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Life on skin: Personal Care Preservative 
and Skin Microbiota, a preliminary study

Many environmental (temperature, humidity, salinity, 
light exposure) and host factors (age, sex, immune/
hospitalization status, hygiene, use of medications/

cosmetics, presence of trauma) can alter the 
ecosystem of the skin, with resulting changes 
in microbial populations. Activities that seem 
trivial to us, such as taking a shower, may be 
the equivalent of a hurricane to the microbes 
inhabiting the skin, with changes in landscape 
and population structure (4).

No need to panic, it is obvious that a good 
shower never killed anyone! In any case we 
think it can be really interesting to evaluate 

how and if cosmetic ingredients (that we daily 
apply on our skin) could have effects on the skin 
microbiota Eubiosis. 

SKIN MICROBIOTA: WHAT’S INSIDE?

Across the 1.8 m2 of skin surface, 1 million 
bacteria reside per square centimetre for 

a total of over 1010 bacterial cells covering 
a human (6). According to literature, the majority of this 
microorganisms are Gram-positive bacteria, in particular, 
in sebaceous areas of our body there is predominance of 
Corynobacteriaceae and Propionibacteriaceae families and 
Actinobacteria class, whereas moist sites see the prevalence 
of Staphylococcaceae and Corynobacteriaceae families, 
together with Proteobacteria phylum. In dry areas of our 
skin Bacteroidetes and Proteobacteria seem to be the most 
present (5).

The fi rst step of our 
experimental research, aimed 
at investigating the effects of 
specifi c cosmetic ingredients 
on the skin microbiota 
composition, was the isolation 
of microorganisms from the 
clean face (no personal 
care product used before 
sampling) of twenty women, 
aged from 20 to 49, in general 

good health. Samples were individually collected from the 
forehead and cheek by using sterile soaked swabs, and 
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Question: “To list essentials human body 
parts?”. 
Ok, I can do it! What is essential to life are 
the Nervous - Endocrine – Respiratory – 
Digestive – Circulatory – Muscular – Urinary 
and Integumentary systems, plus the 
reproductive organs. 
“Correct, but incomplete”
What!? I started from the head and went 
down to the feet, and I am pretty sure I listed 
everything that enables human life on earth, 
what else is needed for us to survive this 
beautiful and complicated planet?
It is interesting to know that recent 
studies reported Microbioma so important 
for human lives, to be considered as an 
additional organ essential to human life (1) 
… Exciting! Microbioma / Microbiota, you’d 
agree, it is THE new cosmetic topic. 

SKIN MICROBIOTA: WHY THIS SUDDEN INTEREST?

The general idea we have of our skin 
corresponds to the largest body organ, acting as an 
interference between human body and the external 
environment, preventing loss of moisture and barring 
the entry of foreign pathogens (2); again it is true, but 
incomplete! In fact, the skin is also a complex microbial 
ecosystem, where interactions between keratinized 
cells, immune cells and microbes integrate the process 
of maintaining skin’s physical and immune barrier under 
homeostatic healthy condition and multiple stresses (3). 
Today, microorganisms colonizing our skin are no longer 
perceived as potential pathogens, on the contrary, a 
symbiotic relationship, characterized by mutualism occurs 
between us and our skin biota: microorganisms live in 
peaceful coexistence with the host, benefi ting from the 
sheltered ecological niche and playing an active role in 
host defence. In fact, to colonize our skin, foreign pathogens 
must compete for nutrients and space with our skin fl ora (4), 
moreover, some of its inhabitants provide vital functions that 
human genome has not yet evolved (5). Skin microbiota 
is as important as delicate; what is essential to guarantee 
its vitality and activity is a state of health characterized by 
balance and equilibrium of the different species composing it, 
this refl ects in what is commonly known as Microbiota Eubiosis. 

Cheek sampling
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kept in 10 ml tubes fi lled with 
the soaking solution (SRK 
Rinse solution) at 4°C until 
the processing step that 
promoted microorganisms’ 
detachment from the 
swabs. For each volunteer a 
“forehead microorganisms 
pool” and the analogous 
“cheek pool” was obtained. 
To evaluate the composition 

of the 40 isolated pools, aliquots of each were plated onto 
TSA agar and then analysed after 48-hours incubation at 
37°C. The plates analysis showed a low variability intra and 
inter person: among the 40 pools, 7 predominant morphology 
of bacterial colonies were selected and further analysed 
through biochemical and genomic identifi cation. Results, 
reported in Table 1, confi rmed literature data about skin 
microbiota composition: prevalence of Gram-positive 
bacteria, in particular of the Staphylococcaceae family. 

PERSONAL CARE PRESERVATIVES AND THE SKIN MICROBIOTA

Being Preservatives ingredients added to cosmetic formulas 
to prevent microbial spoilage, it is reasonable to wonder 
whether their antimicrobial effi cacy could be or not carried 
out also against skin microorganisms, thus interfering with 
their Eubiosis. In light of this doubt, we selected a couple 
of well-known Cosmetic Preservatives (Phenoxyethanol 
and DMDM Hydantoin) and compared their antimicrobial 
effi cacy versus skin microorganisms’ pools isolated from our 
volunteers face, with the effi cacy versus a standard Gram-
positive microorganism used in Personal Care Challenge Tests: 
Staphylococcus aureus ATCC 6538.

Phenoxyethanol is the most used cosmetic preservative 
worldwide, it is listed in Annex V of European Cosmetic 
Regulation 1223/2009, admitted in both leave on and rinse 
off applications at the maximum concentration of 1%; its 

antimicrobial effi cacy is performed at cell membrane, 
increasing the permeability to potassium ions. Certain studies 
report that Phenoxyethanol has a direct inhibitory effect on 
the synthesis of DNA and RNA (7). DMDM Hydantoyn, is also a 
Cosmetic Preservative approved by the European Cosmetic 
Regulation (Annex V) and admitted at a maximum dosage of 
0.6% in both leave on and rinse of. Its mechanism of action is 
different from the one of Phenoxyethanol, and it is based on 
formaldehyde release.

The antimicrobial effi cacy of the two Preservatives was 
previously investigated through MIC test (Minimum Inhibitory 
Concentration) performed versus standard microorganisms 
used to evaluate the microbiological stability of fi nished 
cosmetic products: Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli, Candida albicans and 
Aspergiullus brasiliensis. Results, showed in Table 2, are 
consistent with those reported in literature.

Considering the predominance of Gram-positive bacteria, 
belonging to the Staphylococcaceae family, in the pools 
isolated from volunteers’ skin (Table 1), we considered 
appropriate to relate the effi cacy that Phenoxyethanol and 
DMDM Hydantoin have on our Pools, to the effi cacy on S. 
aureus, just reported above. This comparison is reported in 
Table 3. Phenoxyethanol dosed at 0.2% showed no inhibitory 
effi cacy on S. aureus, nor on any of the isolated pools. 
On the contrary, at 1.0% it can inhibit both the standard 
strain and all the tested pools; an intermediate dosage 
of Phenoxyethanol (0.5%) does not infl uence vitality of S. 
aureus, but it was found able to inhibit the growth of nearly 
half of the tested pools. As for DMDM Hydantoin, whose 
inhibitory effects vs S. aureus is carried out starting from 
0.1%, the activity on pools was observed already at the 
lowest concentration tested (85% of pools inhibited at 0.05% 
dosage) and complete starting from 0.1%. 

Phenoxyethanol and DMDM Hydantoin can still be 
considered safe ingredients to be used? Yes, of course! Why 
shouldn’t they?! It is evident that this experimental approach 
is a preliminary analysis of our Microbiota study project; 
we did not yet correlate the action of cosmetic ingredients 
with the microbiota Eubiosis, whereas we just focused on a 
small part of all the microorganisms actually present on our 
face skin (those able to grow in the cultivation conditions 
we adopted). Another relevant consideration, is the fact 
that the way our isolated pools responded to increasing 
dosages of Phenoxyethanol and DMDM Hydantoin, is 
probably different from how they would have behaved if 
treated in vivo. In addition to what we said, it is signifi cant to 
note how both Preservatives demonstrated an antimicrobial 
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Swab tube after sampling

Table 1. Biochemical (API Test) and Genomic (Bact16S/ITS –NCBI database) 
identifi cation on the seven predominant isolated cell morphology 

Morphologies of bacterial colonies of pools isolated from volunteers’ 
face reveals low variability intra and inter person

Table 2. Minimum Inhibitory Concentration (%) of Phenoxyethanol and 
55% solution of DMDM Hydantoyn into water.
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activity (vs. pools and vs S. aureus) 
at concentrations lower than the 

maximum authorized by the 
European Cosmetic Regulation; 
nevertheless, it is quite common 
to fi nd these and also other 
cosmetic Preservatives, dosed 

at the maximum authorized 
concentration in fi nished formulas 

(this to sleep well in bed at night?!), 
not considering the dose-dependent effect 

that characterizes preservatives and all other cosmetic 
ingredients’ effi cacy. On the contrary, also in light of 
our preliminary results, it would be recommendable to 
dose preservatives according to their effi cacy in each 
different formulation, in order to have a dosage that 
inhibits pathogens growth in the formula and, at the same 
time, enables skin microorganisms’ regeneration and 
maintenance of the microbiota Eubiosis.

CONCLUSIONS AND FURTHER STUDIES

The knowledge of skin microbiota we get 
through this fi rst experimental approach 
is only the tip of the iceberg: the way 
experiment has been performed together 
with the selected cultivation conditions (how 
microbes are removed from the skin, aerobic/
anaerobic incubation, liquid media or agar plate, pH, 
osmolarity, temperature, nutrients) determined number and types 
of microbes found in our pools. No in vitro cultivation system can 
duplicate the exact environment found on the skin (4). Aiming 
at discovering more about how and if Preservatives could act 
on the skin microbiota composition, we are working on a new 
protocol that foresees in vivo application and metagenomics 
analysis. This will be discussed in the next episode, stay tuned!   

This project of study has been developed in partnership 
and thanks to Complife Italia S.r.l., Università del Piemonte 
Orientale and ROELMI HPC S.r.l.
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Table 3. Inhibitory effect of Phenoxyethanol and 55% solution DMDM 
Hydantoin on S. aureus (ATCC 6538) and on the pools isolated from 
volunteers’ face.

Our Skin Microbiota 
project is a work in 
progress, this was 

just the beginning!

Antimicrobial 
Effi cacy ≠ 

Preservative max. 
authorized dosage


