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Assoc. Prof. Dr. Nina Kocevar Glavac, 

Editor in Chief

Dear Readers,
The first volume of the CosmEthically ACTIVE Journal has finally seen the light of day! The team 

that works ‘behind the scenes’ has put great efforts to follow our main goal: To bring you reliable 

information in the areas of cosmetic science and natural cosmetics.

Educational content covers many different aspects of cosmetic ingredients and natural cosmetics 

in general, from short professional articles to literature reviews and project presentations. Since 

the Modern CosmEthics association is actively involved in the CosmEthically ACTIVE certifica-

tion, we have included some articles to explain specific certificate criteria in order to make them 

transparent, using scientific evidence in their support.

Last but not least, the publication of the CosmEthically ACTIVE Journal, Volume 1, 2021, has been 

made possible by the support of companies that have already gone through this demanding, yet 

challenging and inspiring period. Moreover, their work contributes significantly to the evolvement 

of natural and organic cosmetics towards the highest levels of quality and environmental friendli-

ness. On behalf of the Modern CosmEthics association, I would like to thank them sincerely!

Turn or scroll over the pages to see what we have prepared for you. Enjoy the read and then care-

fully think about how we as individuals can contribute to better cosmetics formulating practices 

and to a better cosmetics world, to better consumption habits and to greater sustainability. Every 

small step matters!

Sending you CosmEthically ACTIVE wishes.

https://vm.tiktok.com/ZM8v4TuqN/
https://www.facebook.com/ModernCosmEthics
https://www.instagram.com/moderncosmethics/
https://www.linkedin.com/company/cosmethicallyactive/
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CosmEthically ACTIVE certificate –  
Creating a new era of cosmetics

Assoc.	Prof.	Dr.	Nina	Kocevar	Glavac,	M.	Pharm.
University	of	Ljubljana,	Faculty	of	Pharmacy,	Ljubljana,	Slovenia
nina.kocevar.glavac@ffa.uni-lj.si

ABSTRACT

CosmEthically ACTIVE is the first certificate that pursues an integral approach to the evaluation of natural cosmet-

ics. It is based on the scientific assessment of a cosmetic product, and reviews the product’s composition by envi-

ronmental aspects, level of dermal compatibility, concentration of cosmetically active ingredients and principles of 

rational formulating. Cosmetically ACTIVE strives for a fair, evidence-based communication of activity claims, and 

high ecological and dermal acceptability of natural cosmetics.

Keywords: certificate, cosmethically active, natural cosmetics
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FOR STARTERS…

Cosmetic products are an indispensable part of our 

lives, driving the cosmetics industry to be one of the 

most innovative and lucrative economic sectors. New 

cosmetics are launched continuously with the aim of 

meeting consumers’ demands for active, skin-friendly 

and natural products, as well as manufacturers’ de-

sires for innovation and continuous progress.

Following the needs of today’s consumers and emerg-

ing environmental issues have contributed to the 

natural cosmetics sector becoming mainstream. 

However, a wave of different views on naturalness 

has washed over us in recent years. With no clear reg-

ulatory stand point, we’re getting lost in an avalanche 

of opinions and labels, some that truly fight for the 

benefit of natural cosmetics and others that mislead 

us through greenwashing.

That’s where the CosmEthically ACTIVE certificate 

(1) plays an important role.

NEW CONCEPT OF COSMETICS 
EVALUATION

CosmEthically ACTIVE (Fig. 1) is the first certificate 

that pursues an integral approach to the evaluation of 

cosmetics:

• CosmEthically ACTIVE reviews a cosmetic product 

not only by the naturalness of the ingredients from 

both the dermal and environmental aspects, but 

also by the concentration of the cosmetically active 

ingredients and the science-based evidence behind 

them.

• CosmEthically ACTIVE establishes cosmetics that 

are based on the skin’s physiological needs and 

formulated rationally following the “less-is-more” 

principle.

Figure 1: The CosmEthically ACTIVE logo.

A huge added value and uniqueness of the 

CosmEthically ACTIVE certificate comes from the ev-

idence-based approach of a product’s integral evalua-

tion, which is represented by a scientific assessment 

of a cosmetic product during the certification process, 

made by independent scientists professionally active 

in the area of cosmetology. Scientific evaluation based 

on the principles of skin physiology and modern cos-

metology is a guarantee that CosmEthically ACTIVE 

certified products are of the highest quality and tru-

ly natural, active, skin, animal and environmentally 

friendly.

CosmEthically ACTIVE allows you to immediately 

recognise products that are rationally formulated 

with ingredients of the best skin and environmental 

acceptability, and whose cosmetic activity is support-

ed by the highest level of science-based knowledge.

WHY CONCENTRATION MATTERS?

In technological terms, a cosmetic product consists 

of cosmetically active ingredients, the ingredients of 

a vehicle and various other ingredients, e.g. preserv-

atives and perfuming ingredients (2). Cosmetically 

active ingredients are mainly responsible for the de-

sired, specific skin care effects such as antioxidative 

effects. Marketing claims are therefore primarily 

based on the presence of cosmetically active ingre-

dients and their cosmetic effects. Without a suitable, 

i.e. sufficient concentration, however, no significant 

activity can be expected.

Unfortunately, cosmetic regulations are poorly de-

fined in this respect. There is currently no strict re-
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quirement that would back the consumer, and offer 

or evaluate information regarding the content of cos-

metically active ingredients, or at least ensure that a 

cosmetic product is truly of acceptable quality in this 

respect. This generally allows cosmetic manufactur-

ers to hide behind their claims and include only the 

minimum, and not necessarily the effective, quantities 

of cosmetically active ingredients.

The CosmEthically ACTIVE certificate provides you 

the certainty of an evidence-based cosmetic product, 

formulated using nature-friendly ingredients at cos-

metically active concentrations.

THE HIGHEST STANDARDS – SERVING 
THE SKIN AND NATURE, AND THE 
CONSUMER

Natural and organic cosmetics have evolved in an ex-

tremely positive way in the past decade. We welcome 

and deeply respect the hard work of those who came 

before us. The time has come, however, to take an im-

portant step further.

The following objectives reveal our mission, vision 

and values:

• With the CosmEthically ACTIVE certificate, we 

are establishing a concept of active cosmetics 
that contain the right ingredients in suitable con-

centrations to deliver the desired skin effects. Our 

mission is our promise to counter empty claims and 

misleading advertising.

• During the certification process, a cosmetic prod-

uct’s composition is scientifically evaluated based 

on the principles of skin physiology and modern 

cosmetology. Our basic criterion is to ensure high 

dermal compatibility.

• Rational cosmetic products are demanded: indi-

vidual ingredients must be selected on a case-by-

case basis, based on their functions, the desired 

cosmetic activity and technological and sensory 

aspects, and their total number should be kept to a 

minimum.

• CosmEthically ACTIVE follows strict criteria to 

achieve the highest possible level of environmental 
protection. Only ecologically acceptable cosmetic 

ingredients that are highly degradable are allowed.

COSMETHICALLY ACTIVE CERTIFICATE 
MAKES A DIFFERENCE!

The major difference between the CosmEthically 

ACTIVE and other certificates of natural cosmetics 

is that CosmEthically ACTIVE examines evidence 
of the cosmetic activity of a product by identifying 

the cosmetically active ingredients and, even more 

importantly, evaluating the concentrations of those 

ingredients in a cosmetic product. During the certifi-

cation process, an independent scientific assessment 

of a cosmetic product’s composition is made by a sci-

entist professionally active in the fields of cosmetol-

ogy, pharmacognosy, pharmacy and chemistry, with 

competencies in the area of cosmetic formulation and 

in-depth knowledge about ingredients of natural ori-

gin (3).

The basis of the CosmEthically ACTIVE certificate 

lies in the standards of existing natural cosmetics cer-

tificates, but goes a step further toward the skin and 
environmental compatibility. It doesn’t look solely at 

the naturalness of an ingredient or formulation, but 

also at its ecological and dermal impacts. For example, 

a natural shampoo with pH 7 cannot be approved be-

cause that pH value is not physiologically compatible 

with the human scalp.

Another crucial yet difficult characteristic of 

CosmEthically ACTIVE is the list and content of ap-

proved cosmetic ingredients. In general, other certifi-

cation institutions for natural and/or organic cosmet-

ics define the minimum and/or maximum content of 

substances that are considered natural and substanc-

es that are considered processed or derivatised.

CosmEthically ACTIVE follows a completely differ-
ent approach because a shift has been made from 

naturalness to activity and the evaluation of a prod-

uct as a whole, but without making compromises with 

regard to environmental aspects. We strongly believe 

that such a concept is based on a rational under-
standing of modern cosmetology and principles of 

about:blank
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sustainability, and makes the CosmEthically ACTIVE 

certificate one of the strictest certification systems at 

the global level, strongly oriented towards the healthy 

and ethical future of our planet.

To explain in more detail, CosmEthically ACTIVE cri-

teria are not based on percentages of substances. 

Ingredients are not explicitly categorised into natural 

and processed or derivatised ingredients, but into in-

gredients that are permitted and those that are not 

permitted. Consequently, the CosmEthically ACTIVE 

logo does not distinguish between different natural 

or organic categories. The focus is based on the in-
tersection of cosmetic activity/performance, the 
naturalness and environmental impacts of ingredi-
ents, and dermal compatibility.

With regard to naturalness, we believe that we have 

made a highly beneficial compromise towards envi-

ronmentally acceptable (semi)synthetic ingredients 

by permitting (3):

•  Condition 1: Substances of natural, semisynthetic 

or synthetic origin that are structurally identical 

to substances naturally present in the human body 

and in our environment (e.g. in the plant, fungi and 

animal worlds, and of mineral origin, except petro-

chemical-derived cosmetic ingredients); 

•  Condition 2: Substances of semisynthetic or syn-

thetic origin that are composed from the body’s or 

environment’s own building blocks into which they 

are subsequently broken down; and

•  Condition 3: Substances of semisynthetic or syn-

thetic origin with a high rate of (bio)degradability 

into substances structurally identical to the body’s 

or environment’s own substances. However, those 

ingredients are only permitted when, due to specif-

ic chemical or technological characteristics, there 

is not a suitable replacement with substances com-

plying with condition 1 or 2.

WHY US

Progress in modern cosmetics, including a wide pal-

ette of cosmetic ingredients, technological solutions, 

marketing strategies and cosmetic regulations, is 

going in the direction of implementing scientific ap-

proaches and scientific evidence. In an abundance of 

information, however, it has become difficult for us to 

recognise perspectives that truly follow values into 

which we believe.

This is what we strive to do with all our knowledge 

and hearts. Modern CosmEthics is an association of 

cosmetology professionals that creates the culture 

about:blank
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and awareness of natural, sustainable, ethical and 

cosmetically active products. With the professional 
and scientific background of our team, we strive for 

the establishment of natural cosmetics as a branch of 

high-quality cosmetics.

We believe deeply that this is the only possible long-

term future for cosmetics, cosmetic manufacturers, 

the users of cosmetics and our planet. There is a long 

road ahead of us, but a brave combination of knowl-

edge, experience, skills, stubbornness and love sup-

ports us on our journey.

Last but not least, we are also an advocate for change 

in consumer consumption habits, with an emphasis on 

reducing the overall consumption of cosmetic prod-

ucts. Use natural but use rational, and use less but use 

smart. What you apply is who you are.
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ABSTRACT

The global cosmetics market is growing steadily. From the aspect of both consumers and manufacturers, focus 

is shifting towards identifying and solving the issues of eco-friendliness and sustainability without compromising 

performance. Natural cosmetics and certification institutions strive to achieve the best possible impacts, with the 

CosmEthically ACTIVE certificate representing a new, science-based, integral approach to the evaluation of nat-

ural cosmetics. Finally, we as individuals have the choice of changing our habits and educating ourselves. For the 

benefit of our future.
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THE TIMELESS QUEST FOR BEAUTY…

... is driving the global cosmetics market to grow 

steadily, with estimated sales of more than €200 bil-

lion in 2019 (1). As a result of an ever-wider selec-

tion of cosmetic products, which are defined by the 

European Commission as ‘any substance or mixture 
intended to be placed in contact with the external parts 
of the human body or with the teeth and the mucous 
membranes of the oral cavity with a view exclusively 
or mainly to cleaning them, perfuming them, changing 
their appearance, protecting them, keeping them in 
good condition or correcting body odours’ (2), today’s 

consumers (rightfully) have higher expectations and 

more demands than ever.

SUSTAINABILITY, REDUNDANCY AND 
TRANSPARENCY

Increasing concerns about the safety of products and 

their environmental and social impacts have brought 

attention to sustainability in the cosmetic industry. 

How can we meet the needs of our population with-

out threatening future generations? An increasing 

number of educated consumers with easier access to 

scientific literature are becoming fonder of ingredi-

ents of natural origin, and are pushing companies to 

become ‘greener’ and consider sustainability through 

a cosmetic product’s entire life cycle, i.e. from the 

selection and sourcing of raw materials, processing, 

manufacturing, packaging and distribution, to use and 

disposal, and post-consumer use (3–6).

Simple formulations without redundant ingredi-
ents are desired, where each is added with a known, 

evidence-based purpose (7). When choosing ingredi-

ents, those that are of natural origin or highly degra-

dable and sustainable are preferred. They should also 

be responsibly sourced, ensuring that workers and 

communities involved in cultivation are treated fairly, 

both financially and ethically. Heavier focus must be 

placed on safety, both for the consumer, who expects 

safe, non-irritating products, and nature, which means 

the inclusion of ingredients that are organically culti-

vated, do not persist in the environment and are safe 

to all life forms. In terms of product safety, please be 

aware that generalising the concept that ingredients 

of natural origin are better for the skin or hair simply 

because they come from nature has no scientific ra-

tionale.

Finally, transparency is expected for what is in a for-

mulation and also where it came from.

FORMULATING NATURAL COSMETICS…

… becomes even more challenging when taking into 

account that consumers also expect quality, excellent 

and attractive sensory properties, and the best cos-

metic activity of a product. This is not easy to accom-

plish. The replacement of unsustainable ingredients 

(synthetic or natural) with sustainable ingredients 

with better skin and environment compatibility re-

quires a great amount of knowledge, investigation 

and testing.

Even with all of these difficulties, the shelves are al-

ready full of products labelled ‘natural’ and ‘organic’, 

yet how can we be sure they are trustworthy in this 

era of misinformation?

There are no harmonised definitions or criteria for 

natural and organic products, and this lack of regula-

tion in the industry provides a major opening for mar-

ket manipulation. A system of certification institu-
tions for natural cosmetics has evolved as a response 

and has become important, particularly from the per-

spective of consumers. Certification institutions have 

set their own parameters for the evaluation of cos-

metics for the purpose of labelling them ‘natural’ and 

‘organic’, where generally their criteria differ mainly 

through the percentages of minimum and maximum 

content of ingredients that are defined as natural and 

organic, and processed or derivatised. They also have 

different lists of chemical reactions that are permit-

ted for the derivatisation of natural substances.

We must keep in mind, however, that natural does not 

necessarily mean sustainable, as it does not imply any 

ethical, social, economic or environmental responsi-

bility. Generally, natural describes the origin of ingre-

dients, while organic describes agricultural methods 

used for cultivation. The sustainability of cosmetic 

ingredients encompasses a wider concept. Not only 
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the natural source and destiny after release into the 

environment, but also the way an ingredient was ex-

tracted, purified or processed should follow rules 

of sustainability, including a high level of (bio)degra-

dability into non-toxic and environmentally friendly 

compounds. We should also not forget that natural 

material is limited and should therefore be responsi-

bly sourced.

COSMETHICALLY ACTIVE

Through the CosmEthically ACTIVE certificate, our 

aim is to contribute significantly to the awareness and 

resolution of the aforementioned issues (8). CosmE-

thically ACTIVE follows a completely different ap-

proach of cosmetics evaluation because a shift has 

been made from assessing solely the naturalness of 

ingredients to assessing the activity and a cosmet-

ic formulation itself, but without making significant 

compromises with regard to environmental aspects. 

We strongly believe that such a concept is based on 

a rational understanding of modern cosmetology 
and the principles of sustainability, and makes the 

CosmEthically ACTIVE certificate one of the strictest 

certification systems at the global level, strongly ori-

ented towards the healthy and ethical future of our 

planet. 

To explain in greater detail, CosmEthically ACTIVE 

criteria are not based on percentages of substances. 

Ingredients are not explicitly categorised into natural 

and processed or derivatised ingredients, but into in-

gredients that are permitted and those that are not 

permitted. Consequently, the CosmEthically ACTIVE 

logo does not distinguish between different ‘natural’ 

or ‘organic’ categories. The focus is based on the in-

tersection of cosmetic activity/performance, the nat-

uralness and environmental impacts of ingredients, 

and dermal compatibility. We follow five main rules: 

nature above all when selecting ingredients; the use 

of ingredients in cosmetically active concentrations; 

rational formulations with no redundant ingredients; 

a high level of skin compatibility; and the pursuit of 

ethical principles with no animal testing. We are es-

tablishing the concept of active cosmetic products 

that contain the right ingredients in suitable concen-

trations to deliver the desired skin effects, but what is 

more, only physiologically and ecologically acceptable 

cosmetic ingredients that are highly biodegradable 

are allowed, to not only provide the best for the con-

sumer, but also for the planet and future generations. 
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YOUR CHOICE IS YOUR VOICE

In the end, how can we as consumers contribute 

to greater sustainability in the cosmetics industry? 

We should strive to change our consumption hab-
its, with an emphasis on reducing the overall use of 

cosmetics, and choose brands that are sustainability 

oriented. Given that scientific literature is easily ac-

cessible, we should educate ourselves, properly re-

view the ingredients of the products we use and then 

make decisions based on proven facts, not marketing 

trends. In addition, sorting and recycling cosmetics 
packaging or when possible choosing products with 

biodegradable or reusable packaging is an important 

step towards a sustainable future.
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ABSTRACT

The development of high-performing or active cosmetics has become to the means for satisfying the most demand-

ing consumers. However, rational and evidence-based formulating in the area of natural cosmetics goes way be-

yond mere regulatory and technological principles. The ultimate goal, which is an informed and satisfied consumer, 

can only be achieved by intertwining of actual cosmetic effects, and substantiated and truthful advertising claims.
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COSMETIC PRODUCT, MEDICINE OR 
BOTH?

Modern cosmetic formulating is heading in the direc-

tion of combining science and activity, which is a re-

flection of increasingly demanding consumers. Con-

sequently, marketing claims are becoming more and 

more daring, making it sometimes hard to distinguish 

between cosmetics and medicines. However, this fre-

quently happens without a true rationale behind a 

cosmetic product’s composition.

Whether a product is classified as a cosmetic or a 
medicine (drug) under the law is primarily deter-

mined by a product’s intended use (1–3). A substance 

or a combination of substances presented for treat-

ing, alleviating or preventing disease through phar-

macological, immunological or metabolic action is 

considered a medicine, as are products used with 

the aim of restoring, correcting or modifying physi-

ological functions through the exertion of a pharma-

cological, immunological or metabolic action. On the 

other hand, the main purpose of a cosmetic product 

is cleaning, perfuming, changing appearance, correct-

ing body odours, and protecting or maintaining the 

skin in good condition. However, maintaining the skin 

in good condition does not include the prevention of 

disease. The regulatory definition of a cosmetic prod-

uct is clear and strict. In the event of violation, the US 

FDA issues warning letters to companies that place 

unsubstantiated health or drug claims on products 

placed on the market as cosmetics, while national au-

thorities respond through the respective inspector-

ates in the European Union.

COSMETIC ACTIVITY AND ACTIVE 
COSMETICS

A typical cosmetic product therefore exhibits activ-

ity ‘only’ by supporting the skin’s barrier function, 

and its ingredients typically penetrate ‘only’ into the 

lowest layers of the epidermis. And this is precisely 

where marketing claims often forget science-based 

facts, as you have probably often read or heard claims 

such as deep penetration, highly effective treatment 

or high-performance active ingredients. Exhibiting 

activity ‘only’ through the skin’s barrier support may 

sound like a modest mechanism of action. However, if 

we understand the basics of skin physiology, we know 

that this is usually enough or even the best in terms of 

a common skin care routine.

(Modern) cosmetic products, however, can go be-

yond exhibiting a ‘single’ activity. Cosmetology as a 

science, and the cosmetic industry and cosmetics in 

general have become focused on the development of 

so-called active cosmetics. Active cosmetic products 

have an added value: they target the specific needs or 

conditions of the skin and therefore place priority on 

individuals’ needs and preferences. That level of ad-

vancement in knowledge, technological innovations 

and new or improved cosmetic ingredients has led to 

a shift from conventional to high-performance cos-

metic activity.

This is when cosmeceuticals entered the cosmet-

ics world, meaning hybrid products explained by the 

Cambridge English Dictionary as cosmetics that con-

tains the qualities of medicines (pharmaceuticals) (4). 

In other words, a cosmeceutical means a cosmetic 

product that contains a biologically active ingredient 

that expresses a pharmaceutical or therapeutic effect 

on the skin, for example antioxidants, retinoids, alpha 

and beta hydroxy acids, peptides and proteins, etc., 

all exhibiting activity in deeper layers of the skin, as 

well. However, we should be aware that the term has 

no meaning under the law, as those products have not 

undergone rigorous studies by manufacturers and 

regulatory agencies to ensure therapeutic effective-

ness, safety and quality, which are the three defining 

characteristics of a medicine (5, 6, 7). 

Nevertheless, the term is very attractive for advertis-

ing. However, promises of sometimes almost miracu-

lous activities often lack substance. This is where we, 

as educated consumers and professionals, should be 

very critical. This is also an aspect incorporated into 

the concept of the CosmEthically ACTIVE certifi-
cate (8).

Cosmetic activity is intrinsically linked to a well-

planned product, including the incorporation of cos-
metically active ingredients in evidence-based con-
centrations (1). The importance of using an ingredient 

at an active concentration, i.e. a concentration that is 

high enough to be able to express a desired cosmetic 

effect, such as moisturising or antioxidative effect, is 
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backed by extensive scientific research, and stands 

in deep contrast to cosmetic formulations containing 

the same cosmetically active ingredients but incorpo-

rated in insignificant concentrations. The latter is an 

example of empty advertising claims.

On the other hand, formulating active cosmetics 

should not mean putting more and more into the bot-

tle to satisfy the almost endless and insatiable desire 

for eternal youth. In contrast, excessive ingredients 
should be considered a burden to the skin or hair 

(and the environment). Even antioxidants with prov-

en effects can turn into pro-oxidants when their con-

centration is increased (9). Indeed, rational formulat-

ing, particularly with ingredients of natural origin, is a 

challenging task and requires a great deal of knowl-

edge, research and experience.

ADVERTISING CLAIMS

Finally, considering the high number of cosmetic 

products available, it should be of great importance 

to provide consumers with specific, understandable, 

accurate and reliable information, enabling them to 

make informed choices, compare products on the 

market and find those that best suit their needs and 

desires. Unfortunately, the cosmetic industry fre-

quently seems to leave consumers with advertise-

ment-based information that is vague and often omits 

information necessary to help consumer decision 

making (10, 11).

Due to a lack of enforcement in cosmetic marketing, 

manufacturers are left with the decision to respect 

the rules or not. In the US, the FDA regulates cosmet-

ic labelling claims, while the US Federal Trade Com-

mission (FTC) regulates advertising claims in print 

and other media, requiring them to be substantiated, 
truthful and not misleading (12). In the European 

Union, based on Regulation (EC) No 1223/2009, 

claims should not be used to imply that cosmetic 

products have characteristics or functions they do 

not have. With the aim of providing a high level of pro-

tection for end-users, Commission Regulation (EU) 

No 655/2013 established six harmonized, common 

criteria to assess the justification of a claim, including 

(13):

•  Legal compliance. Claims that convey the idea that 

a product has a specific benefit when this benefit is 

merely in compliance with minimal legal require-

ments shall not be allowed.

• Truthfulness. Claims shall not be based on false 

information; i.e. if it is claimed on a product that it 

contains a specific ingredient, that ingredient shall 

be present.

• Evidential support. Claims for cosmetic products 

shall be supported by adequate and verifiable evi-

dence.

• Honesty. Presentations of a product’s perfor-

mance shall not go beyond the available supporting 

evidence.

•  Fairness. Claims for cosmetic products shall be ob-

jective and shall not denigrate the competitors, nor 

shall they denigrate legally used ingredients.

•  Informed decision-making. Claims shall be clear 

and understandable to average end users, allowing 

them to make an informed choice. Marketing com-

munications shall be clear, precise, relevant and un-

derstandable.

Those are some of the cues that all of us involved in 

the cosmetics industry, from formulators, manufac-

turers, marketing experts to media, must keep in mind 

when communicating products and research, particu-

larly to consumers. It’s our responsibility and obliga-

tion to use cosmetic claims for what they should be: 

essential tools to inform consumers about the char-

acteristics and quality of a product. Claims should 

always be based on the truth, which requires honest 

evidence. Honesty, in turn, requires fairness, which in 

the end ensures an informed and satisfied consumer 

(14). And that should be our ultimate goal, right?
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There are not many compounds that are of such great importance to the skin, yet actually receive so little attention 

as glycerol. It is a natural component of our body and vital for the normal functioning of our largest organ, the skin. 

It is therefore not surprising that glycerol is also one of the key ingredients in cosmetics (being the second most 

frequently used ingredient after water) mostly due to its moisturising effect. Let’s get to know it a little bit better.
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BRIEF INTRODUCTION

There are not many compounds that are of such great 

importance to the skin, yet actually receive so little 

attention as glycerol. It is a natural component of our 

body and vital for the normal functioning of our larg-

est organ, the skin. It is therefore not surprising that 

glycerol is also one of the key ingredients in cosmetics 

(being the second most frequently used ingredient af-

ter water), mostly due to its moisturising effect. Let’s 

get to know it a little bit better.

WHAT IS GLYCEROL AND WHERE CAN 
WE FIND IT?

Glycerol or glycerin (chemically known as pro-

pane-1,2,3-triol and by the formula C3H8O3) is a 

clear, colourless, viscous liquid with a sweet taste. It is 

water soluble and hygroscopic, which means that it 

attracts and holds water molecules from its surround-

ings (1). It is able to retain its own weight in water in 

just three days (2)!

It is used in various sectors: in the food industry (as a 

sweetener, thickening agent and preservative), in the 

manufacturing of anti-freezing liquids, in medicine as 

a laxative, in cough syrups and dermatological prepa-

rations, in cosmetics as a starting material in the man-

ufacturing of cosmetic ingredients and even in the 

production of explosives (2).

Glycerol has a long history of use and an excellent 
safety profile. It is considered non-toxic, non-irritat-

ing and non-allergenic, and is classified by the U.S. 

Food and Drug Administration (FDA) as a generally 

recognised as safe (GRAS) substance. Glycerol ob-

tained from natural sources is included on the list of 

exemptions of REACH (the European Union regula-

tion governing the protection of human health and 

the environment from the chemical risks), Annex V 

(3–5).

It is a naturally occurring substance, but is rarely 

present in nature in its free form. It is found bound in 

the triglycerides of vegetable and animal oils and fats. 

A great majority of commercially available glycerol 

used worldwide is produced by splitting these oils 

and fats. However, it can also be produced syntheti-

cally (6).

Finally, in terms of skin-related facts, it is of the great-

est interest for us that glycerol is physiologically pro-

duced and also exhibits effects in our skin. It is derived 

from triglycerides in sebaceous glands and transport-

ed through aquaporin channels, which are proteins 

responsible primarily for epidermal water transport. 

Glycerol functions mostly as a moisturiser, which cor-

relates well with findings that the upper layer of the 

skin is more hydrated in sebaceous gland-enriched 

sites, such as the forehead or upper back (2).
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GLYCEROL’S NO. 1 EFFECT:  
SKIN MOISTURISATION

The outermost layer of the skin (more precisely, of 

the epidermis) is the stratum corneum, which is com-

posed mostly of corneocytes and an extracellular lipid 

matrix. It functions as a barrier between the body and 

the environment, and is responsible for preventing 

excessive water evaporation from the epidermis. If 

this function fails and there is a low water content in 

the stratum corneum, our skin becomes dry, scaly and 

flaky, all of which can result in pain and itchiness.

Maintaining optimal stratum corneum hydration is of 

the utmost importance for normal skin physiology, as 

water serves the function of a plasticiser in the stra-

tum corneum, improving softness and flexibility. In 

addition, it is indispensable for the normal functioning 

of stratum corneum enzymes. A very important role 

in keeping our skin moisturised is played by highly hy-

groscopic compounds both within and between the 

corneocytes, and one of these is glycerol (2).

Knowing this, it is no surprise that glycerol cannot be 

overlooked when checking the ingredient list on bot-

tles of moisturisers. So, what is glycerol’s true place 

in the flooded repertoire of moisturising compounds?

Moisturising agents are divided into three main 

types depending on their mechanism of action (7, 8). 

Humectants are hygroscopic substances that attract 

water into the outer layer of the skin from both the 

environment and from deeper skin levels. Glycerol is 

one of the most effective humectants, and the other 

well-known examples are hyaluronic acid, urea, pro-

pylene glycol and its natural alternative propanedi-

ol, and panthenol. Humectants are also important 

from a technological aspect, as they prevent water 

evaporation from a cosmetic product and prevent 

thickening. The second group, emollients, supply the 

epidermis with the skin’s own or similar lipids, for 

example vegetable butters and oils or synthetic tri-

glycerides, squalene, cholesterol and phytosterols. 

These compounds have also been shown to affect 

skin barrier function, cell signalling and membrane 

fluidity, all leading to improvement in the appearance 

and structure of the skin. Emollients typically form a 

semi-permeable layer on the skin, which reduces or 

inhibits transepidermal water loss (TEWL). The third 

type of moisturisers are occlusives, i.e. hydrophobic 

substances such as mineral oils, paraffin and silicones. 

They physically block water loss by forming an inert, 

impermeable layer on the top of the skin, trapping 

the moisture in, which again results in the inhibition 

of transepidermal water loss. However, conventional, 

petrochemical-derived occlusives are generally not 

permitted in natural cosmetics due to their damaging 

environmental impacts.

Dermally applied glycerol penetrates into the skin, 

while physiologically produced glycerol is transported 

through aquaporins from sebaceous glands, and then 

accumulates throughout the whole stratum corneum 

thickness and establishes a reservoir of water. How-

ever, water absorption may not be the only mecha-

nism of its action; it has also been shown to modify 

the water-binding properties of lipids and proteins in 

the stratum corneum, causing the expansion of cor-

neocytes and the intercellular matrix, which improves 

skin barrier functions, as well as the moisturisation of 

the skin. Numerous human studies, as well as in vitro 

and animal experiments, have proven the exceptional 

moisturising effect of glycerol (2, 9).

Keep in mind, however, that the formulation of a mois-

turizer and the concentration of glycerol also play a 

role in a final outcome. Never use it undiluted, as ap-

plying anhydrous glycerol actually causes skin dehy-

dration due to its high hygroscopy, i.e. the extraction 

of water from deeper layers of the epidermis, which 

usually results in the further drying of the skin (2).

OTHER EFFECTS OF GLYCEROL

Studies in human subjects have also shown:

• skin barrier repair,

• anti-irritant effect, and

• improvement of skin mechanical properties.

In vitro and animal studies have also shown promising 

results in wound healing, antimicrobial effect and pro-

tection against UV radiation (2, 7–9).

Let’s dive into each in these effects.
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Skin barrier function
As already mentioned, the outermost layer of our skin 

acts as the body’s first line of defence against environ-

mental stressors, such as mechanical, chemical and 

thermal stressors. An intact skin barrier is crucial for 

preventing excessive water loss and the penetration 

of exogenous substances that are potentially harmful 

to the body. These functions can only be performed 

by intact skin with the optimal organisation, both in 

terms of correct structural elements and interactions 

between corneocytes and intercellular lipids in the 

stratum corneum. Lipids can exist in liquid and sol-

id crystalline phases, and the right balance between 

these two is a prerequisite for the desired functioning 

of the skin barrier. Environmental factors that cause 

skin dryness were shown to induce transition into the 

solid crystalline phase and glycerol was shown to pre-

vent that transition. These research results are sup-

ported by a decrease in transepidermal water loss.

Anti-irritant effect
Glycerol’s reduction of irritant properties of co-ap-

plied irritant agents has been confirmed by numerous 

studies, using different irritants (sodium lauryl sul-

phate, acetone, dimethyl sulfoxide, sodium hydrox-

ide, etc.). One of the mechanisms was showed to be 

the reduction of pore radius in the stratum corneum, 

causing steric difficulties for the irritant to penetrate 

(into) the layer and impair skin’s barrier function.

Mechanical properties of the skin
To function as a shield against mechanical stress, the 

skin needs intact mechanical properties. Studies have 

shown a correlation between the hydration of the 

stratum corneum and the mechanical attributes of 

the skin – reduced hydration accounts for impaired 

skin elasticity, deformability and epidermal plasticity. 

The application of glycerol had a promising effect on 

the improvement of measured parameters.

EVIDENCE-BASED FORMULATING

As a moisturising ingredient, glycerol is typically used 
at concentrations of 1 to 5% in cosmetic products 

for skin and hair care. Higher concentrations leave a 

sticky feeling on the skin, which is usually perceived 

as unpleasant. In products for skin and hair cleans-

ing, glycerol is incorporated at concentrations of 5 to 

10%, while concentrations of up to 50% may be used, 

in particular, in tooth gels, as it provides a pleasant, 

sweet taste (7).
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The incorporation of glycerol in formulations has 

been justified in many scientific studies. In order to 

assess the level of skin hydration, a cream containing 

a glycerol concentration of 3% was used to compare 

control (untreated) and placebo (applying emollient 

without the addition of a moisturiser) groups. Using in 

vivo Raman spectroscopy, measurements of the skin 

following the topical application of a cream with glyc-

erol showed a highly significant increase in stratum 
corneum water content (10).

Another study posed the research question of wheth-

er the increased hydration and regeneration of the 

stratum corneum by glycerol could be maintained 

during long-term use. The hypothesis was confirmed: 

a glycerol-containing O/W emulsion showed a signif-

icant reduction in transepidermal water loss and a 

significant increase of stratum corneum water con-

tent at three and six weeks compared with an O/W 

emulsion without glycerol (11).

In a study researching glycerol effects on chemically 

irritated skin, the latter was induced with the appli-

cation of 10% sodium lauryl sulphate under occlu-

sion for three hours. Glycerol aqueous solutions at 

different percentages were then applied as the irri-

tant before skin hydration and transepidermal water 

loss were measured, and used to calculate the water 

holding capacity of the stratum corneum. It improved 

with a glycerol concentration of 2% and more, but was 

followed by a plateau at about 5%, indicating the sat-

uration of the system. The demonstrated improved 
water content of the skin helps in the repair of the 

impaired skin barrier (12).

A randomised, double-blind study was carried out 

on patients with atopic dermatitis who were treated 

with a topical 20% glycerol preparation twice daily 

for four weeks. After a wash-out period, stratum cor-
neum hydration was significantly improved and the 

barrier function of the skin was restored in subjects 

treated with glycerol-containing cream compared to 

those using a glycerol-free placebo (13).

The same type of study compared the effect of glyc-

erol and urea on atopic patients with dry, eczematous 

skin. Subject were divided into three groups that were 

treated either with a cream containing 20% glycerol, 

the same cream base without glycerol (as a placebo) 

or a cream with 4% urea and 4% sodium chloride. Pa-

tients using the glycerol cream reported fewer skin 
reactions than patients using the urea cream. Howev-

er, both creams with active ingredients showed equal 

effects on skin dryness compared to the placebo 

group. The study therefore suggested the advantage 

of glycerol-containing cream in the treatment of atop-

ic patients (14).

FUTURE PROSPECTS

Glycerol undoubtedly exhibits various effects on skin 

functions. It is not only a ‘good’ moisturising cosmetic 

ingredient for healthy skin, but also suitable for the 

care of dry skin, a problem that is on the rise owing 

to urbanisation, pollution and other stress factors, 

and longer life expectancy. In broader terms, it acts 

as a topical therapeutic agent in the treatment of skin 

conditions with an altered epidermal barrier function, 

such as atopic and irritant dermatitis that pose a sig-

nificant social and occupational impact. Options for 

its use are numerous, but one thing is for sure: glycer-

ol deserves more attention and recognition.
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ABSTRACT

We have known for centuries that vitamin D is a key player in keeping our bones strong. It has only been known for 

a few decades that it is also crucial in the functioning of many other tissues, including the skin. However, the skin 

is not just a place of vitamin D synthesis, but also an organ that needs vitamin D for undisturbed physiological pro-

cesses. Studies have shown vitamin D deficiency to be involved in inflammation-related skin diseases, such as acne, 

atopic dermatitis, psoriasis, systemic lupus erythematosus, vitiligo, skin cancer and hair loss.
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BRIEF INTRODUCTION

In relation to the COVID-19 pandemic, vitamin D has 

been gaining growing attention lately, and you have 

probably heard that much of the world’s population is 

vitamin D deficient. What is it and why is it so impor-

tant (also for the skin)?

FIRST THERE WERE HEALTHY BONES

Vitamin D is a lipid-soluble vitamin that has been pri-

marily recognised for its significance in bone forma-

tion, but it has so much more to offer. It is involved in 

the serum homeostasis of calcium where it increases 

the absorption of calcium and phosphate in the intes-

tines. This consequently stimulates bone calcium mo-

bilisation, but in case of vitamin D deficiency, calcium 

is pulled from the bones in order to increase its serum 

levels (1, 2).

Other effects of vitamin D at the cellular level include 

cell proliferation and the inhibition of angiogenesis, 

cell differentiation and the promotion of apoptosis, as 

well as the regulation of more than 200 genes. It plays 

a role in the functioning of almost every tissue and 

organ, including the heart, immune system, muscles, 
pancreas, brain, skin and others in addition to the 

bones. Vitamin D deficiency has been linked to many 

health disorders, including autoimmune, cardiovas-

cular and neurological diseases, psychological issues 

and cancers (1, 2).

NAVIGATING BETWEEN NEEDS AND 
SUPPLY

There are three sources of vitamin D for the human 

body: synthesis in the skin following sun exposure, 

diet and vitamin D supplements. It exists in two forms: 

as vitamin D2 (ergocalciferol) and vitamin D3 (chole-

calciferol). In the skin, only vitamin D3 is formed after 

exposure to the UVB spectrum of light (maximum of 

around 295 nm), but with food and supplements, we 

can get both. The main food sources of vitamin D3 are 

certain fishes (salmon, mackerel, sardine and tuna) 

and egg yolks, while vitamin D2 is found, in much 

smaller amounts, in fungi. Since it is almost impossible 

to achieve sufficient vitamin D levels from food sourc-

es alone, there are some fortified foods (mostly milk 

and dairy products), food supplements and medicines 

available on the market. They mostly contain vitamin 

D2, but both forms are believed to act equally (1–3).

Regardless of the vitamin D source and form, once it 

is in the blood circulation, it must be converted first 

by a hepatic enzyme and later also in the kidneys to 

reach its final active form, named 1,25-dihydroxyvita-

min D or calcitriol. Since it is a lipid molecule, it can be 

stored in body fat tissue, which extends the half-life of 

vitamin D up to a few weeks (1).

There are many possible reasons for vitamin D de-
ficiency: limited sunlight exposure, dietary intake 

and absorption inadequacy, insufficient conversion 

in the liver or kidneys, elevated requirements and 

also increased excretion. Some clinical conditions 

that predispose patients to vitamin D deficiency are 

osteoporosis, chronic kidney disease, liver failure, 

celiac and inflammatory bowel disease, as well as en-

docrine disorders. Individuals on medications such as 

corticosteroids, anticonvulsants, antiretrovirals and 

hormonal treatments prescribed for cancer are also 

at greater risk for vitamin D deficiency. Pregnancy can 

also cause lower vitamin D levels (3).

VITAMIN D AND THE SKIN

In this article, we will focus on the relationship be-

tween vitamin D and the skin. It is a fundamental vita-

min in skin physiology, not just because it can be syn-

thesised in the skin, but also because of its multiple 

roles in many skin processes and diseases.

A good estimate seems to be that around 5–30 min-

utes of sun exposure in spring and summer, especial-

ly between 10 am and 4 pm, to the face, arms, hands 

and legs without a sunscreen usually leads to the 

sufficient synthesis of vitamin D. If an adult in a bath-

ing suit is exposed to sun radiation strong enough to 

cause minimal erythema (slight pink colour of the skin 

24 hours after exposure), one is able to synthesise 

more than 10,000 IU of vitamin D. For comparison, 

up to 1000 IU in food supplements is recommended 

per day (3, 4).
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However, vitamin D production in our skin depends 

on many different factors. Among environmental fac-

tors are geographic latitude (the zenith angle of the 

sun), altitude, weather conditions and the level of air 

pollution where we live, as well as the season and time 

of the day. Keep in mind that in the winter months, 

when living above or below approximately 30° lat-

itude, sun exposure can account for very little or no 

vitamin D production in the skin at all (5).

Important variables regarding vitamin D synthesis 

are mostly age, weight and skin type. The lighter the 

skin tone, the more efficient is vitamin D synthesis 

in the skin. People with darker skin absorb more ra-

diation by melanin and consequently need more sun 

exposure to synthesise the same amount of vitamin 

D. Thinner skin in elderly people makes them less able 

to produce vitamin D. In addition, obesity has been 

linked to lower vitamin D levels, since the vitamin 

can get ‘trapped’ in body fat. Our habits also affect 

the production of vitamin D, such as the amount of 

time spent outdoors (yes, sitting by an office window 

won’t help, since glass blocks most UVB radiation), 

how we dress during the time we spend outdoors and 

whether we are keen on using sun protection or not. 

Using a sunscreen with a SPF of 30 already inhibits 

the synthesis of vitamin D by more than 95%. Con-

troversially, the use of sunbeds increases vitamin D 

synthesis (but don’t forget that they increase the risk 

of skin cancer) (3).

DEEPER IN THE SKIN

Vitamin D is known to regulate the skin differentiation 

process, stimulating the formation of the cornified 

envelope in keratinocytes and inhibiting proliferation, 

both as the result of increased intracellular calcium 

levels. It also regulates processes involved in the for-

mation of a so-called skin barrier and the initiation of 

the innate immune response in the skin. Vitamin D is 

therefore crucial for skin defence and antimicrobial 

functions. Since vitamin D receptors are also present 

in the cells of the adaptive immune system (B and T 

cells), it plays an important role here, too. It suppress-

es their proliferation and modulates the production 

of cytokines. Vitamin D also promotes wound healing 

and tissue repair, and is important in the progression 

of the hair cycle and in the growth regulation of seba-

ceous glands (1).
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Probably the most challenging aspect is how to 

achieve a healthy combination of the good and bad 

effects of sun radiation. It is well-known that UV light 

can be harmful, as it causes inflammation, skin aging, 

DNA damage, skin cell apoptosis and skin cancer. On 

the other hand, UV light is, as explained, the driving 

force behind vitamin D synthesis in the skin, and some 

studies have even confirmed the photoprotective ef-

fects of vitamin D: decreased erythema and DNA 

damage, reduced apoptosis and the increased surviv-

al of skin cells (1).

A STEP IN THE AREA OF DERMATOLOGY

Vitamin D deficiency can be involved in (sometimes an 

extremely complex set of) causes that lead to skin dis-

eases. Those are, for example, acne, atopic dermatitis, 

autoimmune skin disorders such as psoriasis, system-

ic lupus erythematosus and vitiligo, skin cancer and 

hair loss (1). However, vitamin D deficiency is more 

likely to be related to the co-occurring inflammation 

processes than be the primary cause of a disease.

Acne
There is a significant role of inflammation in this very 

common skin disorder, resulting from increased col-

onisation by Propionibacterium acnes. Studies have 

shown an inverse relationship between the number 

and severity of acne lesions and serum levels of vita-

min D.

Atopic dermatitis
Vitamin D is believed to improve atopic dermatitis, 

mainly through immunomodulation, as the disease is 

crucially connected to the impairment of the dermal 

immune system. Studies have shown that vitamin D 

alleviates symptoms of atopic dermatitis and thus de-

creases the severity of the disease.

Psoriasis
The pathogenesis of this chronic inflammatory skin 

disease includes the deregulation of the skin’s im-

mune cells, inflammation and angiogenesis. Vitamin 

D was shown to be effective in the treatment and/or 

mitigation of the disease due to its antiproliferative, 

anti-inflammatory and antiangiogenic activity. Alone 

or in combination, it is one of the most frequently pre-

scribed topical medications for psoriasis.

Systemic lupus erythematosus
Vitamin D is believed to be effective in these patients 

due to its protective effects on the cardiovascular 

system, immunomodulation and the stimulation of 

cognitive development.

Vitiligo
Controlling the activation, proliferation and migration 

of melanocytes and pigmentation pathways are only 

some of the ways vitamin D protects the epidermal 

melanin units and restores melanocytes’ integrity. It 

also acts as an antioxidant, reduces the apoptotic ac-

tivity caused by UVB light and decreases the autoim-

mune response.
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Skin cancer
Many studies have shown the tumour-protective ef-

fect of vitamin D, reducing risk for many different can-

cers, including those of the skin, and decreasing can-

cer-associated mortality. The main role of vitamin D 

seems to be its involvement in the regulation of many 

signalling pathways, the inhibition of proliferation, the 

promotion of apoptosis, the inhibition of angiogenesis 

and the altering of cellular adhesion.

Hair loss
Studies have shown that vitamin D stimulates the dif-

ferentiation of hair follicles and thus regulates their 

growth cycle. Topical calcitriol was also found to pro-

tect against chemotherapy-induced alopecia.

LET’S NOT FORGET

We can conclude that vitamin D is really a ‘skin vi-

tamin’: not only does it come from it, it is also vitally 

intertwined in so many of the skin’s physiological 

processes. It is thus not surprising that many studies 

have linked vitamin D deficiency to various skin dis-

eases, clearly demonstrating that our skin relies on 

our responsible lifestyle to provide enough vitamin D 

for the undisturbed activity of vitamin D-dependant 

functions.

However, vitamin D is categorised as an active ingre-
dient in medicines. The European Union prohibits 

the use of both vitamin D3 and D2 in cosmetic prod-

ucts (listed as no. 335 in Annex II of Regulation (EC) 

No 1223/2009). Nevertheless, the vitamin D precur-

sor 7-dehydrocholesterol is described in the CosIng 

database as an emulsion stabilising, skin conditioning 

and viscosity controlling ingredient. Vitamin D provi-

tamins are also permitted for use in cosmetic prod-

ucts in the US (4, 6, 7).
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ABSTRACT

Exfoliation is a procedure that helps in skin cell renewal, as it consists of removing non-vital cells from the skin’s 

surface. In addition to eliminating impurities and facilitating the penetration of cosmetically active ingredients, re-

moving this layer restores the skin to its natural appearance, improving its texture and uniformity, and resulting in 

an improved skin appearance. Such cosmetic products are also referred to as enzymocosmetics. The main plant 

proteolytic enzymes used in skin exfoliation are papain from papaya, bromelain from pineapple and ficain from fig 

tree. This review aims to present the most common enzymes used in cosmetic products and to present an enzy-

matic peel procedure.
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INTRODUCTION

The cosmetic industry constantly attempts to devel-

op innovations and alternatives to existing cosmetic 

products. A strong trend has been observed in mod-

ern-day cosmetics towards safe cosmetic ingredi-

ents of natural origin, particularly to avoid a negative 

ecological impact on the environment (1). A study 

performed by the Danish Council THINK Chemicals 

identified 65 chemicals of concern in 39 products. 

The chemicals identified included iodopropynyl bu-

tylcarbamate, which is an allergenic; butylparaben, 

resorcinol and ethylhexyl methoxycinnamate, all of 

which are classified as endocrine disruptors; glyoxal, 

which is mutagenic; and zinc pyrithione, a CRM Cat-

egory 1B substance, which is a presumed human car-

cinogenic, mutagen, or reproductive toxicant, based 

on animal studies (2, 3).

As such, consumers are exposed to these chemicals, 

perhaps daily. An intense investigation into the bene-

fits of what plants and fruits can bring to consumers is 

therefore required, since it is clear that dermal treat-

ment with active cosmetics can help improve skin re-

juvenation (4). This article presents the most common 

plant enzymes used in cosmetic products and pres-

ents an enzymatic peel procedure.

EPIDERMIS AND DERMIS

The skin covers an area of   about 2 m2 and accounts for 

around 15% of the body’s weight, meaning it weighs 

between three to four kilos and is thus the largest and 

heaviest organ in the human body (5). The skin covers 

the entire human organism and is essential for life. It 

has a variable appearance, functions and structure, 

depending on the body region. The skin is a multifunc-

tional organ that performs vital functions, such as pro-

viding an external coating, thermoregulation, a healthy 

microbiological environment and defence against ex-

ternal aggressions (cold, heat, pressure, pain, etc.). It 

is divided into three layers: the epidermis, dermis and 

subcutaneous tissue (6).

The epidermis is the most superficial layer of the skin 

and is in direct contact with the external environment. 

It is stratified and avascularised epithelial tissue and 

forms the first line of defence against external factors. 

It subdivides itself into five layers: the stratum corne-

um, stratum lucidum, stratum granolosum, stratum 

spinosum and stratum basale. The stratum corneum 
has dead keratin cells that reduce the skin’s perme-

ability, preventing water loss. Keratinised cells help 

retain water and form a protective layer that protec-

ts against biological, physical and chemical agents (7). 

The epidermis also protects against ultraviolet rays. 

Sunlight initially triggers the production of melanin 

in the stratum basale. Melanin acts as a natural sun-

screen for the skin and protects against harmful ultra-

violet rays, which is why people get tan when exposed 

to the sun. However, excessive exposure to the sun can 

disrupt this process, leading to hyperpigmentation.

The dermis is a thick, elastic but firm intermediate 

layer located below the epidermis. It subdivides itself 

into two layers: the reticular layer and the papillary 

layer (8). It is composed of connective tissue (mainly 

fibroblast cells and collagen and elastin fibres) and 

blood vessels, lymphatics vessels and nerves (7). It 

plays an essential role in protecting the body against 

external and irritating influences, but it also nourishes 

the upper layers of the skin from the inside. Its thick, 

firm texture helps to alleviate external pressures and, 

when damage occurs, it contains connecting tissues, 

such as fibroblasts and mast cells that heal wounds.

The subcutaneous tissue, which envelops the overall 

musculature except for cutaneous muscles, provides 

for the passage of cutaneous nerves, blood vessels 

and lymph vessels, and plays a role in connecting the 

dermis and fascia of the muscles (9).

EXFOLIATION

Exfoliation is the process of removing impurities and 
keratinised cells from the skin’s surface, and thin-

ning and making the stratum corneum uniform, to 

facilitate the penetration/permeation of cosmetically 

active ingredients, resulting in healthier-looking skin 

with an improved aesthetic appearance (10). An ex-

foliation can have different depths: superficial, which 

reaches from the stratum corneum to the papillary 

dermis (60 µm); medium, which reaches from the 

papillary dermis to the reticular dermis (450 µm); and 

deep, which reaches from the mid-reticular dermis to 

600 µm (11, 12).
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Skin exfoliation can be chemical, mechanical or enzy-

matic (13). Chemical exfoliation includes the use of 

acids in the form of, for example, creams, lotions, gels 

or solutions. It is a type of aesthetic treatment that is 

performed by applying products with acidic formulas 

of pH<5 to remove the damaged or old layers, and 

to promote the growth of a new, smooth layer. It is 

a process that accelerates the cell renewal process 

from the deepest layers of the skin, while the most 

superficial and older layers are eliminated (11). It acts 

non-specifically by reducing the cohesion between 

corneocytes, known as a keratolytic effect (14).

Mechanical exfoliation involves the physical scrub-

bing of the skin with a mild abrasive, such as micro-fi-

bres, adhesive exfoliation sheets, micro-bead facial 

scrubs, crushed apricot kernels or almond shells, 

sugar or salt crystals, or using abrasive sponges, 

brushes, cloths and crepe paper (10). 

Enzymatic peels use proteolytic enzymes (proteases) 

that break down proteins. Enzymes are macromol-

ecules that accelerate chemical reactions with con-

siderable advantages over chemical catalysts, mainly 

because of their specific action and ecological quali-

ties. Enzymes for dermal application can be used for 

cosmetic and therapeutic purposes, and should have 

a high degree of purity, high specificity, low antigenic-

ity and stability under physiological conditions (15). 

Enzymes generally have numerous industrial applica-

tions, while new applications of these biological cata-

lysts are discovered every day, particularly in the area 

of cosmetics. The enzymes used most frequently in 

cosmetics are presented in Table 1.

Enzyme Source Cosmetic use References

Protease Fungi

Antioxidant
Facilitates the penetration of active 
substances
Stimulates or inhibits desquamation, skin 
scaling and dryness
Removes death cells
Peeling
Anti-aging

(16–18)

Superoxide 
dismutase Yeast (recombinant)

Anti-aging
Neutralises reactive oxygen species (ROS)
Antioxidant
Increases longevity

(19, 20)

Catalase Aerobic organisms Counterbalances ROS (21)

Lipase Bacteria
Deep cleansing of the skin
Acne
Anti-cellulite

(22, 23)

Hyaluronidase Bacteria Anti-cellulite
Moisturising agent (23, 24)

Alkaline 
phosphatase

Yeast and fungi 
(recombinant)

Increases cellular metabolism
Anti-wrinkle (23, 25)

Table 1: Enzymes used in cosmetic products.
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ENZYMATIC PEEL

Enzymatic peels, also referred to as enzymocosmet-

ics, are cosmetic products with proteolytic enzymes 
that specifically hydrolyse the peptide bonds of pro-

teins in the stratum corneum (14, 26). They promote 

biological exfoliation, faster skin regeneration, pro-

vide deep cleansing and facilitate the penetration of 

cosmetically active substances (27). The thickness 

of the stratum corneum is decreased, giving the skin 

more texture and plasticity. The main plant enzymes 

used in skin exfoliation are papain from papaya, bro-

melain from pineapple and ficain from fig trees (10). 

Papain is a proteolytic enzyme, endopeptidase, found 

in a concentration of about 8% in papaya fruits (Carica 
papaya). In dermal use, its main application is in the 

medical field for the debridement of devitalised tis-

sues, accelerating the healing process of wounds 

and burns (28). Papain has a molecular weight of 

23,406 Da, an isoelectric point of 8.75 and an ideal 

temperature for enzymatic activity of 65 °C (29). The 

major amino acids are glycine, valine and tyrosine 

(30).

Bromelain is a protease derived from the stem and 

fruit of pineapples (Ananas comosus). Stem bromelain 

is a mixture of different thiol endopeptidases and oth-

er components isolated from Ananas comosus stem, 

bark and leaves. Its molecular weight, isoelectric 

point and ideal temperature for enzymatic activity are 

35 kDa, 10 and 37ºC, respectively (31–33). In terms 

of amino acids, the major ones are alanine, glycine and 

aspartic acid (34). Bromelain has applications in the 

cosmetic industry, and is used to treat acne, wrinkles 

and dry skin. It digests the proteins of dead cells in the 

upper layer of the skin, resulting in their replacement 

by younger skin cells from the lower layers. It also 

helps to reduce post-injection bruising and swelling 

(35, 36).

Ficain, also known as ficin, is derived from the stems 

of the fig tree (Ficus carica) and has an enzymatic ac-

tivity as an excellent exfoliant. It is also said to have 

antioxidant benefits (37). Its molecular weight is 

24,294 Da and its isoelectric point is 9.0, while the 

ideal temperature for enzymatic activity is 50 °C (38). 

A recent study showed that ficin has an antioxidant 

and whitening effect in skin cells, and that it has the 

potential to be developed as a new bio-cosmetic ma-

terial (39).

USE OF ENZYMATIC PEELS

Purpose of use
The use of enzymatic peels is recommended in skin 

(hyper)pigmentation, acne spots, for oily or rough 

skin, and in general skincare, regardless of its photo-

type.

Precautions
Enzymatic peels are generally more comfortable 

and safer than chemical peels. It is a good alterna-

tive for individuals with sensitive skin and high skin 

phototypes that may react to irritation by generating 

post-inflammatory hyperchromia, and for people with 

allergies to glycolic acid, and can be used as a summer 

peel.
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Side effects
Even though side effects from enzymatic peels occur 

less frequently compared with chemical peels, they 

can occur and include skin irritation or an allergic re-

action.

Limitations
The main limitations are enzyme stabilisation to en-

sure enzyme activity and technological challenges in 

producing an active formulation (14, 23).

PROCEDURE

Given that the cells in the stratum corneum are held 

together by proteins, these can be enzymatically hy-

drolysed, and the dead cells loosened and superficial-

ly removed about 10 to 20 minutes after the applica-

tion of an enzymatic peel. To achieve this effect, masks 

are frequently applied, consisting of dry extracts of 

enzyme-containing vegetable juices (latex) mixed 

with water. Enzymatic peels are generally considered 

to have a gentle effect on the skin, which is typically 

limited to the skin surface when used according to in-

structions. 

Because there is a lack of information regarding the 

correct application of enzymatic peels, a procedure 

was designed using a powder formulation (Anubis 

Cosmetics, SL, Barcelona, Spain) with the following 

ingredients: rice (Oryza sativa) starch, lactose, kaolin, 

titanium dioxide, 1% papain, silica and sodium meth-

ylparaben. The manufacturer indicates that this per-

centage of papain is effective on the skin without sen-

sitising. According to the manufacturer, the product 

is suitable for all skin types, including sensitive, atopic 

or oily.

• A correct facial analysis should be performed first 

to evaluate possible contraindications (40).

• Liquid facial cleanser is applied by massaging it with 

the fingers and removing it with a gauze soaked in 

water.

• Three measures of the enzymatic peel are mixed 

with two measures of water (the mixture should 

have a cream-like texture). 

• The mixture is applied to the area to be treated us-

ing a brush.

• The peel should be left on the skin for a maximum 

of 15 minutes and then removed with warm water.

CONCLUSION

Proteolytic enzymes, such as bromelain, papain or 

ficain, have been used in personal care products for 

skin peels and smoothing for many years. However, 

the general problem associated with such use is the 

irritation of the skin due to their proteolytic activi-

ties. Nevertheless, their activity is still milder than in 

chemical exfoliation. The use of enzymes in cosmetics 

has not yet been thoroughly investigated. Technical 

difficulties in analysing enzyme activities on human 

skin and the inherent instability of enzymes, which 

makes them hard to formulate and stabilise in finished 

cosmetics, may be why there is a lack of studies in this 

area.
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ABSTRACT

Silicones are generally considered cosmetic ingredients of versatile uses. In contrast to their physiological inert-

ness after dermal use, a growing body of research and evidence focuses on their toxicological impacts, particularly 

with respect to the environment. The article presents silicones in light of their chemistry and production methods, 

cosmetic use, degradation and bioaccumulation, and regulatory status. Finally, alternatives in the context of natural 

cosmetics represent untapped potential due to the widespread use of silicones as cosmetic ingredients.
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WHAT IS A SILICONE?

Silicone is the commercial name commonly used for 

polymers composed of siloxanes. A silicone is a wide-

ly used chemical compound in which silicon atoms (Si) 

are linked via oxygen atoms (O), forming characteris-

tic silicon oxide bonds (Si–O) (1). Methyl substituted 

siloxanes are known as polydimethylsiloxanes and 

they form two main structures: a linear and a cyclic 

structure (2, 3).

Silicones have different particle sizes and shapes, mo-

lecular weights and chemical modifications that con-

tribute to various physicochemical properties, and 

can be used in many areas of human life, mostly in in-

dustrial processes and personal care products (3, 4). 

It should be emphasised that the chemical structure 

is related to the characteristic features that directly 

affect the safety or the risk of their use (4).

PRODUCTION METHODS

There are three methods of silicone synthesis typ-

ically used in the chemical industry: the Grignard 
method, the Rochow method using silicon reaction 

with an alkyl chloride and an addition method (4). 

Using these methods, reactive monomers such as 

methyltrichlorosilane, dimethyldichlorosilane, meth-

ylphenyldichlorosilane, diphenyldichlorosilane or 

phenyltrichlotosilane are prepared. In the next phase, 

the monomers are subjected to hydrolysis with ex-

cess water at a temperature between 10 and 90°C 

in organic solvents such as ketones and esters. After 

the continuous hydrolysis of, for example, dimethyl-

dichlorisilane, a mixture of cyclic and linear hydrox-

yl-terminated oligosiloxanes is obtained. To obtain 

linear dimethylsiloxane polymers, the hydrolysate is 

subjected to the polymerisation or polycondensation 

process (4).

During the polymerisation process, the hydrolysate is 

first transformed into a mixture of cyclic monomers, 

mostly octamethylcyclotetrasiloxane (also known as 

D4) and decamethylcyclopentasiloxane (also known 

as D5), after which ring-opening occurs. The result 

is a mixture of linear polysiloxane and about 15% of 

cyclic oligomers. The polycondensation process of 

the linear hydroxyl-terminated oligosiloxanes is used 

to obtain linear high-molecular weight polymers. The 

end-product is also a mixture of linear polymers and 

cyclic oligomers, but with only 2% of cyclic oligomers 

(4).

SILICONES IN COSMETICS

In the cosmetic industry, silicones and silicone de-

rivatives mainly act as emollients, humectants, sur-

factants (emulsifiers), and film formers, antifoaming, 

viscosity-controlling agents, antistatic and binding 

agents (5). Particularly beneficial in terms of cosmetic 

use and skin chemical compatibility is their physiolog-

ical inertness. Silicones are used in hair care products, 

shower gels, antiperspirants and deodorants, shaving 

products, decorative cosmetics and skincare prod-

ucts (1).

The most common polydimethylsiloxanes in cosmet-

ic and personal hygiene products that appear under 

the name of cyclomethicones are octamethylcyclo-
tetrasiloxane (D4) and decamethylcyclopentasilox-
ane (D5) (Figure 1.).

           

Figure 1: Octamethylcyclotetrasiloxane (D4) and 
decamethylcyclopentasiloxane (D5).

SILICONES AND THE ENVIRONMENT

The annual world production of methylsiloxanes has 

already reached over 8,000,000–10,000,000 tonnes. 

Consequently, they have been identified as emerging 

persistent toxic compounds because of their wide-

spread use, the properties of high volatility and low 

water solubility. The impact of methylsiloxanes on 

biota and the ecological environment has become a 

matter of great concern today (3).

Although silicones have long been considered envi-

ronmentally neutral, very widespread use is causing 

serious controversy (5). Recent studies have shown 



Kostic A. Silicones in cosmetics and their impact on the environment. Cos ACTIVE J. 2021;1:34–39 36 

some harmful effects on the health of living beings 

and they may also cause damage to the environment 

(2). Thus, appeals to continuously monitor silicones 

in the environment are justified.

However, the Cosmetic Ingredient Review (CIR) Ex-

pert Panel concluded that frequently used silicones 

such as amodimethicone (mostly used as a hair con-

ditioning agent) and dimethicone (mostly used as an 

antifoaming and skin-conditioning agent) are safe as 

used in cosmetic products (6). A similar opinion was 

issued by the Scientific Committee on Consumer 

Safety (SCCS) for D4 and D5, the main cyclic vola-

tile methylsiloxanes (7), but was later amended and 

narrowed to hair styling aerosols and sun care spray 

products (8).

DEGRADATION AND 
BIOACCUMULATION

Hair care products, body lotions, deodorants and nail 

polishes are types of personal care products that con-

tain up to 16% cyclic volatile methylsiloxanes. Due to 

a high vapour pressure (0.121 kPa for D4 and 0.021 

for D5 at 23 °C) and a high Henry’s Law constant val-

ue (259 for D4 and 185 for D5), cyclic volatile meth-

ylsiloxanes are mostly released into the atmosphere 

during the use of products (about 90%), while about 

10% is discharged into wastewater (9).

They are then transported to the air from water/soil 

and oxidised by atmospheric hydroxyl radicals (•OH). 

This is considered a major degradation pathway for 

airborne cyclic volatile methylsiloxanes (10). The final 

degradation products in the environment are carbon 

dioxide and silicic acid and/or silica (11).

D4 and D5 are the most commonly used silicones in 

cosmetic products. They have a strong adsorbing po-

tential to organic matter in sewage sludge, sediment 

and soil. The degradation half-life for aerobic sedi-

ment is 242 days for D4 and more than 1,200 days 

for D5 at 24 °C. After they volatilise into the atmo-

sphere, the degradation half-life for both is around 13 

days. In addition, studies indicate that silicones can 

be found in aquatic food webs at many locations, with 

the highest levels close to sources of emission. D4 

and D5 concentrations were found in the blood plas-

ma of fish, birds and mammals, but the oral pathway 

of exposure is still unknown. It is expected that both 

substances are available for storage in lipid compart-

ments (11).

According to the ECHA Annex XV Restriction report 

– Proposal for the restriction of octamethylcyclo-

tetrasiloxane and decamethylcyclopentasiloxane, D4 

meets the criteria for identification as a ‘persistent, 
bioaccumulative and toxic‘ (PBT) and a ‘very per-
sistent very bioaccumulative‘ (vPvB) substance, 

while D5 is classified as a vPvB substance. The toxici-

ty of D4 corresponds to reproduction category 2, and 

is based on both aquatic and mammalian studies (11).

In the European Union, approximately 4.7 tonnes of 

D4 and 205 tonnes of D5 are discharged into surface 

waters a year. It is believed that all emissions originate 

from the use of wash-off personal care products, and 

that they contribute to 95% of total emissions of D5 

(195 tonnes/year) and 63% of D4 emissions (around 

3 tonnes/year). Therefore, wash-off personal care 

products are considered to have the highest environ-

mental risk for these substances (11).

EVOLUTION OF EXPOSURE 
CONSCIOUSNESS TO SILOXANES

It has been more than fifty years since silicones were 

first introduced to beauty products. The awaking in-

terest of scientists about the impact of silicones on 

the environment is summarised in Figure 2. Special 

attention is given below to periods IV, V and VI.

Period IV
In period IV (from 1996 to 2000), scientists focused 

not only on the numerous applications of silicones 

and their side effects observed in biological samples 

(e.g. breast implants), but also on degradation path-

ways, options for silicone monitoring in the environ-

ment and on long-term toxicological effects.

New cosmetic formulations were developed with li-

pophilic and amphiphilic silicones which resulted in 

improved sensory properties, such as the silky and 

soft skin feel and smoothness of application on the 

skin, and desired cosmetic activities, such as good 

moisturising properties. Silicone manufacturers con-
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ducted their own research, in which they found that 

siloxanes do not present significant environmental 

risks to living organisms (5).

Period V
During the period from 2001 to 2008, interest in sil-

icone use was at a similar level as in previous years, 

but more focus was placed on personal care products. 

Delivery systems for cosmetically active ingredients, 

e.g. silicone elastomers, were developed. Scientific 

articles about sources of human exposure to silicones 

as environmental pollutants were published, and sil-

icones were identified in water, sewage, sediments, 

soil and air samples. This period saw an increase in 

awareness of likely human exposure to various silox-

anes that have accumulated in the environment (5). 

Period VI
In the last decade of silicone research, we have wit-

nessed significant progress in the enhanced mon-

itoring of environmental concentrations and the 

assessment of spatial migration through the air and 

bioaccumulation. It was concluded that some vola-

tile silicones can migrate over long distances, as evi-

denced in analyses of Arctic air. Human exposure to 

silicones is not only the result of environmental pollu-

tion, but also due to the direct release of various per-

sonal care products that contain silicones.

WHAT ARE THE ALTERNATIVES?

Silicones, particularly cyclomethicones, have very 

specific characteristics, depending on the total com-

position of a cosmetic product. It is hard to find just 

one substitute that matches all of a cyclomethicone’s 

properties, but there are some alternatives already 

used in cosmetic products. Particularly limited are 

those permitted for use in cosmetics that follow the 

concept of natural cosmetics, i.e. cosmetics that are 

based on ingredients of natural origin. Those alter-

natives include, for example, vegetable oils, squalene, 

isoamyl laurate, dicaprylyl carbonate, dicaprylyl ether, 

polycitronellol, undecane, etc.

Nevertheless, alternatives for silicones do exist, but 

are generally more costly and/or less available. This is 
where the manufacturers and suppliers of cosmetic 
ingredients may find untapped potential.

Figure 2: Milestones in the history of silicones and human 
awareness of their environmental issues (adopted from 5).

CONCLUSION

There is increased awareness of the likely direct or 

indirect toxicity of volatile methylsiloxanes to various 

organs. In regions such as Canada, the USA and Eu-

rope, risk assessment procedures have been defined 

that may lead to the introduction of new regulations 

to control their usage (12). Because some of silicones 

(i.e. cyclosiloxanes) have been identified as ‘per-

sistent, bioaccumulative and toxic’ or ‘very persistent 

very bioaccumulative’ substances, they are regulat-

ed in the European Union by the European chemical 

regulation framework called REACH (Registration, 

Evaluation, Authorisation and Restriction of Chemi-
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cals) (11). However, the silicone industry believes that 

the decision for such categorisation is not supported 

by available scientific evidence (13).

Wash-off cosmetic products containing D6 and 

leave-on cosmetic products containing D4, D5 and 

D6 with concentrations equal to or greater than 0.1% 

by weight of each of these substances were limited 

in accordance with the ECHA’s proposal (European 

Chemicals Agency). Additionally, in May 2019, D4 

was added to Annex II of the European Union Cos-

metic Regulation 1223/2009, which means that D4 

may not be added intentionally to cosmetic formula-

tions sold in the European Union (14). 

Although linear silicones may have similar ‘persistent, 

bioaccumulative and toxic’ or ‘very persistent very 

bioaccumulative’ behaviour as cyclic silicones, more 

studies must be conducted to classify them and re-

strict their use in cosmetic products, if needed (5). 

Nevertheless, precautionary principles seem to be 

reasonable based on their indisputable widespread 

presence.

Finally, we live in a world with truly extensive silicone 

production for the needs of the pharmaceutical, med-

ical and food industries and, last but not least, the cos-

metic industry. More than 50% of all new cosmetics 

launched in the last 10 years contain at least one type 

of a silicone (15). It is therefore essential to monitor 
the release of these substances into the environment, 

conduct independent scientific research and be 

more aware of the possibilities of environmental and 

ecological risks.
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NAVIGATING BETWEEN FACTS AND 
MYTHS

The term ‘natural’ in cosmetics has been provoking 

heated debates for years. The regulatory and concep-

tual frameworks of so-called natural cosmetics are 

still largely undefined, in part because the basic mean-

ing of ‘natural’ and ‘naturalness’ is extremely general 

and very difficult to explain in unambiguous scientific 

terms.

The combination of the insufficient regulation of 

cosmetics, growing environmental awareness and 

success-driven marketing on the one hand, and new 

scientific evidence about the toxicological profiles of 

cosmetic ingredients and the associated manufactur-

ing processes (which are sometimes, unfortunately, 

misinterpreted or even misused) on the other, are 

among the main reasons that have given rise to the 

phenomenon of a fear-mongering movement among 

the users and manufacturers of cosmetics. The main 

focus of that fear-mongering movement is on skin 

toxicity, generalising the concept that natural ingredi-

ents are better for the skin because they come from 

nature. However, such a concept has no rationale and 

should have no place in communicating with the gen-

eral public about (natural) cosmetics.

Silicones are among the most common examples of 

such misconceptions. With a focus on evidence-based 

dermal use, they are inert, non-irritating, non-aller-

genic and oxidatively stable in cosmetics and medi-

cines. They are safe in terms of long-term use.

BUT…

The monitoring of silicones in the environment over 

decades of widespread use has raised serious con-

cerns about their impacts on living species and the 

environment. In addition to their use in cosmetics, 

their applications include medicine and dentistry, 

household and office, electrical and electronic devic-

es, the automotive and aviation industries, and textile 

and paper applications. 

Many scientific and regulatory opinions have there-

fore placed a strong emphasis on the precautionary 

principle, particularly in the European Union. Sili-

cones have consequently been identified as emerging 

persistent toxic compounds. According to European 

Chemicals Agency (ECHA), D4 (octamethylcyclo-

tetrasiloxane) and D5 (decamethylcyclopentasilox-

ane) are currently classified as ‘persistent, bioaccu-
mulative and toxic‘ (PBT) substances. It should be 

emphasised, however, that silicones comprise a large 

group of structures with different properties in terms 

of toxicological safety/risk.

COSMETHICALLY ACTIVE CERTIFICATION 
CRITERIA

Since we strive for the highest level of environmental 

acceptability, the above-mentioned issues have led 

us to the decision that silicones are not permitted in 

CosmEthically ACTIVE certified products. Additional 

reading is available in the article by Kostic (p. X; REF) 

and in the following section.

LITERATURE REVIEW

The aim of this literature review is to systematically 

collect currently available scientific studies and opin-

ions about silicones and their environmental impacts. 

Literature was searched via PubMed, Science Direct, 

Web of Science, Google Scholar and EBSCO. Articles 

are listed chronologically in descending order.

Typical indoor concentrations and mass flow of 
cyclic volatile methylsiloxanes (cVMSs) in Dalian, 
China 

Li Q, Lv X, Wang X, Hu J, Wang X, Ma J.

Chemosphere. 2020 Jun;248:126020.

Abstract
Cyclic volatile methylsiloxaes (cVMSs), namely 

hexamethylcyclotrisiloxane (D3), octamethylcyclo-

tetrasiloxane (D4), decamethylcyclopentasiloxane 

(D5) and dodecamethylcyclohexasiloxane (D6), were 

studied for a typical indoor environment of male and 

female dormitories in the campus of Dalian Maritime 

University (DMU) in China. An empty, frit-fitted SPE 

cartridge was placed on top of an Isolute ENV + car-
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tridge, sampling cVMSs in particulate and gas phases, 

respectively. The highest concentration of D3, D4, 

D5, and D6 was 190, 460, 37,000, and 670 ng m-3, 

respectively. All cVMSs, especially D5, were higher 

in female dormitories than that in male dormitories. 

Emission rate from different sources of cVMSs in 

dormitories was calculated from a survey of the use 

of personal care products (PCPs) by students living 

in the dormitory during the sampling period. The 

mean emission rate (ER, mg·d-1) of D4 and D5 in 

male dormitories was 0.12 ± 0.01 and 0.49 ± 0.03 mg 

d-1, respectively, and that in female dormitories was 

0.21 ± 0.05 and 46 ± 17 mg d-1, respectively. Then, 

we modified an existing mass balance model to pre-

dict the indoor air levels of D4 and D5 in both male 

and female dormitories based on the usage of PCPs. 

There was a good agreement for D4 and D5 concen-

trations in female dormitories between modeled and 

measured concentrations with the ratio of predicted 

to measured values to be 1.5 and 1.2, respectively, 

which indicated that use of PCPs was the main source 

of cVMSs in university dormitories.

Georeferenced multimedia environmental fate of 
volatile methylsiloxanes modeled in the populous 
Tokyo Bay catchment basin 

Sakurai T, Imaizumi Y, Kuroda K, Hayashi TI, Suzuki N. 

Sci Total Environ. 2019 Nov 1;689:843-53.

Abstract
We investigated the multimedia fate of decamethyl-

cyclopentasiloxane (D5) and dodecamethylcyclohex-

asiloxane (D6) in the densely populated catchment 

basin of Tokyo Bay, Japan, by using a georeferenced 

multimedia model. We estimated the daily per per-

son consumption rate of these compounds in Japan 

according to literature. Emissions to the atmosphere 

accounted for almost all of the emissions of these 

compounds to the environment. The majority of these 

compounds was predicted to be distributed in the at-

mosphere (about 60%) and sediment (about 40%). 

The advective flows in and out of the atmosphere over 

the Tokyo Bay catchment basin dominated the flows 

of these compounds. The sewerage systems contrib-

uted considerably to the transport and fate of D5 and 

D6 in water. They transported these compounds from 

households to discharge outlets of sewage treatment 

plants (STPs), which in turn accounted for approx-

imately one quarter of the emission of these com-

pounds to rivers and to Tokyo Bay. The wastewater 

treatment plants also effectively removed these com-

pounds from the wastewater. The overall persistence 

of D5 and D6 in the catchment basin was estimated 

to be 3.8-9.5 days. The horizontal distributions of 

these compounds were similar among environmental 

compartments; high concentrations were generally 

observed in populated areas. A sensitivity analysis 

demonstrated that the D5 discharge rate to Tokyo 

Bay excluding the direct discharge from STPs and the 

D5 mass in the river compartment were sensitive to 

changes of the organic-carbon-water partition coef-

ficient. Comparison with the concentrations in rivers 

measured recently in the target area showed that the 

model captured overall trends of low to high concen-

trations in rivers. However, there was some varia-

bility and a bias toward underprediction. The model 

provided a better fit to measurements for D5 than 

for D6. One potential factor contributing to the bias 

toward underprediction was underestimation of the 

consumption rates.

Footprints in the sand - Assessing the seasonal 
trends of volatile methylsiloxanes and UV-filters 

Capela D, Vila M, Llompart M, Dagnac T,  

García-Jares C, Alves A, Homem V. 

Mar Pollut Bull. 2019 Mar;140:9-16.

Abstract
This study focused on the determination of seven 

volatile methylsiloxanes (VMSs) and eleven UV-fil-

ters (UVFs) in beach sand from the Oporto’s region 

(Portugal). A QuEChERS methodology (“Quick, Easy, 

Cheap, Effective, Rugged, and Safe”) was used to 

extract VMSs from the sand, which has never been 

employed before. To extract the UVFs, a solid-phase 

microextraction (SPME) was used. The analyses were 

performed by gas chromatography-mass spectrom-

etry (GC-MS). Twenty-three beach sand samples 

were analysed, from two campaigns - summer/winter. 

VMSs were found in all the samples with concentra-

tions ranging from 0.007 ± 0.001 to 17.8 ± 0.9 ng 

g-1dw, while UVFs in summer samples from 0.030 

± 0.001 to 373 ± 17 ng g-1dw. Cyclic VMSs and oc-

tocrylene (OC) were detected in higher concentra-
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tions. In general, higher levels were detected in sum-

mer than winter. Hazard quotients were determined 

and 3-(4’-methylbenzylidene) camphor (4-MBC), 

2-ethylhexyl 4-methoxycinnamate (EMC) and ben-

zophenone-3 (BP3) presented values >1, which may 

indicate that they may pose an ecotoxicological risk.

Evolution of consciousness of exposure to 
siloxanes – Review of publications 

Mojsiewicz-Pieńkowska K, Krenczkowska D. 

Chemosphere. 2018 Jan;191:204-17.

Abstract
The purpose of this description is to review scientif-

ic literature from 1944 to 2017 as a source of infor-

mation on the reasons for the increased interest in 

siloxanes (silicones). Not only the research area, but 

first, the changes in the tendency of research aims are 

important issues in the evaluation. On the one hand, 

the authors emphasize the unique properties of linear 

and cyclic siloxanes, providing many examples of ben-

eficial applications, and on the other hand, there are 

some warnings of overcoming of the safety barrier of 

their presence in human environment. Analyzing the 

results from the SCOPUS database, it can be argued 

that the increased interest of scientists and govern-

ment agencies particularly relates to the analysis of 

siloxanes in biological and environmental samples. 

This is caused not only by the widespread use of vari-

ous siloxanes in the pharmaceutical, medical, cosmet-

ic and food industries, but also by the direct contact of 

these compounds with tissues, as well as an increased 

access to knowledge and modern research tools 

that have developed the awareness of hazards. The 

development of research methods enables not only 

constant monitoring of progressively lower siloxanes 

concentrations in various samples, but because of the 

specificity of these methods, it also enables an identi-

fication of specific siloxane compounds and evaluation 

of their effects on humans and environment. This pa-

per discusses the issues of the evolution of conscious-

ness of exposure to siloxanes due to their increased 

synthesis and widespread use in many areas of human 

life, which contributes to environmental pollution.

A review of semi-volatile organic compounds 
(SVOCs) in the indoor environment: Occurrence in 
consumer products, indoor air and dust 

Lucattini L, Poma G, Covaci A, de Boer J,  

Lamoree MH, Leonards PEG.

Chemosphere. 2018 Jun;201:466-82.

Abstract
As many people spend a large part of their life in-

doors, the quality of the indoor environment is impor-

tant. Data on contaminants such as flame retardants, 

pesticides and plasticizers are available for indoor air 

and dust but are scarce for consumer products such 

as computers, televisions, furniture, carpets, etc. This 

review presents information on semi-volatile organ-

ic compounds (SVOCs) in consumer products in an 

attempt to link the information available for chemi-

cals in indoor air and dust with their indoor sources. 

A number of 256 papers were selected and divided 

among SVOCs found in consumer products (n = 57), 

indoor dust (n = 104) and air (n = 95). Concentrations 

of SVOCs in consumer products, indoor dust and air 

are reported (e.g. PFASs max: 13.9 µg/g in textiles, 5.8 

µg/kg in building materials, 121 ng/g in house dust 

and 6.4 ng/m3 in indoor air). Most of the studies show 

common aims, such as human exposure and risk as-

sessment. The main micro-environments investigat-

ed (houses, offices and schools) reflect the relevance 

of indoor air quality. Most of the studies show a lack 

of data on concentrations of chemicals in consumer 

goods and often only the presence of chemicals is 

reported. At the moment this is the largest obstacle 

linking chemicals in products to chemicals detected in 

indoor air and dust.

Volatile methylsiloxanes through wastewater 
treatment plants - A review of levels and 
implications 

Capela D, Ratola N, Alves A, Homem V. 

Environ Int. 2017 May;102:9-29.

Abstract
The use of siloxanes has been increasing due to phys-

icochemical properties that are appropriate to be in-

cluded in the formulations of a large variety of con-

sumer products. This implies a considerable release of 
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these chemicals into the environment, which caught 

the attention of the scientific community in view of 

some reports of potential hazardous effects. Howev-

er, the studies related to the presence and partition of 

volatile methylsiloxanes (VMSs) in wastewater treat-

ment plants (WWTPs) are still scarce. The aim of this 

review is to provide a comprehensive assessment of 

the current state of the knowledge concerning the 

presence of VMSs in WWTPs and also a discussion of 

the efficiency of the removal technologies available. 

Levels, fate and behaviour of VMSs in WWTPs were 

reviewed, covering not only the water and sludge 

lines during the treatment processes, but also in the 

surrounding air. Several approaches for the analysis 

of VMSs within the WWTPs have been developed to 

cope with the complexity of the mentioned matrices, 

which led to sometimes challenging protocols. Hence, 

an overview of methodologies normally used was also 

included in the present review. Regarding the waste-

water samples, VMSs have been detected in influents 

in concentrations ranging from a few nanograms to a 

hundred micrograms per litre, in which linear VMSs 

were usually detected in lower levels than cyclic si-

loxanes. The levels of VMSs in effluents were lower 

than those found in influents, suggesting an effective 

removal from the water line. However, they are com-

monly accumulating in the sludge, instead of suffering 

degradation during the treatment process. There-

fore, due to the volatile character of VMSs it can be 

expected that a fraction may be removed in WWTPs 

by volatilization, thus completing the mass balances 

to the whole treatment facilities.

Determination of linear and cyclic volatile 
methylsiloxanes in blood of turtles, cormorants, 
and seals from Canada.  

Wang DG, de Solla SR, Lebeuf M, Bisbicos T,  

Barrett GC, Alaee M. 

Sci Total Environ. 2017 Jan 1;574:1254-60.

Abstract
We measured the concentrations of linear and cy-

clic volatile methylsiloxanes (VMS) concentrations 

in the blood plasma of turtles, cormorants, and seals 

collected from Canadian freshwater and marine eco-

systems. A modified quick, easy, cheap, effective, rug-

ged, and safe (QuEChERS) method was developed 

to quantify the levels of linear and cyclic VMS in the 

plasma samples. The cyclic VMS of hexamethylcyclo-

trisiloxane (D3), octamethylcyclotetrasiloxane (D4), 

decamethylcyclopentasiloxane (D5), and dodeca-

methylcyclohexasiloxane (D6) were present in the 

plasma of all three species. Linear VMS compounds 

were observed only in seal plasma from one contami-

nated site. There was no statistically significant differ-

ence among species and locations for D3, D4, and D6 

concentrations. Average D5 concentrations ranged 

from 0.143 to 7.39ngg-1; these concentrations ap-

peared to be associated with diffuse/urban sources. 

Snapping turtles, cormorants, and seals all exhibited 

elevated D5 concentrations in contaminated sites 

relative to the reference sites. Our data indicate that 

local urban sources of VMS contributed significantly 

to the observed D5 concentrations in free-ranging 
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wildlife. The presence of cyclic VMS in the plasma of 

the three species from Canada demonstrates that 

these chemicals are ubiquitous in aquatic biological 

systems. This finding raises concerns regarding their 

persistence in freshwater and marine environments. 

To the best of our knowledge, this study reports the 

first measurements of VMS compounds in the plasma 

of reptiles, birds, and mammals. 

Quantitative structure-reactivity relationships of 
hydroxyl radical rate constants for linear and cyclic 
volatile methylsiloxanes 

Kim J, Xu S. 

Environ Toxicol Chem. 2017 Dec;36(12):3240-5.

Abstract
An accurate understanding of the fate of volatile 

methylsiloxanes (VMS) in air is crucial for determining 

their persistence and concentrations in the environ-

ment. Although oxidation by atmospheric hydroxyl 

radicals (•OH) is considered as a major degradation 

mechanism for airborne VMS, the existing bimolecu-

lar rate constants with •OH measured and modeled 

for any given VMS compound varied greatly, depend-

ing on the approaches used to generate the data. 

The objectives of the present study were to measure 

•OH reaction rate constants for 4 cyclic and 4 linear 

VMS based on a relative rate method using a new-

ly designed atmospheric chamber and to establish 

structure-reactivity relationships for the kinetics. In 

the past, the reaction rate constants for VMS were 

generally recognized to increase with the number of 

the methyl groups per molecule, the only differen-

tial factor in the existing models. However, the new 

measurements indicated that molecular structure 

should also be considered in the prediction of the 

reaction rates. Better empirical models were devel-

oped by simple and multiple linear regressions of the 

measured values from the present study and the lit-

erature. A high correlation existed for the reaction 

rates with the number of the methyl group attached 

at 2 distinct siloxane structures (i.e., linear and cyclic 

VMS). Even better correlations were obtained with 

one or 2 molecular descriptors that are directly relat-

ed to the size of VMS, which, in turn, not only depend 

on the number of methyl groups, but the linear/cyclic 

structures as well for permethylsiloxanes.

An approach to the environmental prioritisation of 
volatile methylsiloxanes in several matrices 

Homem V, Capela D, Silva JA, Cincinelli A, Santos L, 

Alves A, Ratola N. 

Sci Total Environ. 2017 Feb 1;579:506-13.

Abstract
Siloxane-based compounds are widely used in per-

sonal care, pharmaceutical and household products 

as well as in industrial applications. Among the wide 

variety of these chemicals, special attention has been 

given to volatile methylsiloxanes (VMSs). These com-

pounds have been extensively detected in several 

environmental compartments, as they are not effec-

tively removed from wastewater and may migrate 

through different matrices and being lipophilic, bio-

accumulate and biomagnify in living organisms. In this 

work, a prioritisation methodology for several VMSs 

in different environmental matrices was applied, esti-

mating a hazard quotient by combining exposure eval-

uation through measured or predicted environmental 

concentrations (MEC or PEC) and effects using ec-

otoxicity data to establish no effect concentrations 

(PNEC). VMSs show quite different hazard potentials 

in the environment: for linear VMSs it is not consid-

erable, while for cyclic VMSs the hazard is disperse. 

D4 and D5 may have adverse effects in water, as well 

as D5 and D6 in sediments. This first multi-matrix ap-

proach for the prioritisation of VMSs sets the ground 

for more accurate studies in the future, provided that 

more field-based data are reported.

An aggregate analysis of personal care products 
in the environment: Identifying the distribution of 
environmentally-relevant concentrations 

Hopkins ZR, Blaney L. 

Environ Int. 2016 Jul-Aug;92-93:301-16.

Abstract
Over the past 3-4 decades, per capita consumption 

of personal care products (PCPs) has steadily risen, 

resulting in increased discharge of the active and 

inactive ingredients present in these products into 

wastewater collection systems. PCPs comprise a long 

list of compounds employed in toothpaste, sunscreen, 

lotions, soaps, body washes, and insect repellants, 
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among others. While comprehensive toxicological 

studies are not yet available, an increasing body of lit-

erature has shown that PCPs of all classes can impact 

aquatic wildlife, bacteria, and/or mammalian cells at 

low concentrations. Ongoing research efforts have 

identified PCPs in a variety of environmental com-

partments, including raw wastewater, wastewater 

effluent, surface water, wastewater solids, sediment, 

groundwater, and drinking water. Here, an aggregate 

analysis of over 5000 reported detections was con-

ducted to better understand the distribution of envi-

ronmentally-relevant PCP concentrations in, and be-

tween, these compartments. The distributions were 

used to identify whether aggregated environmen-

tally-relevant concentration ranges intersected with 

available toxicity data. For raw wastewater, waste-

water effluent, and surface water, a clear overlap 

was present between the 25th-75th percentiles and 

identified toxicity levels. This analysis suggests that 

improved wastewater treatment of antimicrobials, 

UV filters, and polycyclic musks is required to prevent 

negative impacts on aquatic species.

The occurrence and fate of siloxanes in 
wastewater treatment plant in Harbin, China 

Li B, Li WL, Sun SJ, Qi H, Ma WL, Liu LY, Zhang ZF, 

Zhu NZ, Li YF. 

Environ Sci Pollut Res Int. 2016 Jul;23(13):13200-9.

Abstract
The occurrence and fate of four cyclic (D3 to D6) 

and 10 linear (L5 to L14) siloxanes were investigat-

ed in influent and effluent wastewater, sludge from a 

wastewater treatment plant (WWTP), and surround-

ing air and soil within the WWTP in Harbin, Northeast 

China. The mean concentrations of total siloxanes in 

influent and effluent were 4780 and 997 ng/L and in 

excess sludge and aerobic sludge were 25.1 and 32.3 

µg/g dw, respectively. The concentrations in air and 

soil within the WWTP were 243 ng/m(3) and 4960 

ng/g dw, respectively. A similar composition profile of 

siloxanes in influent and sludge suggests their same 

source. Seasonal variation with concentration was 

comprehensively studied. It was found that tempera-

ture and rainfall are the two important factors for 

the seasonal variation of siloxanes. Adsorption with 

sewage sludge was the major way for the removal of 

siloxanes during the municipal wastewater treatment 

process. Overall, on a daily basis, the mass loading of 

the Σsiloxanes into the WWTP, out of the WWTP with 

the effluent and sludge, were estimated to be 3.0, 0.6 

and 1.3 kg, respectively. In general, 21 % of siloxanes 

were discharged into the receiving body (Songhua 

River), 43 % of siloxanes were absorbed on sludge, 

and 36 % of siloxanes were lost during the whole pro-

cess of WWTP.

Decamethylcyclopentasiloxane (D5) environmental 
sources, fate, transport, and routes of exposure  

Mackay D, Cowan-Ellsberry CE, Powell DE, 

Woodburn KB, Xu S, Kozerski GE, Kim J. 

Environ Toxicol Chem. 2015 Dec;34(12):2689-702.

Abstract
The environmental sources, fate, transport, and 

routes of exposure of decamethylcyclopentasiloxane 

(D5; CAS no. 541-02-6) are reviewed in the present 

study, with the objective of contributing to effective 

risk evaluation and assessment of this and related 

substances. The present review, which is part of a se-

ries of studies discussing aspects of an effective risk 

evaluation and assessment, was prompted in part by 

the findings of a Board of Review undertaken to com-

ment on a decision by Environment Canada made in 

2008 to subject D5 to regulation as a toxic substance. 

The present review focuses on the early stages of the 

assessment process and how information on D5’s 

physical-chemical properties, uses, and fate in the en-

vironment can be integrated to give a quantitative de-

scription of fate and exposure that is consistent with 

available monitoring data. Emphasis is placed on long-

range atmospheric transport and fate in water bodies 

receiving effluents from wastewater treatment plants 

(along with associated sediments) and soils receiving 

biosolids. The resulting exposure estimates form the 

basis for assessments of the resulting risk presented 

in other studies in this series. Recommendations are 

made for developing an improved process by which 

D5 and related substances can be evaluated effec-

tively for risk to humans and the environment.
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Characterization of ecological risks 
from environmental releases of 
decamethylcyclopentasiloxane (D5) 

Fairbrother A, Burton GA, Klaine SJ, Powell DE, 

Staples CA, Mihaich EM, Woodburn KB, Gobas FA. 

Environ Toxicol Chem. 2015 Dec;34(12):2715-22.

Abstract
Decamethylcyclopentasiloxane (D5) is used in per-

sonal care products and industrial applications. The 

authors summarize the risks to the environment from 

D5 based on multiple lines of evidence and conclude 

that it presents negligible risk. Laboratory and field 

studies show that D5 is not toxic to aquatic organisms 

or benthic invertebrates up to its solubility limit in wa-

ter or porewater or its sorptive capacity in sediment. 

Comparison of lipid-normalized internal concentra-

tions with measured concentrations in benthos indi-

cates that field-collected organisms do not achieve 

toxic levels of D5 in their tissues, suggesting negligi-

ble risk. Exposure to D5 resulted in a slight reduction 

of root biomass in barley at test concentrations 2 or-

ders of magnitude greater than measured D5 levels in 

biosolids-amended soils and more than twice as high 

as the maximum calculated sorptive capacity of the 

soil. No effects were observed in soil invertebrates 

exposed to similar concentrations, indicating that 

D5 poses a de minimis risk to the terrestrial environ-

ment. High rates of metabolism and elimination of D5 

compared with uptake rates from food results in bio-

dilution in the food web rather than biomagnification, 

culminating in de minimis risk to higher trophic level 

organisms via the food chain. A fugacity approach 

substantiates all conclusions that were made on a 

concentration basis.

Fugacity and activity analysis of the 
bioaccumulation and environmental risks of 
decamethylcyclopentasiloxane (D5) 

Gobas FA, Xu S, Kozerski G, Powell DE,  

Woodburn KB, Mackay D, Fairbrother A. 

Environ Toxicol Chem. 2015 Dec;34(12):2723-31.

Abstract
As part of an initiative to evaluate commercial chem-

icals for their effects on human and environmental 

health, Canada recently evaluated decamethylcyclo-

pentasiloxane (D5; CAS no. 541-02-06), a high-vol-

ume production chemical used in many personal care 

products. The evaluation illustrated the challenges 

encountered in environmental risk assessments and 

the need for the development of better tools to in-

crease the weight of evidence in environmental risk 

assessments. The present study presents a new risk 

analysis method that applies thermodynamic princi-

ples of fugacity and activity to express the results of 

field monitoring and laboratory bioaccumulation and 

toxicity studies in a comprehensive risk analysis that 

can support risk assessments. Fugacity and activity 

ratios of D5 derived from bioaccumulation measures 

indicate that D5 does not biomagnify in food webs, 

likely because of biotransformation. The fugacity and 

activity analysis further demonstrates that reported 

no-observed-effect concentrations of D5 normally 

cannot occur in the environment. Observed fugac-

ities and activities in the environment are, without 

exception, far below those corresponding with no 

observed effects, in many cases by several orders of 

magnitude. This analysis supports the conclusion of 

the Canadian Board of Review and the Minister of the 

Environment that D5 does not pose a danger to the 

environment. The present study further illustrates 

some of the limitations of a persistence-bioaccumu-

lation-toxicity-type criteria-based risk assessment 

approach and discusses the merits of the fugacity and 

activity approach to increase the weight of evidence 

and consistency in environmental risk assessments of 

commercial chemicals.

Annex XV Restriction report: Proposal for a 
restriction octamethylcyclotetrasiloxane and 
decamethylcyclopentasiloxane; 2015 

ECHA, European Chemicals Agency [Internet]

[cited 2021 Nov 11]. Available from: https://echa.

europa.eu/documents/10162/9a53a4d9-a641-

4b7b-ad58-8fec6cf26229

Abstract
In November 2012 the PBT Expert Group agreed with 

the dossier submitter that octamethylcyclotetrasilox-

ane (D4) meets the Annex XIII criteria for identifica-

tion as a persistent, bioaccumulative and toxic (PBT) 

and very persistent very bioaccumulative (vPvB) 

https://echa.europa.eu/documents/10162/9a53a4d9-a641-4b7b-ad58-8fec6cf26229
https://echa.europa.eu/documents/10162/9a53a4d9-a641-4b7b-ad58-8fec6cf26229
https://echa.europa.eu/documents/10162/9a53a4d9-a641-4b7b-ad58-8fec6cf26229
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substance and decamethylcyclopentasiloxane (D5) 

meets the criteria for a vPvB substance. Information 

published in the scientific literature since Novem-

ber 2012 supports the conclusions reached by the 

PBT Expert Group. As a contribution to this restric-

tion proposal, the Member State Committee (MSC) 

confirmed that both substances meet the Annex XIII 

vPvB criteria in an opinion issued in May 2015 at 

the request of the Executive Director of ECHA, pur-

suant to Article 77(3)(c) of the REACH Regulation. 

Experience with PBT/vPvB substances has shown 

that they give rise to specific concerns based on their 

potential to accumulate in the environment and cause 

effects that are unpredictable in the long-term and 

are difficult to reverse (even when emissions cease). 

Therefore, the risk from PBT/vPvB substances can-

not be adequately addressed in a quantitative way 

(e.g. by derivation of risk characterisation ratios) and 

a qualitative risk assessment should be carried out 

(see Annex I/6.5 of the REACH Regulation). Emis-

sions and subsequent exposure, in the case of a PBT/

vPvB substance, can be considered as a proxy for un-

acceptable risk.

Both D4 and D5 are high tonnage substances; D4 

has been registered in the 100,000 to 1,000,000 

tonne band and D5 in the 10,000 to 100,000 tonne 

band. They are mainly used as monomers for silicone 

polymers, but also have a direct use in personal care 

products (PCPs), cleaning products and a range of 

other uses detailed in Section B.9.3. Their presence as 

intentional constituents or impurities in a very wide 

variety of consumer products means that they have 

significant potential for environmental release.

A review of the evidence, covered in Section B.4, 

shows that emissions of D4 and D5 to air are unlikely 

to result in significant redeposition to surface waters 

or the terrestrial environment. Therefore, whilst re-

leases to air can be significant and result in long-range 

transport to remote regions, they are unlikely to pro-

vide a significant route of exposure for biota. The key 

concerns for D4 and D5 relate to their persistence 

and accumulation in the aquatic environment, and so 

the aim of this restriction is to reduce releases to sur-

face waters.

The exposure scenarios in the REACH Chemical Safe-

ty Reports (CSRs) were assessed to identify those 

with waste water releases. Updated estimates of EU 

emissions of D4 and D5 in the EU were then collated 

from stakeholders (including the REACH Registrants 

and Cosmetics Europe). The relative contributions of 

the different applications to the total EU emissions 

were evaluated, so that risk management could be 

focussed on those applications that lead to the great-

est risk to surface waters. Wash-off PCPs account for 

the majority of the D5 emitted to waste water at this 

scale. Releases of D4 from wash-off PCPs are much 

smaller, but D4 is included in this restriction as a con-

tribution to its emission reduction and to prevent 

substitution of D5 with D4.

Volatile methyl siloxanes as potential hazardous air 
pollutants 

Gaj K, Pakuluk A. 

Pol J Environ Stud. 2015;24(3):937-43.

Abstract
Due to the more and more common use of siloxanes in 

consumer products and various industries, there has 

been an increase of their concentration in biogases 

produced from sewage sludge and municipal waste 

and, consequently, in the soil, water, and air. This pa-

per presents sources and mechanisms of siloxane mi-

gration to the environment, characterizes types and 

products of their transformations in the atmospheric 

air and during the combustion of biogas, assesses haz-

ards posed to the atmospheric air, and presents the 

results of siloxane concentration measurements in 

biogases and the atmospheric air. It draws attention 

to the new problems that have emerged in toxicolo-

gy and atmosphere protection, outlines directions for 

necessary research, proposes ways to reduce emis-

sions of volatile methyl siloxanes (VMS), and suggests 

the introduction of relevant legislation.

Tissue-based risk assessment of cyclic volatile 
methyl siloxanes 

Redman AD, Mihaich E, Woodburn K, Paquin P, 

Powell D, McGrath JA, Di Toro DM. 

Environ Toxicol Chem. 2012 Aug;31(8):1911-9.

Abstract
Cyclic volatile methyl siloxanes (cVMS) are impor-

tant consumer materials that are used in person-

al care products and industrial applications. These 

compounds have gained increased attention in re-

cent years following the implementation of chemical 
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legislation programs worldwide. Industry-wide re-

search programs are being conducted to characterize 

the persistence, bioaccumulation, and toxicity (PBT) 

properties of cVMS materials. As part of this larger 

effort, a tissue-based risk assessment was performed 

to further inform the regulatory decision-making 

process. Measured tissue concentrations of cVMS 

compounds in fish and benthic invertebrates are 

compared with critical target lipid body burdens 

(CTLBBs) as estimated with the target lipid mod-

el (TLM) to evaluate risk. Acute and chronic toxicity 

data for cVMS compounds are compared with data 

for nonpolar organic chemicals to validate application 

of the TLM in this effort. The analysis was extended 

to estimate the contribution from metabolites to the 

overall cVMS-derived tissue residues using a food 

chain model calibrated to laboratory and field data. 

Concentrations of cVMS materials in biota from sev-

eral trophic levels (e.g., invertebrates, fish) are well 

below the estimated CTLBBs associated with acute 

and chronic effects. This analysis, when combined 

with the limited biomagnification potential for cVMS 

compounds that was observed in the field, suggests 

that there is little risk of adverse effects from cVMS 

materials under present-day emission levels.

Occurrence of cyclic and linear siloxanes in indoor 
dust from China, and implications for human 
exposures 

Lu Y, Yuan T, Yun SH, Wang W, Wu Q, Kannan K. 

Environ Sci Technol. 2010 Aug 15;44(16):6081-7.

Abstract
Siloxanes are used in a wide variety of personal-care 

and other consumer products. Although there is 

clearly a potential for contamination of indoor dust 

with siloxanes, reports of occurrence of siloxanes in 

indoor dust were not available, prior to the present 

study. Here, we have determined the concentrations 

and profiles of four cyclic siloxanes, octamethylcyclo-

tetrasiloxane (D(4)), decamethylcyclopentasiloxane 

(D(5)), dodecamethylcyclohexasiloxane (D(6)), and 

tetradecamethylcycloheptasiloxane (D(7)), as well 

as 11 linear siloxanes, from L(4)-L(14), in 100 dust 

samples collected in China. Cyclic and linear siloxanes 

were found in all dust samples, with the linear silox-

anes L(9)-L(14) being the predominant compounds. 

Concentrations of total siloxanes in dust ranged from 

21.5 to 21,000 (mean: 1540 +/- 2850) ng g(-1). The 

highest concentration of the individual linear silox-

anes, L(9)-L(14), ranged between 2680 and 6170 ng 

g(-1). Concentrations of total linear siloxanes (TLS) 

were 1-2 orders of magnitude higher than concen-

trations of total cyclic siloxanes (TCS), in all indoor 

dust samples. Siloxane concentrations in dust were 

associated with the number of electrical/electronic 

appliances, number of occupants, and smokers living 

in the house. Based on the measured siloxane con-

centrations and on estimated daily ingestion rates of 

dust by toddlers and adults, we calculated the daily 

intake of siloxanes. For adults, daily exposure to total 

siloxanes, based on an average dust intake rate and 

median exposure concentration, was calculated to be 

15.9 ng day(-1); the corresponding value for toddlers 

was 32.8 ng d(-1).

Siloxanes – Consumption, toxicity and alternatives 

Lassen C, Hansen CL, Mikkelsen SH, Maag J. 

Environmental project, 2005, 1031:1-111.

Abstract
Of particular interest to this study are the relatively 

small compounds: Siloxanes with a cyclic structure 

and linear siloxanes with a small Si-O backbone with 

a few Si-O moieties. The most common and the most 

investigated as to toxicity are octamethylcyclotetrasi-

loxane (D4) and decamethylcyclopentasiloxane (D5). 

These compounds are widely used in cosmetic prod-

ucts and maintenance products (e.g. wax) under the 

name cyclomethicone – among other names. In the 

present report different names are used for the same 

compounds depending on the names typically used in 

the different contexts. Many of the compounds are 

volatile, and the users are directly exposed to the com-

pounds when using the products, and the compounds 

are to a high extent released to the atmosphere or to 

wastewater.

Using U.S. EPA’s criteria (United States Environmen-

tal Protection Agency), the screening indicates that all 

substances are of high concern as to environmental 

toxicity, and that the phenyl siloxanes are considered 

very bioaccumulative.
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ABSTRACT

The psychoactive European nightshade plants of the Solanaceae family have a long history of ethnobotanical use 

in Europe. Despite their many varied uses, however, they are often associated with witchcraft as a result of their 

toxicity and psychoactive potential. There are many other interesting historical uses for these plants that deserve 

our attention. One such use is their history as cosmetics. Used for both medicinal purposes and enhancing beauty, 

these plants have been largely ignored by modern research, and may thus present a future source of important, 

previously untapped cosmetic products.
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INTRODUCTION

For as long as humans have walked this earth, we have 

been making use of the natural world around us—not 

only to survive, but to thrive. The plants that we found 

in our environments offered us not only the essentials 

of life such as food and shelter, but also allowed us to 

create art, adorn our bodies, create gardens, and care 

for our appearances. Such cosmetic applications of 

plants extend back even beyond our written history, 

and have played important roles in many societies 

around the globe and continue to do so to this day.

Ethnobotany is the study of humans and our uses of 

(and interactions with) plants, and offers us a unique 

window into the history of botanical cosmetics. One 

group of plants that warrants discussing from this 

point of view are the psychoactive plants of the night-
shades, botanically referred to as the Solanaceae 

family. When we talk about these plants in a Europe-

an context, we are generally referring to a few relat-

ed species: Atropa belladonna L. (deadly nightshade), 

Datura stramonium L. (thornapple), Hyoscyamus niger 

and albus L. (black and white henbane), Mandragora 

spp. (mandrakes) and Scopolia carniolica Jacq. (hen-

bane bell).

These plants have been used for millennia in Europe 

for a range of applications, including as medicines, 

poisons, recreational substances, ritual intoxicants 

and many others (1). Though they contain anticholin-

ergic tropane alkaloids that are psychoactive and tox-

ic, the plants of this group have still played a crucial 

role in the folk traditions of many cultural groups in 

Europe for thousands of years. 

Though research has shown limited current use of 

these plants in Europe, they do continue to be used 

in some parts of the continent, especially the Bal-

kan Peninsula (2). Despite this decline in use over 

the ages, these plants represent a largely untapped 

resource in pharmacognosy research. As a result of 

their potential toxicity and psychoactivity, research 

on their applications appears to be limited compared 

to safer plants. One particular aspect of their poten-

tial use that is especially ignored involves their cos-
metic applications. 
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WITCHING PLANTS

Despite their history of use, which can be traced back 

at least as far as the ancient Greeks, these night-

shades are often best known in association with 

witches and the European witch hunts of the Middle 

Ages. Perhaps as a result of their known toxic and psy-

choactive properties, these plants came to be associ-

ated with witches. 

In this time, witches were thought to create evil oint-
ments that they would use to allow them to fly and 

make pacts with the devil, and it was believed as far 

back as the 1400s that these plants played an import-

ant role in such ointments (3). Beliefs about these 

ointments varied, however. Though some individuals 

actually believed that they granted the witch the abili-

ty to fly and travel to demonic sabbaths with the devil, 

others saw them as being purely fraudulent, or even 

as simply causing hallucinations of such experiences 

(4, 5). Much of the truth of these ointments has been 

distorted over time, as many of the associated confes-

sions were obtained through the torturing of accused 

witches, who would often admit to almost anything to 

make their pain end (6). Many vile ingredients were 

listed during such confessions, such as baby fat, sug-

gesting that those being tortured were trying to think 

of disturbing substances that would appease those 

torturing them (7).

Ointments using these nightshades undeniably exist-

ed, but their actual connection to witchcraft or devil 

worship has never been proven. Instead, these oint-

ments were used dermally as medicines, but also 

as a form of recreational substance among the poor 

who could not afford the more expensive substances 

of high society (8, 9). Interestingly, however, these 

ointments did not appear to have any association with 

cosmetic uses. 

DERMAL MEDICATIONS

Perhaps the most extensive dermal use that we have 

seen historically for these plants has been their appli-

cation as medicinal creams, ointments, poultices and 

unguents, or even as raw or cooked plant material ap-

plied directly to the skin. Through dermal application, 

these Solanaceae plants were used to treat a range of 

dermatological ailments, as well as many deeper-seat-

ed pains and concerns. We see, however, that their 

painkilling properties were generally the primary rea-

son for their dermal applications.

In ancient Greece, Hyoscyamus spp. were dermally 

applied to treat inflammation, joint pain and problems 

with the eyes (10, 11), while Mandragora spp. were 

similarly applied to tumours, sore joints and the eyes, 

and were used to heal wounds, combat infection and 
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cure snake bites (11–13). These preparations were 

also dermally applied before surgeries in order to act 

as local anaesthetics (12). 

Moving into the Middle Ages and the centuries that 

followed, Atropa belladonna ointments and unguents 

were used to treat inflammation and ulcers, and a 

range of different types of sores and skin disorders 

(14–18). Hyoscyamus spp. were used to treat skin 

parasites, and were used on wounds, inflammation, 

tumours, and sore muscles and joints (15,16,18,19). 

The use of Mandragora spp. declined significantly 

during this period, but some dermal applications were 

still employed (20). Datura stramonium is not native 

to Europe; it was brought over from the Americas 

during this period and began to be used for inflam-

mation, haemorrhoids, tumours and a range of skin 

diseases (14, 15, 21). Though less used than the other 

plants of this group – possibly as a result of its limited 

range – Scopolia carniolica was also used in this peri-

od for cosmetic purposes, as a treatment for a range 

of skin ailments (14).

Over the last couple hundred years, dermal applica-

tions for these Solanaceae plants have declined fur-

ther, though some have continued. Atropa belladon-
na continued to have a fair amount of popularity as 

a topical medication, and was used to treat various 

pains, sore joints and muscles, rheumatism and ulcers 

(22–27). Datura stramonium was used to treat pain, 

swelling and rheumatism (28–30), while Hyoscyamus 

spp. were used for rheumatism, sore joints and inflam-

mation (24, 26, 31–33). Mandragora spp. preparations 

became even rarer, although it is still used to a lesser 

extent to treat sore joints and muscles (26). 

As previously noted, the analgesic effects of the alka-

loids contained in these nightshades were the prima-

ry reason for their popularity as topical medications. 

This is unsurprising, as their painkilling properties 

were so strong as to allow for their use in surgeries, 

both as topical applications and when taken internally. 

This use, however, largely fell out of practice after the 

use of opium became widespread in Europe (34). 

HISTORICAL USE AS COSMETICS

The anticholinergic European nightshades have also 

been used as products to change the appearance of 

their user. Perhaps the best-known example of the 

use of these plants for such purposes can be found by 

looking into the past to Venetian women. Many claim 

that Atropa belladonna was used by high-society wom-

en in Venice in order to enhance their appearance. 

The anticholinergic tropane alkaloids such as hyoscy-

amine and scopolamine that are found in these plants 

are known to have powerful effects on the dilation 
of human pupils. Cases of poisoning involving these 

plants are often marked by blurred vision as a result 

of widened pupils, while these compounds are still 

used in ocular medicine as pupil dilators (35, 36). 
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Venetian women supposedly used Atropa belladon-
na as eye drops for just this purpose; large pupils are 

said to have been viewed as beautiful, and as a result 

the powers of these plants were employed (37). The 

story goes that the species name (belladonna) was 

given to the plant as a result of this usage, with the 

name meaning ‘beautiful lady’ in Italian. However, it is 

important to note that historical information on this 

usage is not entirely conclusive. 

Atropa belladonna has also been used for other cos-

metic applications. In addition to its use for widening 

pupils, it has also been claimed that the plant was used 

as a kind of natural rouge for the cheeks (38). This 

again can be explained by looking to the toxicological 

profile of poisonings from these plants. Their previ-

ously mentioned tropane alkaloids are also known to 

cause flushing of the skin in many cases when ingest-

ed (36). As these alkaloids are known to be able to 

enter our bodies through dermal contact, it is entirely 

possible that such an application could create a local-

ised reddening of the skin. 

Indeed, it seems Italy is the most widely documented 

area in terms of the cosmetic uses of the hexing herbs. 

In addition to the uses of Atropa belladonna discussed 

above, other plants from this group have played less-

er-known roles in the pursuit of beauty over the years. 

Hyoscyamus niger, for example, has also been used for 

cosmetic purposes. Around the eleventh century A.D., 

this plant was used as a form of hair dye, a use unique 

among these plants (39). Additionally, oil was known 

to be extracted from the seeds of Hyoscyamus niger. 

The seed oil was then rubbed on the skin and was be-

lieved to cause body hair to grow more slowly (40). 

This, however, was not the only use for the seeds of 

this plant; they were also said to have been burned, 

with the smoke then being useful for cracked lips (40). 

Mandragora spp. are also known to have been used as 

cosmetics. Indeed, among these Solanaceae plants, 

this is the one whose cosmetic history extends the 

furthest back into the past. As far back as ancient 

Greece, these plants were used as topical ointments 

that were applied to scars. Such use was said to be of 

benefit to the skin, causing a decrease in the appear-

ance of the scars it was applied to (11).

CONCLUSION

Despite the past history of their use as medicines, as 

well as those intended purely for altering appearanc-

es and increasing beauty, antiholinergic Solanaceae 

plants have fallen out of fashion in the majority of 

Europe. Research on them within this context is like-

wise limited, likely due to their toxicity and psycho-

activity. That being said, these plants still represent 

an interesting future direction in cosmetic research, 

where they may hold the key to future products as of 

yet to be discovered.
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ABSTRACT

New extraction processes of the green chemistry enable the use of agricultural residues for the production of 

substances with high added value in an environmentally friendly way. Grape skins, seeds, stems and leaves, and 

residues of the wine industry present a great source of cosmetically active substances. In the article, we present 

innovative development at the Škrlj company, i.e. systems for supercritical CO
2
 extractions, and sub- and supercrit-

ical water extractions.
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ABOUT GRAPE VINE

The grape vine (Vitis vinifera) is a flowering plant 

of the Vitaceae family, which comprises more than 

500 different plant species, grouped into 16 genera 

(1). Based on genetic analysis, Alleweldt and Dett-

weiler (2) estimated that there are over 40,000 vine 

cultivars, of which 15,000 have been identified and 

described in detail. Due to its nutritional value and 

medicinal properties, the wild grape vine and its fruits 

were harvested as early as in the Neolithic period, 

and its use in medicine was officially recorded around 

5000 BC (3). 

With the development of modern science, the 

biological properties of the grape vine were also sci-

entifically proven in accordance with modern guide-

lines. Grape juice is a rich source of sugar for the 

production of alcoholic beverages. It also contains 

amino acids, organic acids, phenolic compounds, fiber 

(polysaccharides), vitamins and minerals. In addition 

to juice, the remaining material, such as grape skins, 

seeds, stems and leaves, presents a great source of 

bioactive substances (4). These residues are usually 

discarded and composted, or at best used for fertili-

sation, although this is not always recommended due 

to their acidic nature. However, modern extraction 

methods enable residue processing and the ex-

traction of valuable bioactive components.

The leaves and stems contain a wide range of com-

pounds, including organic acids (e.g. maleic, oxalic, 

fumaric, ascorbic, citric and tartaric acids), vitamin E, 

carotenoids and other terpenes, tannins and polyphe-

nols that have been shown to have a beneficial effect 

on the human body (5, 6). The most important poly-

phenols that can be extracted from grape residues us-

ing modern extraction methods are flavanols (e.g. epi-

catechin and gallocatechin), flavonols (e.g. quercetin 

and myricetin), anthocyanidins (e.g. pelargonidin and 

cyanidin) and resveratrol. These are all secondary me-

tabolites that the plant synthesises during the phase 

of growth in order to provide colouration, which can 

affect pollination and help respond to various envi-

ronmental stresses, and also for protection against 

pathogens and pests (7, 8). 

Grape stems, usually discarded after harvest as a 

useless residue, contain significant amounts of the 

mentioned polyphenols that have a high antioxidative 

potential (8, 9). Grape skins that remain after grape 

pressing are also an important source of bioactive 

components. They are used for the extraction of an-

thocyanidins, flavonols, flavan-3-ols and resveratrol, 

which play an essential role in antioxidative support 

(10, 11).

GREEN EXTRACTION METHODS

The industrial extraction of bioactive compounds de-

pends on many variables, with the extraction method 

and the organic solvent used playing a major role. 

Conventional extraction methods usually require 

large amounts of organic solvents, high energy expen-

diture, long extraction times and demanding post-ex-

traction processes. 

This is the driving force behind the growing interest 

in the use of new technologies, based on the princi-

ples of so-called green chemistry and related tech-

nologies. The main purpose of green technologies is 

to reduce the use of toxic organic solvents in order to 

protect human health and the environment through 

the entire life cycle. As green extraction processes 

evolve, scientists continue to develop new ‘green’ 

solvents, such as supercritical and ionic liquids and 

solvents produced with biotechnological production 

processes, and modern physicochemical approaches, 

such as extraction with pressurised liquid (PLE), ultra-

sound-assisted extraction (UAE), microwave-assisted 

extraction (MAE), pulsed electric or magnetic field 

assisted extraction (PEF, MEF), high-voltage electri-

cal discharge (HVED), extraction with the use of high 

hydrostatic pressures (HHP), etc. (12).

A typical example of a combination of both approach-

es is supercritical fluid extraction, which is well estab-

lished in the extraction of bioactive components, as it 

takes place in an inert environment and at relatively 

low temperatures. What characterises this extraction 

process is its high selectivity, low operating costs, and 

easy and complete removal of solvents from the final 

product.

Any chemical compound can be used as a supercriti-

cal solvent, provided that it can enter the supercriti-

cal state under certain conditions (critical pressure p
k
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and critical temperature T
k
). Carbon dioxide (CO

2
) is 

frequently used as a solvent in the extraction of bio-

active components from agricultural waste and resi-

dues mainly because it enters the supercritical state 

under moderate conditions (p
k
 = 73.4 bar, T

k
 = 31 °C), 

meaning the extraction process can be performed 

at low temperatures. In addition, carbon dioxide is a 

common, nontoxic, inert and inexpensive gas, the use 

of which also helps reduce the carbon footprint. That 

is why it is also frequently used in the extraction of 

bioactive components from the vine grape and wine 

production residues. It should be noted, however, 

that the use of pure CO
2
 is often not sufficient to effi-

ciently perform the extraction process. It is therefore 

combined with organic solvents (e.g. ethanol) in or-

der to extract the full range of bioactive components, 

which also increases the costs, as alcohol must then 

be removed. Products obtained from vine leaves, 

stems, grape skins and seeds are very useful and usu-

ally quite expensive. Consequently, extraction pro-

cesses are subject to extensive research in the field of 

extraction process modelling and kinetics, and their 

successful implementation (13–17).

INNOVATIVE DEVELOPMENT AT THE 
ŠKRLJ COMPANY

As an established manufacturer of winemaking equip-

ment, the Škrlj company has recognised the advantag-

es of using the residues and waste produced during 

grape vine cultivation and wine production to obtain 

bioactive components, as their value in the cosmetics 

and food industries, as well as medicine is increasing.

The Škrlj company develops and manufactures lab-

oratory, semi-industrial and industrial supercritical 
CO2 extraction systems, and is also actively develop-

ing sub- and supercritical extraction systems that use 

water as a solvent. The company is among the leading 

global producers of the aforementioned high-innova-

tion extraction systems (18).

As part of these activities, we have developed a work-

ing application for the production of polyphenol-en-

riched grape flour from waste grape skins that remain 

after pressing. The flour is a high-protein and glu-

ten-free substitute for conventional flour. We have 

also developed an application for the extraction of 



Likon M. Wine industry residues as a source of cosmetically active ingredients: Promising potential of supercritical CO2 extractions.  
Cos ACTIVE J. 2021;1:56–60 59 

tocopherol-enriched oil from the remains of crushed 

grape seeds, which are obtained after the cold press-

ing. Up to 95% of the oil that remains after the cold 

pressing is obtained from the waste using supercrit-

ical extraction, which presents up to 50% of the oil 

contained in grape seeds before the cold pressing 

process.

We have developed a supercritical extraction system 

(Figure 1), named Škrlj MoSES (Modular Supercriti-

cal Extraction System). MoSES enables the addition 

of modifiers, which combined with supercritical CO
2,

 

significantly expand the range of compounds that can 

be extracted. Due to the non-polarity of the solvent, 

CO
2
 extraction is limited to the extraction of simple 

nonpolar to slightly polar components. The addition 

of polar solvents (usually ethanol or water), which are 

used as modifiers, greatly increases the polarity of the 

medium, allowing the extraction of polar and more 

complex components, such as protein complexes. As 

a result of active technological development, we have 

managed to upgrade the MoSES system to operate at 

ultrahigh pressures up to 1000 bar, which enables the 

extraction of complex compounds without the use of 

modifiers.

Figure 1: Automatic supercritical extraction system Škrlj 
MoSES (upper) and device operation diagram (ower).

CONCLUSION

New approaches in the development of extraction 

processes enable the use of agricultural residues and 

waste for the production of bioactive components 

with a high added value in an environmentally friend-

ly way. Supercritical CO
2
 extraction can even directly 

reduce the carbon footprint, which is the basis for the 

industry’s adaptation to the circular economy model 

and for industrial eco-symbiosis.
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MEET THE PROPULSIVE MESSENGERS OF  
THE CosmEthically ACTIVE COSMETICS ERA – 
Matinata and Flower and Spice
Nina Kocevar Glavac

Hardly anyone would have dared to predict the beauty revolution. However, we have witnessed 

the quiet rise of indie beauty brands on the natural cosmetics market, followed by them outgrow-

ing their niche trend over the last decade. Today, indie beauty brands are becoming strong rivals of 

the conventional cosmetics industry. This is stimulating and thrilling, and brings fresh wind to the 

world of cosmetics.

The key attributes that made this possible seem to be quite simple. You have to be different and 

unique. But it takes so much more. If any, then it is the new generation of cosmetic brands that have 

gone through all the different challenges and certainly deserve our attention.

Today, dear readers, I wish to introduce two passionate women who had the vision and courage to 

step onto the competitive indie beauty road: Ms. Ivanka Ćosić-Prižmić, the founder of Matinata, 

and Ms. Karmen Novak, the founder of Flower and Spice.

I have asked them to present the uniqueness of their brands as seen in their eyes, to share some 

details of their formulating work, to express their opinion about the CosmEthically ACTIVE certi-

fication, and to reveal some tiny secrets and personal thoughts.

Let these two excellent cosmetic stories be your inspiration!
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About Matinata
Interview with Ivanka Ćosić-Prižmić, the founder

Launch year
2020

The uniqueness of Matinata
Matinata brings nature and science together to cre-

ate active organic skincare, driven by our passion to 

nurture the skin with the most effective skin-nour-

ishing botanicals Mother Nature has to offer. The 

answer to maintaining healthy and glowing skin is a 

healthy skin barrier. That is why we are focused on 

improving the skin’s natural function. We have care-

fully put together ingredients in ideal concentrations 

to nourish and protect the skin.

We are advocates of a slower approach to beauty that 

encourages self-acceptance, well-being and joie de 
vivre. Our mission is to honour and protect authentic 

and natural beauty.

Target audience
A Matinata woman is a 30+, educated, curious woman 

with healthy habits who takes care of her well-being 

holistically. Her skin shows the signs of aging such as 

dryness, dehydration, lines and wrinkles, uneven skin 

tone, but rather than fighting them, she takes care of 

her skin naturally.

The most important milestone(s)
For Matinata and me personally, the most important 

milestone in our first year is gaining loyal and return-

ing customers. We cannot compete with marketing 

budgets, so we’re beyond happy that almost 80% of 

our customers come back for products.

Key challenge(s)
The biggest challenge is to find the right voice and 

messages to explain the key differentiators from oth-

er cosmetic products on the market, by using limited 

marketing budgets. The Croatian market still does not 

see natural cosmetics as a sustainable choice but as 

an emerging trend.

Another challenge is to explain the prices of a well-for-

mulated natural skin care product. It is obvious that 

artisanally developed and professionally manufac-

tured natural cosmetics cannot be three times cheap-

er than high-end brands of conventional cosmetics. 

But many natural cosmetic producers sell at low 

prices with ingredients of questionable quality, which 

might confuse the market, send a wrong message and 

create the expectation of low prices.

Formulation work

How do you start formulating a new product?
The first question that I ask myself is: ‘What does the 

skin need?’ I inspire myself by exploring literature, ob-

serving what others have created, what women talk 

about on social media, and what the bloggers write. 

All of this can give you many ideas, but the root of 

everything is what the skin truly needs. And that is 

not a trendy thing.

How many versions of your best-performing 
products did you make in the formulation phase?
When I was formulating the re.glow oil serum I spent 

a lot of time and effort understanding the compo-

sition of plant oils and their absorption rates. As my 

background is in engineering, I have developed an al-

gorithm that designs the serum to contain fast, medi-

um and slow absorbing oils to keep the skin hydrated 

longer. Another idea behind the re.glow oil serum is 

that it contains all the omega acids that are beneficial 

for skin’s health, with a desirable ratio between ome-

ga 3, 6 and 9. After the ‘formulating-on-paper’ work, it 

took about 20 trials to get the product ready.

On the other hand, the re.vamp moisturiser was a 

‘do-not-stop-until-it’s-perfect’ game, to achieve an 

exceptional equilibrium between hydration and skin 

www.matinataskincare.com
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nourishment, with a silky and luxurious texture, and 

a feminine and relaxing scent. There were more than 

50 trials. Sometimes there were only slight changes 

needed, such as 0.2% of one ingredient in the formula, 

but that changed the texture of the final product.

Whatever the approach is, the main characteristic of a 

formulator is patience. 

Is there something that you would have done 
differently if you were starting again?
No, I learned a lot from all my wrong decisions.

CosmEthically ACTIVE certification

Where do you see the main added value for your 
cosmetics line? Who would you recommend the 
certificate to?
The primary added value is the message to my cus-

tomers that professionals have tested and validated 

the products. The certification is a strong attribute in 

building brand confidence. I would recommend it to 

any brand developing skincare products for people 

and the environment. It positions you as a brand that 

cares.

What was your experience with the certification 
process?
The overall process was very smooth and timely. From 

the early stages, it was very clear what I had to ensure. 

I have also received valuable advice regarding formu-

lation, particularly on using products in combination. 

Our relationship was based on a partnership where I 

could rely on the supportive experts at CosmEthically 

ACTIVE.

About the founder

Which part/characteristic of you is imprinted in 
the story of Matinata?
When it comes to my life and my body, I would not say 

I like to compromise. I believe that we all deserve to 

live in harmony with nature, not only when it comes to 

cosmetics, but also food, clothing, our living environ-

ment and our free time. That’s why I wanted Matinata 

to be as organic as possible. What I want for myself 

and my loved ones, I want for my customers.

Who has been the most indispensable person 
on Matinata’s journey?
There were two: my husband, who supported me 

emotionally, and Dr. Nina Kocevar Glavac, who I am 

grateful to for trusting in me. They both pushed me 

beyond my limits.

How do you find the proper work-life balance?
Work-life balance is a state of mind. I do not see it as 

a sequence of activities that you do regularly. Each 

human being needs a purpose that drives everything. 

When you achieve that purpose, everything falls into 

place. And that’s what I think of as balance.

How do you envision cosmetics to be in 10 
years?
The cosmetics market is so hectic and crowded to-

day that consumers are very confused. I would like 

to witness a shift in the consumer mindset, not just 

about cosmetics but about any consumption deci-

sions. I would also like to witness a change in humans 

finally seeing themselves as being a part of this plan-

et, and that everything we do, we do for our and our 

children’s wellbeing. Consequently, we will see the 

change in the cosmetics industry towards natural and 

sustainable choices. It is really a shift in awareness 

and knowledge rather than setting a new trend.

www.matinataskincare.com
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About  
Flower and Spice
Interview with Karmen Novak, the founder

Launch year
2018

The uniqueness of Flower and Spice
Flower and Spice is a high-performance premium nat-

ural skincare brand. Each formulation is created using 

only botanicals of the finest quality, ensuring that the 

products nurture the skin and elevate the mood. The 

brand’s mission is to create potent and effective prod-

ucts and emphasise that skincare is not just about 

beauty but a part of general well-being.

Target audience
Women who are 25 to 40 years old and seek natu-

ral skincare without compromising on quality and 

efficacy

The most important milestone(s)
2019 – A multiyear distribution contract with a com-

pany from Hong Kong, targeting the Chinese market

2021 – Entering the salon & spa market 

Key challenge(s)
While building a company as a single founder, the big-

gest challenge is wearing so many different hats. The 

second biggest challenge is generating enough reve-

nue to grow and develop.

Formulation work

How do you start formulating a new product?
When I decide on a new formulation, I first ask my 

customers what they want and what they are missing 

in my line. After I have decided on a product, I start 

to research ingredients, what is already available on 

the market and what people are looking for or what 

is missing. I usually buy several competing brands and 

try to figure out what it is that I would do differently, 

what I would change, and then I try to do it. The search 

for meaningful ‘flower and spice’ combinations is also 

very important since this is our core brand strategy, 

so there should be at least one flower-based and one 

spice-based ingredient. This has never been a chal-

lenge because there are so many amazing ingredients 

out there. After I have created a formula, my partner 

laboratory in Switzerland helps me with the technical 

part, testing, etc.

How many versions of your best-performing 
products did you make in the formulation phase?
That depends on how quickly I am satisfied or what I 

have learned in the process and want to improve or 

change. Let’s say from 5 to 15.

Is there something that you would have done 
differently if you were starting again?
So far, I am very happy with my journey, so I would not 

change a thing!

Current activities and future plans
We are getting ready to launch our 5th product, a face 

cleanser, next year, and we have been already working 

on an SPF cream.

CosmEthically ACTIVE certification

Where do you see the main added value for your 
cosmetics line? Who would you recommend the 
certificate to?
I think that the Cosmetically Active certification is a 

great ‘umbrella’ that covers several important fac-

tors of a good brand and quality products as it checks 

activity, ethical and a cruelty-free approach. I would 

recommend it to anyone who would like to make their 

customers an additional promise that we are doing 

everything possible to make the brand good for the 

people and the planet.

flowerandspice.com
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What was your experience with the certification 
process?
The process was quick and professional.

About the founder

Which of your characteristics is imprinted in the 
story of Flower and Spice?
This is a difficult one. I would probably say there are 

many! My number one priority is quality and integrity 

in everything I do, which includes building my brand 

and company in the same way.

Who has been the most indispensable person 
on the Flower and Spice’s journey?
That would be my partner who has been by my side, 

supporting me, and cheering me up every step of the 

way. I could not do it without him.

How do you find the proper work-life balance?
Still searching!  With more and more work, I try to 

not take work too seriously and I try not to worry too 

much. Since Flower and Spice is a kind of a holistic 

business, working with natural skincare brings many 

benefits that bring me balance along the way.

How do you envision cosmetics to be in 10 
years?
I think that skincare is becoming a part of general 

well-being more and more, so not just beauty, and 

that is also the main benefit of Flower and Spice. 

With Flower and Spice you get more than just skin-

care because we try to calm your mind as well, and in 

this way help you with your mental health and general 

well-being.

flowerandspice.com



 







Plant and Ocean Based  
Personal Care Ingredients

The global personal care market is evolving and is becoming 
ever more complex in its processes. Consumers demand more 
transparency on the composition, production and supply chain 
of their products. This is the main driver for the back-to-nature 
trend, as they seek products that are natural, ethically and 
sustainably sourced and produced by using and generating as 
minimal hazardous substances as possible.

JRS’s Home and Personal Care Business Unit offers a portfolio of natural and 
biodegradable ingredients sourced from cellulose, fruit, grain and algae. 

These ingredients are COSMOS certified, ALLERGEN- and GMO free and can 
be used in VEGAN formulations. And, with the move towards more ‘food grade’ 
ingredients for personal care formulations, the JRS product portfolio is also 
HALAL and KOSHER certified.

The portfolio offers natural alternatives to synthetic 
microbeads, effect powders and ‘liquid plastics’, for a 
wide variety of applications, including hair, skin, sun, oral, 
hygiene and color cosmetics. 

The VIVAPUR® and VIVASTAR® ranges can be used as natural rheology 
modifiers. VIVAPUR® CS Tex Easy can be used as a thickener and stabilizer 
with a non-sticky feel, making it particularly suitable for skincare formulations. 
VIVASTAR® CS 132 HV modifies rheology by forming a transparent gel and is 
therefore suited for clear applications. The VIVASTAR® CS Alginate range is 
produced from specially sourced Alginates from Landerneau, France.

The VITACEL® CS range offers an alternative to synthetic microbeads. 
Products of varying particle sizes are available, depending on the extent of 
exfoliation required. The grades are ideal for body and facial scrubs, toothpastes 
and in hair products to massage the scalp. These natural exfoliants offer a perfect 
balance between aesthetics and functionality as they come in a range of colors.

JRS also offers alternates to synthetic powders and fibers. The VIVAPUR® 

and VITACEL® grades present an alternative to commonly used PMMA, 
Nylon, PE, Boron Nitride and Silica powders and fibers. These are increasingly 
used as effect powders to enhance sensory experiences. The VIVAPUR® and 
VITACEL® range can assist spreadability, wrinkle smoothing, mattifying, opacity 
and smoothness. The VITACEL® range also includes products sourced from 
apple, orange, oats and green tea, giving the formulator a toolbox of products of 
different sources, particle size, morphology and color. 

VITACEL® fruit and grain fibers are easily biodegradable by-products of a closed-
loop system. Whether a result of harvesting or juice production, JRS processes and 
refines these by-products to create biopolymers that offer excellent properties for 
the cosmetics industry – eliminating waste and ensuring optimal use of resources!

The VITACEL® and VIVAPUR® ranges have been recognized, with JRS being 
awarded the “Baden-Württemberg Environmental Technology Award” for 
microplastic replacement made of plant fibers for use in cosmetics, the PCHI 
Fountain Award in recognition of JRS’ Green/Sustainable initiatives, the Cosmebio 
Ingredient Award and the BSB Innovation Cosmetic and Environment Awards.

About JRS: JRS Rettenmaier Austria is a member of the family-owned J. Rettenmaier Group. Our 
headquarters are in Rosenberg, Germany with over 3.500 employees worldwide. With 140+ years 
of experience, we are experts in sustainable, natural and biodegradable ingredients and are the 
largest producer of INCI: Cellulose and INCI: Microcrystalline Cellulose products worldwide, with 
global regulatory, technical and service network support and local operational support. 



READY TO MAKE BEAUTY TREND RESEARCH EASY?

Your Lab Membership Includes

Introducing 

INFO-PACKED LIBRARIES TO SUPPORT YOUR FORMULATION JOURNEY

�e Lab Libraries

BECOME A LAB MEMBER AT FORMULABOTANICA.COM/JOIN-LAB

MONTHLY MINI LABS
Bite-sized mini lessons

on trending topics.
Ingredient profiles, equipment
guides & sample formulations.

Learn new skills
from industry experts.

Detailed lectures on topics
that motivate & inspire.

Monthly workbook & quiz
to test your knowledge.

Global community
to network with.

LAB LIBRARIES LIVE MASTERCLASSES

LAB LECTURES LAB QUIZZES LAB COMMUNITY

The Lab at Formula Botanica, an exclusive members-only 
community for monthly VIP training in organic formulation, 

botanical ingredients research & indie beauty 
entrepreneurship.

+ NEW 
MINI LABS

EVERY MONTH

20+ Mini Labs
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HYDROLATS 100% NATURAL 100% PURE
Make your cosmetic product even more active* Use Bonistra hydrolats in your formulations*

Jana Bergant* jana@bonistra.si* www.bonistra.si  

Aromatic mediterranean plants* Pure spring water* Artisan and seasonal distillation* Wide spectrum of volatile organic compounds* 
Carefully selected 500ml glass bottlesor 10 liter LDPE bag-in-box packaging* Filtered before packing* No preservative added* 
GC-MS analysis* GMP standard* CosmEthically ACTIVE certified*





Turopolje 7, 8310 Šentjernej, Slovenia
info@arxfarm.com
www.arxfarm.com

CosmEthically ACTIVE ‘Must-Have’ BEAUTY BOX
The	beauty	box	contains	three	carefully	
selected	natural	products,	with	ingredients	
of	the	best	quality	used	in	evidence-based	
concentrations.

For your face:	an	oil	serum	that	will	repair	
and	nourish	your	skin,	and	a	cream	that	will	
hydrate	it	extensively.	For your body: body	
butter	that	will	nurture	and	pamper	your	
skin	from	head	to	toe.

Science-based
The	first	beauty	box	with	active	natural	
cosmetics	that	were	approved	by	scientists.

The highest quality and value
By	choosing	the	CosmEthically	
ACTIVE	‘Must-Have’	box,	you’ve	
chosen	science-based,	skin-	and	
animal-friendly,	respectful-of-
nature	and	high-performing	
cosmetics.

DISCOVER MORE AND ORDER NOW!

moderncosmethics.com 
> product > cosmetics-box

A wonderful 
present and an 

amazing gift 
idea

https://moderncosmethics.com/product/cosmetics-box/


   The	world’s most comprehensive book  
about	cosmetic	ingredients	of	natural	origin.

   Written by scientists
   Sold	in	88 countries.

Ingredients	of	Natural	Origin,	A	Scientific	View,	Volume	1

DISCOVER MORE  
AND ORDER NOW!
moderncosmethics.com

 CONTENT 

482 pages,	24	chapters	and	
290	monographs	describing	
more than 500 ingredients,	
including	their	natural	
sources,	characteristics,	
the	mechanism	of	action	
and	use;	with	rich graphic 
material.	Based	on	a	review	
of	scientific	in	vitro,	in	vivo	
and	clinical	studies.

INTENDED FOR

professional	and	DIY	
cosmetic	formulators;	
cosmetic	scientists,	
pharmacists,	dermatologists	
and	students	of	natural	
sciences;	natural	cosmetic	
users.

MAIN OBJECTIVE

High-quality	information	
about	cosmetic	ingredients	
of	natural	origin	to	raise	
awareness	about	natural	
cosmetics	to	a	higher	level.

KNOWLEDGE  
IS THE KEY.



Creating a new era of natural cosmetics
New concept of cosmetics certification
CosmEthically ACTIVE is the first certificate that reviews natural cosmetics with a  

science-based approach about cosmetic efficacy. It differs from all other certificates 

by recognising products that contain the right ingredients in suitable concentrations 

to deliver the desired cosmetic activity, by evaluating the concentrations of cosmeti-

cally active ingredients in a cosmetic product.

The certificate represents a unique understanding of natural cosmetics that are based 

on the skin’s physiological needs, high dermal compatibility and good environmental 

acceptability, supported by the highest level of science-based knowledge.

   SCIENTIFIC EVALUATION OF A COSMETIC PRODUCT

   NATURE ABOVE ALL WHEN SELECTING INGREDIENTS

   USE OF INGREDIENTS IN COSMETICALLY ACTIVE CONCENTRATIONS

   RATIONAL USE OF INGREDIENTS WITH NO REDUNDANCY

   HIGH LEVEL OF DERMAL COMPATIBILITY

   PURSUIT OF ETHICAL PRINCIPLES WITH NO ANIMAL TESTING

Scientific review
The main added value and uniqueness of the CosmEthically ACTIVE certificate is the 

scientific assessment of a cosmetic product during the certification process, made 

by independent cosmetology scientists. Scientific evaluation is a guarantee that 

CosmEthically ACTIVE certified products are of the highest quality and truly natural, 

active, skin, animal and environmentally friendly.

CosmEthically ACTIVE certified brands

cosmethicallyactive.com

https://www.mylo.sk/
https://bonistra.si/
https://www.avoila.com/
https://flowerandspice.com/
https://www.etsy.com/shop/MadresCosmetics
https://matinataskincare.com/
https://www.mayarula.si/
https://www.natcosmetics.si/
https://primitivance.com/
https://rendez-vous-nature.fr/
https://juventina.si/
cosmethicallyactive.com
moderncosmethics.com
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