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RETHINKING COSMETIC INGREDIENTS
THROUGH BIOMIMICRY

This methodological guide, designed for the
cosmetic formulation professions, offers a new
framework for integrating biomimicry at the
ingredient level. Organized around ten fundamental
principles, it shows how to explore the mechanisms
of living organisms and translate them into each
stage of design: from the identification of biological
models to the transformation of materials, through
the functional expression of properties and the
assessment of environmental and health impacts.

While cosmetics already engage in dialogue with

living organisms - through its application substrates,

THE G UIDE the origin of its raw materials or its quest for
naturalness - the challenge today is to go further.
Biomimicry appears as a genuine driver of
innovation: it allows the creative potential of the
sector to be renewed while being part of a
comprehensive and sustainable health approach,
where performance and responsibility advance
together.

The result of the work of the Cosmimetic Group, an
alliance of industrial players committed to an
ambitious vision of bio-inspired cosmetics and
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OF THE LIVING WORLD
AND BIO-INSPIRED
CURIOSITIES
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Innovation in the beauty industry is driven by trends (natural
ingredients, biotechnology, digital technology, etc.) and by meeting
consumer needs (product effectiveness, attention to ingredients,
well-being, etc.). In such a highly competitive market, how can
companies stand out with innovative, disruptive offerings?

Biomimicry is an approach thatinvolves transforming a biological
observation into a potential innovation. Two complementary
approaches are developed to:

- Address a specific problem,

- Let oneself be surprised by new properties in living organisms.
This second approach facilitates the exploration of a largely
unexploredreservoir of some 2 million species, with an evolutionary

history spanning 3.8 billion years, in every corner of our planet, with
the aim of opening new avenues for innovation.
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THE LIVING
WITHOUT BORDERS

The cosmetics industry often limits its sources of inspiration to the
human body and to organisms selected as sources of raw materials
(seeds, flowers, roots, bark, etc.). Fish, birds, insects, mollusks... a
significant portion of biodiversity thus escapes its attention.

Biomimicry invites us to explore the entire living world: all species, at
all scales, in all ecosystems. Itis, therefore, first and foremost a
source of boundless inspiration, drawing from any biological model.

The next step in the process involves translating the mechanisms,
structures, and properties observed in living organisms into an
innovative solution that complies with ethical standards (both social
and environmental), particularly regarding the sourcing and
production of raw materials.
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FUNCTIONAL

NGREDIENTS ﬁ

HOTSPOTS

In the cosmetics and pharmaceutical industries, the search for
substances with desirable properties typically involves molecular
screening (testing collections of up to a billion molecules). How can
we navigate this biological big data more effectively?

In the methodological approach of biomimicry, focusing on
functionality is the step that bridges the gap between biology and
innovation in other fields of application.

This functionality-driven exploration of living organisms helps
identify biological contexts that are particularly conducive to
identifying ingredients of interest. Species-specific traits,
geographical characteristics, or responses to environmental
stresses trigger the production of functional ingredients.
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(BIO)DIVERSITY
OF MECHANISMS :
FROM CHEMISTRY
TO PHYSICS

The development of a new cosmetic formula relies primarily on the
unique molecular combination of active ingredients and excipients.
What if innovation allowed us to go beyond the very concept of
ingredients?

The evolutionary history and diversity of living systems have given
rise to a wide variety of mechanisms for producing the same
property: chemical, physical, biological ... Their combination is
invaluable for providing versatility and adaptability.

|t is therefore possible to seek alternatives to ingredients and
biochemistry by focusing on physical organization of matter, and on
the scales of the involved mechanisms and structures (from
nanometers to millimeters), and the temporal nature of these
phenomena.

~~ Cosmimetic
#% _group






N
—
I_
%
LLl
o
O
oz
al

ALL-IN-ONE SOLUTION P\
THROUGH =0
MULTIFUNCTIONALITY
OF LIFE

The formulation of a complex product sometimes resembles the
mere juxtaposition of ingredients in order to combine their individual
functions. Consumers’ growing scrutiny of product ingredients, along
with the need to simplify the management of raw materials and
environmental waste, calls for a drastic simplification of ingredient
lists on labels.

Life is the result of a delicate balance between universality (70% of
genes shared between humans and sea urchins) and diversity (no
fewer than 950 species of sea urchins). Biochemistry and
biomolecules reflect this duality, featuring common building blocks
combined with numerous variations.

Evolutionary history and diverse contexts have endowed biological
molecules with a certain versatility that allows them to
accommodate trade-offs in properties. This multifunctional potential
is a key asset for minimalist cosmetics.
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SEARCHING FOR THE
STRUCTURE-FUNCTION
LINK

Despite the wide variety of industrial materials (formulations, soft
materials, packaging, etc.), there is a high degree of uniformity in the
organization of the material (chemical composition, microstructure).
In contrast, biological materials exhibit highly complex structural
arrangements at all scales: a simple crustacean shell is organized at
8 to 10 different scales ranging from the nanometer to the millimeter
scale (fiber alignment, multilayer organization, spiral configuration,
controlled porosity, etc.)...
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Inliving organisms, starting at the molecular level, the spatial
organization of matter contributes to confer one or more biological
functions (structural or metabolic). Biomimicry allows us to navigate
the complexity of biology in order to:

- Simplify living systems to return to their essential target function,
thereby bypassing part of the evolutionary history that gave rise to
this complexity;

- Take advantage of this property: a higher level of organization
allows different interesting properties to emerge from simple
building blocks.
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SYNERGY-EFFECTS:
THE INGREDIENT
IN ITS ELEMENT

The purification of plant extracts or the extraction of active
ingredients are standard steps in the processing of natural raw
materials for cosmetic use. By isolating a molecule, these processes
allow it to be concentrated and its activity to be enhanced;
however, this approach forgoes potential synergies present in the
original context.
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Biochemistry is a complex set of processes in equilibrium. The
physicochemical environment (presence of inhibitors or catalysts,
pH, temperature, etc.) plays a decisive role in regulating biological
activity.

Beyond the ingredient itself, biomimicry encourages a more
systemic, multi-scale perspective that also takes into account
contextual factors that are more conducive to the desired function.
In a biomimetic approach, this may involve recreating the right
conditions or, more naturally, eliminating certain purification steps.
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Examples

- Phase transition : in spider abdomen, pH variation under flow drive the production of
silk fibers
- Regulatory molecules: activators and inhibitors affect enzymatic activity
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LIFE’S |
MANUFACTURING

Although often less visible than productinnovation, process
innovation presents a major opportunity to reduce environmental
impacts and costs, thereby providing significant competitive
advantages.

Can we produce our materials in the same way that living organisms
build the structures that make them up? Can we view a cell as a
miniature chemical factory? Can we draw a parallel between the
material-energy balance of a company or a region and the
metabolism of an organism or an ecosystem?

Biomimicry draws inspiration not only from biological systems but
also from the processes in which they operate, as well as their
methods of production and transformation. This involves relying on
the same physical and chemical mechanisms and adhering to the
same constraints (local, energy-efficient, controlled toxicity, etc.).
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BIOMIMICRY &
NATURAL SUBSTANCES,
A WINNING
COMBINATION ?

a )

Alongside the rise of biomimicry, the cosmetics industry has
standardized concepts related to natural ingredients: bio-based
and minimally processed. What synergies should be fostered at the
intersection of these concepts and biomimicry?

While naturalness refers to a very material-based approach to
biological substances, biomimicry is a much more conceptual
approach: drawing on the structures and mechanisms of living
organisms to rethink our systems. The implementation of a bio-
inspired solution can be more or less closely aligned with living
organisms: an eco-designed artificial system, nature-based
solutions, or, in a hybrid approach, the use of biotechnology.

Naturalness and biomimicry can thus coexist through the synergistic
combination of natural substances transformed by bio-inspired
processes and integrated into biomimetic mechanisms. The
solutions proposed in this coherent approach are more likely to align
with the dynamics of the environment in which they will be deployed.
They have greater potential to meet the needs of circularity,
sustainability, and safety.
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FROM
PERFORMANCE
TO ROBUSTNESS

For health and safety, competitiveness, and customer satisfaction
reasons, all industries are focused on improving the performance of
their products and processes. However, taking this optimization to
the extreme in an increasingly volatile world can have adverse
effects.

The concept of performance is directly linked to the context in which
it is implemented. “Under given conditions, a system said to be high-
performing is one of the best at performing a given function.” But as
soon as conditions change, this performance can prove to be very
fragile. On the contrary, the robustness observedin living systems—
as defined by Olivier Hamant—is a more suitable response to a
fluctuating world. Itinvolves being able to maintain a property under
varying conditions... The goal is to be able to maintain a property
under a much wider range of conditions. Biomimicry encourages us to
rethink the criteria for innovation, shifting our focus from performance
to robustness.

Depending on the scale (molecular, anatomical, ecosystemic), the
resilience of biological systems is based on concepts such as
diversity, redundancy, decentralization, regeneration, and self-
repair.
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