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Skin microbiome-friendly cosmetics: 
Addressing challenges in formulating skincare  

and product evaluation

By Pascal Yvon, PharmD, MBA

The	human	skin	is	the	body’s	largest	organ	and	it	is	the	primary	interface	with	the	environment.	Amongst	the	skin	many	vital	func-
tions, the protective barrier function is one of the most important 1.	The	skin	provides	a	protective	barrier	between	the	inside	of	the	
body	and	external	harmful	effects	(UV	radiation),	or	agents	(chemicals,	pollution	particles),	or	against	the	invasion	of	pathogens 2.	
The	skin	represents	not	only	a	physical	barrier	but	also	as	an	immunological	one 3, 4.	Critical	elements	for	barrier	function	and	 
homeostasis	include	the	stratum	corneum	acidic	external	pH	(“acid	mantle”) 5, 6, 7	and	a	beneficial	relationship	between	host	tissue	
and	resident	microbial	communities 8.	

The skin microbiome: 
a critical ecosystem in health

The skin harbors a dense and highly diverse collection of mi-
croorganisms, bacteria, fungi, and viruses, i.e. the skin microbiota. 
Up to one billion bacteria inhabit a square centimeter of skin, 
hundreds of bacterial species can be represented, two groups can 
be observed, residents that permanently inhabit the skin and tran-
sients that can be found intermittently 9, 10, 11, 12. The acidic skin 

pH keeps the resident bacteria attached to the skin, whereas an 
alkaline pH (8–9) promotes the dispersion from the skin 13. They 
feed on basic nutrients that are present in sweat, sebum, and the 
stratum corneum 3, 10, 13. These microbial communities are part of 
the skin microbiome, the ecosystem that includes also their  
metabolites (secreted and metabolic products) and those of the 
host 14, 15, 16, 17, 18, 19. These microorganisms reside on the external 
inter-follicular epithelial surface and on the entire skin append-
age surface, extending into the epidermis, and dermis 10, 20, 21. 
Thus, this microbial community has the greatest potential to influ-
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ence human health 22. The skin microbiota diversity and balance 
are important for skin health 23, 24. Disruption, imbalance of the 
normal microbial composition, called dysbiosis, is associated with 
some skin disorders 25, 26, 27. The skin microbiome dynamics and 
functions as well as microbiome-based cosmetic ingredients and 
formulations have been recently reviewed 28.

Skin microbiome-friendly  
cosmetic formulation

With our better understanding of the skin microbiome and its 
beneficial role on the host, it is of interest that topical products 
have little or no effect on the ecology of the microflora 29. This is 
to consider in product formulation, in particular with specific 
populations such as infant skincare products 30. Potential effects 
on the microbiome may be generated by some formulation ingre-
dients and antimicrobial preservation compounds 29, 30, 31, 32, 33, 34. 
Selecting microbiome-friendly ingredients will support the micro-
biome-friendly final formulation goal.

1 / Formulation challenges

Cosmetics must be safe for human health in their foreseeable 
conditions of use, cornerstone of all regulations, and that includes 
the protection of users against microbial contamination within 
the product intended period of use. Formulations that have nutri-
ents (lipids, vitamins, etc.), aqueous products provide good con-
ditions for microbial growth. Cosmetic products are not required 
to be sterile, but they must comply to a level of microbiological 
quality. The products (i) must be free from the types of microor-
ganisms (i.e. absence of harmful ones) and numbers of microor-
ganisms (i.e. low quantity of non-pathogenic ones) that could af-
fect consumer health and product quality, and (ii) must prevent 
that microorganisms introduced during normal product use will 
also not affect consumer health and the product quality. Microbio-
logical limits listed in ISO 17516 provide a framework and are 
widely used by the cosmetic industry as international standard 35. 
Selecting appropriately raw materials and adhering to Good Man-
ufacturing Practice (GMP mandatory in Europe, recommended in 
the US) will support the goal of microbiological quality from the 
start. After production, protection against microbial growth/con-
tamination during product storage, shipment and use will support 
the same goal. For many cosmetic products, protection is achieved 
by using preservatives. EU regulation (EC) 1223/2009 defines pre-
servatives as “substances which are exclusively or mainly intend-
ed to inhibit the development of microorganisms in the cosmetic 
product” 36. They can be positively listed in some territories; e.g. 
in Europe, the regulation 1223/2009 lists the preservatives al-
lowed in cosmetics in its Annex V. In the US, there is no positive 
list of preservatives and the FDA considers preservatives in cos-
metics in the same way as the other ingredients, and the produc-
ers must take responsibility for the safety of their cosmetic prod-
ucts. Preservatives present a wide antimicrobial spectrum and are 
effective against product microbial contaminants but possibly 
also against residents of the skin microbiota that have a beneficial 
role. This can be a challenging situation: how can products pro-

tect users against microbial contamination, and at the same time 
respect the skin microbiome, microbial diversity and balance?

2 / Potential formulation approaches

2.1. Formulations including preservatives
It is beneficial to design products that provide protection 

against microbial contamination while minimizing the quantities 
of preservatives used in the formulations 37, 38. This will require 
some development work and final preservative concentrations 
will be specific of each formulation. The procedure for evaluating 
the antimicrobial protection of the cosmetic product will include 
performing the preservation efficacy test (or challenge test) such 
as described in ISO 11930 39.

2.2. Microbiologically low-risk cosmetics & self-preserving 
cosmetics

Microbiologically low-risk cosmetics are defined as any  
“product whose environment denies microorganisms the physical 
and chemical requirements for growth and/or survival”, per  
ISO 29621 40. It provides examples of products with a low risk of 
microbial growth due to physicochemical characteristics as fol-
lows: low water activity aw ≤ 0.75 (lipsticks), extreme formulation 
pH ≤3 (skin peels/glycolic acid) or ≥10 (hair relaxers), anhydrous 
(body oils), alcohol content ≥20% (hair sprays, perfumes), raw 
materials that can create an hostile environment such as organic 
solvents (nail enamels), aluminum chlorohydrate and related salts 
≥25% (antiperspirants), products which cannot be opened, single-
use products. Due to the product characteristics, they may not 
need to include preservatives. Also, selecting the right character-
istics will be necessary for a microbiome-friendly product goal as 
some may impact the microbiome.

Self-preserving cosmetics are characterized by a preservation 
strategy without the use of an ingredient classified as preservative 
such as in the positive lists of cosmetic regulations 41. This can be 
achieved using a combination of physicochemical, chemical and 
physical means, aimed at creating a hostile environment within 
the formula against microbial growth and at preventing the access 
of microorganisms into the product, a concept similar to the one 
in ISO 29621. Some of the critical factors involved include:  
a/ physicochemical preservation: low pH, low level of water activ-
ity, anhydrous formula, W/O emulsion, b/ chemical preservation: 
multifunctional antimicrobial ingredients, chelating agents,  
c/ physical preservation: packaging that can reduce, prevent  
contamination (e.g. airless dispensers, pumps); its selection is a 
critical step 42, 43. Combining the factors creates cumulative, pos-
sibly synergistic, effects, allowing the use of reduced amount of 
any of them, while still being effective (hurdle technology  
approach) 44, 45, 46, 47, 48, 49. The selection of the various ingredients 
and components of the preservation system will depend on the 
product formulation/design and will be specific for each product.

Per ISO 11930, for those cosmetic products for which the mi-
crobiological risk has been determined to be low (Annex A and 
ISO 29621), the preservation efficacy test is not required.
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3 / Potential evaluation approach

The evaluation approach of the developed microbiome-friendly 
cosmetic product can comprise three main elements as follows.

3.1. Impact on the skin microbiome studies
The studies will determine if the formulation causes any sig-

nificant alterations in the relative composition of the microbiota 
(as per the recommended conditions of use, targeted user popula-
tion, and area of application). The impact can be evaluated with 
in vitro and clinical studies, involving technologies such as 3D 
skin models, metagenomics, metaproteomics, metabolomics.

3.2. Stability studies
The studies will be performed over time on unopened product 

(in commercial packaging) and simulating in-use by consumers. It 
will determine the microbiological, physical and chemical quali-
ties and properties over time, thus ultimately establishing shelf 
life, period after opening (PAO), recommendations for storage 
and use. In the EU, the cosmetic regulation 1223/2009 requires 
that cosmetics with a shelf-life inferior to 30 months have an ex-
piration date on the packaging. In the US, there are no laws or 
regulations that require cosmetics to have specific shelf lives or 
have expiration dates on their labels. However, manufacturers are 
responsible for making sure their products are safe and the FDA 
considers determining a product’s shelf life to be part of the man-
ufacturer’s responsibility.

3.3. Evaluation of the antimicrobial protection  
of the cosmetic product 

ISO 11930 provides a procedure based on careful consideration 
of the following points:
• Results of the preservation efficacy test, if performed,
• Formulation characteristics and data provided by the microbio-
logical risk assessment. The analysis of the microbiological risk 
assessment is based on an overall approach. In particular, it inte-
grates variables such as characteristics and composition of the 
formulation, its production conditions, the characteristics of the 
packaging in which the formulation is delivered to the market 
place, recommendations for use of the cosmetic product and, 
when relevant, the area of application and the targeted user pop-
ulation. 

Conclusion

Our better understanding of the skin microbiome functions and 
dynamics as well as its important role for skin health is a big op-
portunity for cosmetic formulators and companies. It is of interest 
to have a holistic approach in developing products and include 
considerations about the skin microbiome. The increasing availa-
bility of advanced technologies will support product innovation 
and claims substantiation.
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