ervoir for opportunistic patho-
gens and the development of
antimicrobial resistance under
selective pressure.

What this study adds on this 
topic?

• This study demonstrates that
exposure to dermocosmetic
preservatives may lead to
time-dependent changes in
antibiotic minimum inhibitory
concentration values in skin-
associated microorganisms.
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preservatives aim to maintain the microbial load within acceptable limits through-
out the product’s period of use and inhibit microbial proliferation by acting on the 
cell wall, cytoplasmic membrane, and enzymatic systems of microorganisms. The 
degree of this effectiveness may vary depending on several factors such as formula-
tion composition, pH, packaging conditions, and mode of use.5,7,12,13,14

Healthy human skin possesses a complex and balanced ecosystem structure in 
which various microorganisms are present, capable of exhibiting both commensal 
and opportunistic pathogenic characteristics.15,16,17 Topically applied dermocosmetic 
products create a continuous and dynamic interaction between their components 
and the microorganisms residing on the skin surface. Disruption of this ecosystem 
may lead to the development of dysbiosis, resulting in the dominance of certain 
microorganisms and an increased risk of infection.18,19,20

Exposure to antimicrobial preservatives at sub-lethal levels or for prolonged peri-
ods may trigger the development of tolerance and resistance by leading microor-
ganisms to develop adaptation to environmental stress conditions. This adaptation 
process occurs through various molecular mechanisms such as alterations in gene 
expression, activation of efflux pump systems, and reorganization of cell membrane 
permeability.21,22,23 This situation is not limited only to a decrease in preservative effi-
cacy but may also affect the severity and pathogenesis of infections by causing 
changes in the virulence factors of microorganisms. These changes are associated 
with increases in properties such as adhesion ability, biofilm formation capacity, 
and toxin production.24,25,26 As a result, the survival capacity of microorganisms 
increases, susceptibility to conventional antimicrobial agents decreases, and infec-
tions that are more difficult to treat may arise. Therefore, not only the short-term 
antimicrobial effects of preservatives used in dermocosmetic products but also the 
selective pressure they exert on microorganisms in the long term should be taken 
into consideration.21,27,28,29

Although dermocosmetic preservatives have been extensively studied in terms of 
their antimicrobial efficacy, toxicity profiles, and formulation stability, data regarding 
their impact on the development of resistance in microorganisms constituting the 
human skin microbiota remain limited. The predominant focus of existing studies 
on short-term efficacy hinders a comprehensive understanding of microbial adap-
tive responses under prolonged and repeated exposure conditions, thereby limiting 
the evaluation of potential risks under real-use scenarios.22,30,31,32 In this study, the 
effects of exposure to commonly used dermocosmetic preservatives on the resis-
tance profiles of representative members of the skin microbiota were investigated. 
The selected preservatives were chosen due to their broad-spectrum antimicrobial 
activity and widespread use, while the microorganisms included in the study are 
clinically relevant in the context of resistance development.16,33,34 This study aims to 
address the existing knowledge gap regarding the effects of dermocosmetic pre-
servatives on microbial adaptation and resistance development under prolonged 
exposure conditions and to provide a scientific basis for their safety evaluation.

MATERIAL AND METHODS

Microorganisms and Growth Conditions
Reference strains of Staphylococcus aureus ATCC 6538, Staphylococcus epidermi-
dis ATCC 35984, Pseudomonas aeruginosa ATCC 15442, and Candida albicans ATCC 
14053 were obtained from the Department of Pharmaceutical Microbiology, Faculty 
of Pharmacy, Ankara University and used throughout the study. The antibiotic sus-
ceptibility profiles of all strains were confirmed by determining their minimum inhib-
itory concentration (MIC). Vancomycin (Sigma-Aldrich, St. Louis, MO, USA) was 
used as the reference agent for Staphylococcus spp., cefepime (Thermo Scientific, 
Waltham, MA, USA) for P. aeruginosa, and fluconazole (Cayman Chemical Company, 
Ann Arbor, MI, USA) for C. albicans in susceptibility testing.35,36

•	 The findings indicate that such 
exposure may modulate micro-
bial responses to antibiotics, 
leading to adaptive changes at 
the level of clinical resistance 
thresholds.

•	 The results emphasize that 
safety evaluations should con-
sider not only the short-term 
antimicrobial efficacy of pre-
servatives but also their long-
term selective effects.
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Tryptic Soy Agar (Condalab, Madrid, Spain) was used 
for the cultivation of bacterial strains, while Sabouraud 
Dextrose Agar (Condalab) was used for C. albicans. For 
antimicrobial susceptibility testing and preservative expo-
sure assays, Mueller Hinton Broth (Condalab) was used 
for bacterial strains, whereas RPMI-1640 medium buffered 
with MOPS and supplemented with D-glucose was used 
for C. albicans. All microorganisms were incubated at 35 ± 
2°C for 18-24 hours.

Determination of Minimum Inhibitory Concentrations
MIC values were determined using the broth microdilution 
method. Inoculum suspensions were prepared from fresh 
agar cultures in sterile 0.9% saline, vortexed to ensure 
homogeneity, and adjusted to a turbidity equivalent to 
a 0.5 McFarland standard (approximately 1-2 × 108 CFU/
mL) using a densitometer. The inocula were used within 
15 minutes in accordance with standard laboratory prac-
tices,37 and all experiments were performed in triplicate. 
Phenoxyethanol (Thermo Scientific), benzyl alcohol (Carlo 
Erba, Val-de-Reuil, France), potassium sorbate (Thermo 
Scientific), sodium benzoate (Tekkim, Bursa, Turkey), and 
methylparaben (Sigma-Aldrich) were tested against all 
microorganisms, and their MIC values were determined to 
define sub-inhibitory concentrations for subsequent expo-
sure experiments.

Susceptibility tests were performed in sterile 96-well 
microplates using the broth microdilution method 
according to established guidelines. The MIC values of 
the selected antibiotics were determined before and after 
preservative exposure. Measurements were performed 
at baseline and on days 5, 15, and 30 following expo-
sure. Changes in MIC values were monitored to assess 
the development of antimicrobial resistance; increases in 
MIC were interpreted as indicative of resistance develop-
ment, whereas decreases were interpreted as increased 
susceptibility.35,36

Preservative Exposure
Preservative exposure experiments were conducted using 
sub-inhibitory concentrations determined for each micro-
organism based on MIC results.38,39 Specifically, sub-MIC 

levels were selected as fractions of the determined MIC 
values (e.g., ≤1/2 MIC), ensuring that microbial growth was 
not completely inhibited while allowing the assessment of 
adaptive responses under sustained sub-lethal stress con-
ditions. This approach is consistent with established meth-
odologies used to investigate resistance development 
under prolonged antimicrobial exposure.38 Microorganisms 
were exposed to the selected preservatives for 5, 15, and 
30 days. Exposure assays were performed in sterile screw-
capped glass tubes containing suspensions composed of 
growth medium, the test microorganism, and the respective 
preservative. Preservative concentrations were adjusted to 
sub-inhibitory levels (below MIC values) to maintain micro-
bial viability throughout the exposure period. Standardized 
microbial suspensions were inoculated into these media 
and incubated under appropriate conditions.

During the exposure period, microorganisms were 
pas-
saged daily by transferring 100 µL aliquots into 
freshly prepared suspensions containing the same 
preservative conditions. This sequential subculturing 
procedure was continued for 30 consecutive days to 
ensure continuous exposure.40 Control groups were 
maintained in parallel under identical conditions in 
preservative-free media. All experiments were 
performed in triplicate for each micro-organism–
preservative combination, including the con-trol 
groups. At predetermined time points (days 5, 15, 
and 30), 100 µL samples were collected from each 
sus-pension, plated onto appropriate agar media, and 
incu-bated to obtain microbial cultures for 
subsequent MIC determination.

This study was conducted using standard 
laboratory strains and did not involve human 
participants or animals; therefore, ethics committee 
approval and informed con-sent were not required.

RESULTS

Baseline MIC Values of Antimicrobials
The MIC values of antibiotics and preservatives against 
the test microorganisms prior to exposure are 
presented in Table 1. The obtained results were validated 
in accordance Table 1. MIC Values of Antibiotics (mg/L) and Preservatives (g/L) Against Test Microorganisms Prior to Exposure

Antimicrobial Agent S. aureus S. epidermidis P. aeruginosa C. albicans
Antibiotics (mg/L) VNC 1 1 ND ND

CFP ND ND 2 ND
FLC ND ND ND 1

Preservatives (g/L) PE 10 10 5 2.5
BA 5 5 2.5 2.5
PS 12 12 12 0.75
SB 10 10 10 2.5
MP 5 5 2.5 1.25

BA, benzyl alcohol; CFP, cefepime; FLC, fluconazole; MIC, minimum inhibitory concentration; MP, methylparaben; ND, not defined; PE, phenoxy-
ethanol; PS, potassium sorbate; SB, sodium benzoate; VNC, vancomycin.
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with established guidelines.35,36,37 Antibiotic MIC values 
were considered as baseline reference points.

Exposure concentrations were determined based on 
the MIC values of the preservatives and selected at sub-
inhibitory levels to avoid complete inhibition of 
microbial growth. For S. Aureus and S. epidermidis, 
the exposure concentrations were 5 g/L for 
phenoxyethanol, 2.5 g/L for benzyl alcohol, 6 g/L for 
potassium sorbate, 5 g/L for sodium benzoate, and 2.5 
g/L for methylparaben; for P. aeruginosa, the 
corresponding concentrations were 2.5 g/L for 
phenoxyethanol, 1.25 g/L for benzyl alcohol, 6 g/L 
for potassium sorbate, 5 g/L for sodium benzoate, 

and 1.25 g/L for methylparaben; and for C. albicans, the 
exposure concentrations were 1.25 g/L for phenoxyetha-
nol, 1.25 g/L for benzyl alcohol, 0.375 g/L for potassium 
sorbate, 1.25 g/L for sodium benzoate, and 0.625 g/L for 
methylparaben.

The comparison of the efficacy of preservatives against 
test microorganisms before the exposure phase is pre-
sented in Figure 1. Based on the examined values, benzyl 
alcohol and methylparaben were identified as the most 
effective preservatives against S. aureus, S. epidermidis, 
and P. aeruginosa, whereas potassium sorbate exhib-
ited the lowest effectiveness. In contrast to the bacterial 

Figure 1.  Comparison of the effectiveness of preservatives against test microorganisms.

Table 2. MIC Values (mg/L) of Antibiotics Against Test Microorganisms at Days 5, 15, and 30 After Exposure to Preservatives

Exposure Day

Test Microorganisms 
Antibiotics

Preservatives
S. aureus

VNC
S. epidermidis

VNC
P. aeruginosa

CFP
C. albicans

FLC
5th PE 0.5 1 4 1

BA 0.5 1 4 1
PS 1 1 4 1
SB 0.5 1 4 2
MP 1 2 4 1

15th PE 0.5 1 4 2
BA 1 2 4 2
PS 1 2 4 1
SB 0.5 1 8 2
MP 1 2 4 1

30th PE 1 2 4 4
BA 1 2 4 4
PS 1 2 4 2
SB 1 2 8 4
MP 1 2 8 2

BA, benzyl alcohol; CFP, cefepime; FLC, fluconazole; MIC, minimum inhibitory concentration; MP, methylparaben; PE, phenoxyethanol; PS, potas-
sium sorbate; SB, sodium benzoate; VNC, vancomycin.
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strains, potassium sorbate demonstrated the lowest MIC 
value against C. albicans. Additionally, C. albicans showed 
greater sensitivity to preservatives compared to the bac-
terial strains.

Post-Exposure MIC Changes
The MIC values of antibiotics against the test microorgan-
isms after 5, 15, and 30 days of exposure to preservatives 
are presented in Table 2. For S. aureus, MIC values remained 
unchanged following exposure to potassium sorbate and 
methylparaben, while minor variations were observed 
after exposure to phenoxyethanol, benzyl alcohol, and 
sodium benzoate. In contrast, increases in MIC values were 
observed for S. epidermidis, P. aeruginosa, and C. albicans 
following exposure to all preservatives. In S. epidermidis, a 
twofold increase was observed after 5 days of exposure to 
methylparaben, after 15 days to benzyl alcohol and potas-
sium sorbate, and after 30 days to phenoxyethanol and 

sodium benzoate. In P. aeruginosa, a twofold increase was 
observed after 30 days of exposure to sodium benzoate 
and after 5 days of exposure to the other preservatives, 
while a fourfold increase was observed after 15 days of 
exposure to potassium sorbate and after 30 days to meth-
ylparaben. In C. albicans, a twofold increase in MIC values 
was observed after 5 days of exposure to sodium benzo-
ate, after 15 days to phenoxyethanol, benzyl alcohol, and 
methylparaben, and after 30 days to potassium sorbate, 
whereas a fourfold increase was observed after 30 days of 
exposure to phenoxyethanol, benzyl alcohol, and sodium 
benzoate.

The comparison of the MIC test values of microorgan-
isms tested with antibiotics before exposure to preserva-
tives and at 5, 15, and 30 days after exposure is shown 
in Figure 2. Overall, these findings indicate that expo-
sure to preservatives is associated with measurable, 

Figure 2.  Comparison of the MIC values (mg/L) of antibiotics against microorganisms exposed to preservatives for 0, 5, 15, and 30 days.
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time-dependent changes in MIC values across different 
microorganisms. In particular, twofold increases were fre-
quently observed at earlier (day 5) and intermediate (day 
15) time points, whereas fourfold increases were detected 
at later stages (day 30), especially in specific microorgan-
isms such as P. aeruginosa and C. albicans. The magnitude 
and timing of these changes varied depending on both the 
microorganism and the preservative agent. Throughout 
the exposure period, S. aureus exhibited a stable MIC pro-
file, whereas an overall increasing trend in MIC values was 
observed in the other microorganisms. Nevertheless, all 
observed increases did not exceed the resistance thresh-
olds defined in the relevant guidelines. These findings 
provide a systematic basis for further investigation of the 
potential effects of preservative exposure on antibiotic 
resistance.

DISCUSSION

This study reveals the effects of preservatives commonly 
used in dermocosmetic products on the resistance profiles 
of microorganisms representing the skin microbiota. The 
findings show that these agents not only exhibit antimi-
crobial activity, but also induce stress in microorganisms 
under prolonged exposure. This stress triggers adaptive 
responses and contributes to time-dependent changes in 
antibiotic resistance.

The fact that the initial values (Table 1) are within guide-
line limits supports the reliability of the study. Evaluation 
of initial preservative efficacy (Figure 1) showed that 
benzyl alcohol and methylparaben were more effective 
against bacterial strains, whereas potassium sorbate was 
less effective. These differences reflect variations in their 
mechanisms of action.

Benzyl alcohol acts through protein denaturation and 
membrane damage, while parabens affect membrane 
permeability and enzymatic systems. The greater effec-
tiveness of parabens against Gram-positive bacteria is 
attributed to their cell wall structure.41,42 In contrast, the low 
susceptibility of P. aeruginosa is consistent with intrinsic 
resistance mechanisms such as low membrane permeabil-
ity and strong efflux systems.43 The higher susceptibility of 
C. albicans is linked to the antifungal activity of potassium 
sorbate, as weak organic acids disrupt intracellular pH bal-
ance and inhibit metabolic processes.44

Time-dependent increases in antibiotic MIC values follow-
ing preservative exposure (Table 2) are among the most 
notable findings of the study. These increases were more 
pronounced in S. epidermidis, P. aeruginosa, and C. albi-
cans, while remaining more limited in S. aureus. The grad-
ual increase in MIC values over time (Figure 2) suggests an 
adaptation process rather than a sudden development of 
resistance. Increases observed at later time points indicate 
that prolonged and repeated exposure may create selec-
tive pressure, leading to the selection of less susceptible 
subpopulations.38

These changes are more indicative of adaptive tolerance 
than stable, clinically relevant resistance. Although the 
increases did not exceed clinical resistance thresholds,35,36 
they represent a potential long-term risk. Importantly, 
since MIC values remained within established clini-
cal breakpoints, their immediate clinical impact is likely 
limited. However, under real-use conditions involving 
repeated and prolonged exposure, these shifts may 
still contribute to the gradual selection of less suscep-
tible populations and should be considered in safety 
evaluations.

These findings are consistent with data reported in the 
literature indicating that sub-inhibitory exposures can 
trigger adaptive tolerance and physiological adaptation 
processes in microorganisms.38,45 It has been reported 
that low-dose and prolonged exposure, in particular, 
creates selective pressure, leading to gradual increases 
in MIC values.46 The time-dependent increase pattern 
observed in the study supports these adaptive response 
dynamics.

It is known that efflux pump activation and membrane 
adaptations play a role in reducing antibiotic susceptibil-
ity following exposure to preservatives.47 This situation is 
more pronounced, especially in Gram-negative bacteria. 
P. aeruginosa can respond rapidly to exposures due to its 
low membrane permeability and strong regulatory sys-
tems and may pose a high risk in terms of cross-resistance 
development.43 In contrast, in gram-positive bacteria, par-
ticularly in S. aureus, these changes have been reported to 
be more limited.48 In fungal species, the changes observed 
in C. albicans are known to be associated with efflux pumps 
(CDR, MDR), ergosterol biosynthesis pathways, and stress 
response mechanisms.49

When interspecies differences are examined, it is note-
worthy that S. epidermidis shows a more pronounced 
increase in MIC compared to S. aureus. This situation can 
be explained by the biofilm formation capacity of S. epi-
dermidis and its ability to adapt to environmental stresses. 
In addition, this species is known to be an important reser-
voir of resistance genes.50 These characteristics explain its 
tendency to exhibit more pronounced adaptive changes 
under preservative exposure.

From a clinical and real-life perspective, the repeated and 
prolonged use of dermocosmetic products may lead to 
continuous low-dose exposure of the skin microbiota to 
preservatives, creating sustained selective pressure and 
promoting microbial adaptation over time. Since the skin 
microbiota acts as a reservoir for opportunistic pathogens 
and resistance genes,16 these changes may have implica-
tions not only for local but also systemic infections. These 
findings highlight the importance of optimizing preserva-
tive systems in product formulations. The use of minimal 
effective concentrations and appropriate preservative 
combinations may help reduce unintended microbial 
adaptation while maintaining product safety and stability.
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Among the strengths of this study is the time-dependent 
evaluation of multiple preservatives on clinically important 
microorganisms. However, the main limitations of the study 
are that in vitro conditions do not fully reflect the com-
plex structure of the skin environment and that molecular 
mechanisms have not been directly investigated.

CONCLUSION

In conclusion, it has been demonstrated that exposure to 
dermocosmetic preservatives may lead to time-dependent 
changes in the antibiotic susceptibility of microorganisms. 
Although these changes have not reached the level of clin-
ical resistance, they suggest that adaptive responses may 
develop under prolonged exposure conditions. Therefore, 
the safety of preservatives should be evaluated not only 
in terms of antimicrobial efficacy but also in terms of their 
potential effects on resistance development.
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