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The skin is the largest organ and one of its main functions is to o� er 
external defense against pathogens.1 It hosts a diverse range of 
organisms, such as bacteria, fungi and viruses.2, 3 Most of the early 

literature on skin microbiota was focused on the pathogenic microbiota.4

It is shown that skin � ora is an essential factor of host defense.5,6 The range 
of bacteria in the normal human skin � ora is separated into three groups: 
1) Gram-positive bacteria: Propionibacterium species (spp.); Staphylococcus
spp., Corynebacterium spp., Brevibacterium spp., Micrococcus spp., 
Kytococcus spp, Dermacoccus spp.; 2) Gram-negative bacteria: Coccoria spp. 
and Acinetobacter spp.; 3) Malassezia furfur, which is the most common 
yeast.6-8 These microorganisms are mostly the superfacial � ora of the 
stratum corneum layer, while Propionium bacterium, Staphylococcus
spp. and Malassezia spp. are also found in adipose follicles.9 Some of 
these commensal and symbiotic organisms have vital function in lipid 
metabolism, resistance to colonization of pathogenic organisms, and 
stimulation of the immune system.8 The micro� ora di� ers from person 
to person and even in di� erent anatomical body sites, representing the 
role of regulatory factors in the diversity of micro� ora. Environmental 
factors include temperature, humidity, and exposure to light, and host 
factors consist of age, sex, hospitalization status, health, medication use 

(antibiotics/steroids), and nutrition. Additionally, soap and cosmetic use 
can alter the skin's ecosystem, leading to alternations of the cutaneous 
micro� ora.10

Similar to other pharmaceutical products, cosmetics should be 
protected against any microbial contamination to assure safety 
and prolong storage.12 Water, oils, peptides, and carbohydrates 
used in cosmetics provide a suitable environment for germs to 
grow. Manufacturers add preservatives to their products to inhibit 
contamination. Therefore, the risk of transmitting infectious agents 
to cosmetics is very low. However, preservatives remain active on the 
skin upon application of the products. As a result, the micro� ora of the 
skin may alter with continuous use of cosmetics.12 For example, in the 
treatment of acne, products might contain an antimicrobial agent or an 
antibiotic as the active compound. In this case, short-term complications 
are minimal, but long-term complications are di�  cult to predict. 
Increasing the use of an antibiotic-containing product might lead to an 
increase in the population of antibiotic-resistant micro� ora.13 Additionally, 
it has been observed that short-term use of 0.5 to 5% methylparaben in 
cosmetics has a signi� cant e� ect on the inhibition of Propionibacterium 
acnes and Staphylococcus epidermis.13
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Commonly used preservatives, such as 
parabens, formaldehyde, formaldehyde 
releasers, methylisothiazolinone, triclosan, 
and chlorhexidine are usually used in cosmetic 
markets.13 The e� ect of chemical preservatives 
used in cosmetics on facial skin micro� ora is 
still unclear, and only a few studies have been 
conducted on the topic.11, 14-18

OBJECTIVE
The present study was designed to evaluate 

the e� ects of seven common preservatives on 
facial skin micro� ora, including methylparaben, 
propylparaben, butylparaben, phenoxyethanol, 
benzyl alcohol, isopropyl alcohol, and 
benzalkonium chloride. These seven 
preservatives are commonly used in cosmetic 
products in Iran where the study was conducted.

METHODS
Study design. The present study was 

performed at the Center for Research and 
Training in Skin Diseases and Leprosy at Tehran 
University of Medical Sciences in 2019. Fifteen 
healthy volunteers, aged 20 to 35 years, 
were enrolled. Exclusion criteria included 
use of topical and oral antibiotics and facial 
moisturizers within 24 hours before the study 
period. 

Ethics. The ethics approval was obtained 
from the Ethics Committee of Tehran University 
of Medical Science (Tehran, Iran). The personal 
information of the participants has been 
reserved in accordance with the ethical 
principles provided by Good Clinical Practice 
(GCP), and all participants provided written 

informed consent prior to initiating the study. 
Preservative products. The seven tested 

preservatives included phenoxyethanol, 
propylparaben, methylparaben, benzyl alcohol, 
benzalkonium chloride, alcohol 70%, and 
butylparaben (Merck; Kenilworth, New Jersey). 

Intervention. To evaluate the e� ect of 
the preservatives on skin micro� ora, the 
participants were assigned to use a variety of 
Iranian cosmetic products, such as sunscreens, 
moisturizers, anti wrinkle, cleansers, etc. 
The contributors did not apply any cosmetic 
preparations for 24 hours before the sampling. 

Microbial assessments. Three 
asymmetrical sites were chosen due to the 
easy sampling procedure and symmetrical 
locations (Figure 1) of the cheeks of the 
participants were sampled using a sterile swab 
soaked in normal saline 95%. Each sterile swab 
was cultured onto plates containing tryptic 
soy agar (TSA) (Lio� lchem, Italy), saboroud 
dextrose agar (SDA) (Merck; Kenilworth, New 
Jersey), and Dixon (Qlab, India). All plates were 
incubated at 37°C for 24 to 72 hours, based on 
the expected organisms. The microorganisms 
were initially identi� ed using direct microscopy 
and subculture on blood agar (Merck; 
Kenilworth, New Jersey), TSA, mannitol salt 
agar (Lio� lchem, Italy), chrome agar Candida
(Chrome Agar, France) and Dixon cultures, and 
their counts were statistically compared. 

Molecular identi� cation of isolates. 
DNA was extracted using the boiling method. 
The internal transcribed spacer (ITS) region 
of fungi was ampli� ed using the primers 
ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and 
ITS4 (5'-TCCTCCGCTTATTGATATGC-3'). The 
bacteria were subjected to PCR using the 
338-F (5 '-ACTCCTACGGGAGGCAGCA-3') and 
806-R (5 '-GGACTACHVGGGTWTCTAAT-3') 
se2312-F (5'-TTGAGCTTGTCATTGGTTCG-3') 
and S. epidermidis se2312-R 
(5'-TGTAGAGGTTGCACGTCGAG-3'), respectively. 
Each mixture contained 12.5μl of premix, 1μl 

of DNA template, 0.3μM of each primer, and 
enough water to reach a � nal reaction volume 
of 25μl. Negative controls (water instead of 
fungal DNA) were added to each PCR. The 
reaction mixture was initially denatured at 
95°C for � ve minutes, followed by 30 cycles of 
30 seconds at 94°C, 30 seconds at 56°C, and 45 
seconds at 72°C, and a terminal extension step 
of 72°C for � ve minutes. The PCR products were 
electrophoresed on 1.5% agarose gel in tris-
borate-EDTA (TBAE) bu� er and then observed 
and visualized using ultraviolet irradiation. The 
PCR products were subject to the sequence. 
The species were identi� ed using the BLASTn 
program.

Antifungal/antibacterial properties 
of preservatives. Preparation of fungal and 
bacteria inocula. The inoculum suspensions 
of fungi and bacterial strains were obtained 
from fresh cultures on SDA and thioglycollate 
broth, according to the broth microdilution 
of Clinical and Laboratory Standards Institute 
guidelines, respectively,1,19 by covering the yeast 
and bacteria colonies with 1000 μL of saline 
solution. The densities of these suspensions 
(yeast and bacteria) were subsequently adjusted 
to the optimal absorbance at 530nm and 0.5 
McFarland, respectively. Further dilutions in 
RPMI 1640 and thioglycollate broth medium 
were performed to obtain the � nal working 
density. 

The preservative products were evaluated 
for the fungistatic/ bactriostatic e� ect by 
the minimum inhibitory concentration (MIC) 
and the fungicidal/bactericidal e� ect by the 
minimum fungicidal/bactericidal concentration 
(MFC/ MBC). 

Determination of minimum 
inhibitory concentration (MIC) of 
preservative products. The serial dilutions 
of the preservative products were made with 
concentrations ranging from 0.0125 to 8mg/mL. 
100μL of each preservative agent was aliquoted 
in 96-well microplates (1 to 10 wells). Growth 

FIGURE 1. Locations of sampling were 2x2cm areas on 
both sides of the participant's cheeks

FIGURE 2. Growth on agar plates: A) Malassezia furfur; B) Staphylococcus aureus; C) Candida orthopsilosis; D) Candida 
albicans 
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and negative controls were contained. 100μL 
of RPMI1640/thioglycollate broth medium 
(TGB) and 100μL of fungal/bacteria inocula 
were added to the preservative agents. Also, a 
negative control was prepared using the 25 μL 
of preservative agent and 75μL of RPMI1640/ 
TGB. The plates were kept warm at 35°C for 24 
hours.

Determination of minimum fungicidal/
bactericidal concentration (MFC/MBC) The 
MFC/MBC was achieved by inoculating 20μL 
of the preparation that showed no evidence of 
growth in the MIC determination assays onto 
SDA/ TGB. The lowest concentration at which 
growth was not detected was documented as 
the MFC/MBC cut o� . The tests were performed 
two times. The standard strains of C. parapsilosis
ATCC 22019 and Staphylococcus aureus were 
used as quality controls in each run.

Statistical analysis. SPSS software (ver. 
19, SPSS Inc., Chicago) was used for statistical 
analysis. MIC and MFC/MBC were calculated for 
the tested isolates and the di� erences between 
the groups were determined using one-way 
analysis of variance (ANOVA). P-value ≤0.05 
was considered to be statistically significant.

RESULTS
Fifteen primary yeasts were isolated on 

CHROM and di� erentiated using PCR method as 
follows: C. albicans (n: 14; 93%), C. orthopsilosis 
(n: 1; 7%), and in one sample M. furfur was 
isolated on Dixon and using PCR method. 
Fifteen primary identi� ed cocci on mannitol salt 
agar media were identi� ed as Staphylococcus 
epidermis and 10 S. aureus, and opportunistic 
pathogens (Figure 2). No Gram-negative 
bacteria was detected. 

The used preservatives showed to inhibit 
the growth of fungus but failed to prevent 
bacterial micro� ora. The MIC and MFC/MBC of 
preservatives against the fungal and bacterial 

strains are shown in Table 1. In all cases, the 
MFC/MBC values were equal to the MIC values.

DISCUSSION
 In the present study, no signi� cant 

di� erences were observed in relation to the 
inhibitory e� ect of the tested preservatives 
between Candida spp. and Malassezia spp. 
(P-value ≥0.05), and all the tested preservative 
completely inhibited the growth of the yeasts at 
the lowest concentration (MIC= 0.3). The MIC of 
each preservative was lower than the maximum 
limit allowed by the Iranian Cosmetic Safety and 
Technical Speci� cation. 

 Parabens in the range between 0.015 and 
0.3% can block the electron and membrane 
transport systems.14 Paraben 0.4% was used 
as the highest amount in the formulations, 
reaching 0.8% when combined with other 
parabens.16 This group is more e� ective against 
� lamentous fungi and yeasts, which may 
explain the results.15 In a study, it was shown 
that phenoxyethanol, methylparaben and 
propylparaben exhibit antimicrobial activity 
against Staphylococcus epidermis and 10 
S. aureus, even in (MIC: 0.3).16, 17 Parabens, 
particularly propylparaben, exhibited the 
most potent antimicrobial e� ects, followed 
by phenoxyethanol, against S. epidermis and 
S. aureus, which were isolated from the skin 
samples.20, 21 The low e�  cacy of methylparaben 
and phenoxyethanol were also seen in S. 
epidermis and S. aureus of Chinese population.7

Conserving the homeostasis of the micro� ora 
may prevent skin complications. Using skin 
care products may a� ect the skin micro� ora 
and inhibit microbial contamination. Among 
the diverse microorganisms found in cosmetics 
are also resident commensal microorganism, 
which live on human skin. In the present 
study, the preservatives inhibited commensal 
yeasts, which could inadvertently change the 

skin’s innate defenses. Cosmetics’ preservatives 
should inhibit microbial growth within personal 
care products, without disturbing the skin’s 
micro� ora. The results of the present study 
indicate that disruption of the fungal cell wall in 
nonspeci� c targets might result in disturbance 
of skin’s micro� ora balance.

CONCLUSION
The aim of the present study was to help 

select an alternative approach to preserve 
micro� ora and at the same time, prevent 
growth of pathogenic bacteria and promote the 
delicate balance of the cutaneous micro� ora.
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