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Introduction. In the cosmetic industry, increasing attention is being paid to the
creation of natural and eco-friendly products. One important direction is the use of
plant powders, such as rosemary, lemon balm, lavender, blue barberry, and algae,
specifically Chlorella and Cladophora, as they contain a wide range of bioactive
compounds — anthocyanins, chlorophylls, carotenoids, rosmarinic acid, and more.
However, these components often exhibit low stability under the influence of
temperature, light, and humidity, which limits their effective use in cosmetic products.
Therefore, stabilizing plant powders to preserve their active properties over time is an
important task.

One effective way to stabilize these powders is by using clays, diatomite, and
LDH (layered double hydroxides), which serve as carriers for active ingredients. Their
varying structure has a significant impact on the release rate of active components,
which is crucial for the development of cosmetic products that should provide both
quick and prolonged effects.

The aim of this work is to study the impact of the carriers' structure on the
stabilization and release of bioactive substances, such as pigments from plant powders,
as well as their use in the creation of effective cosmetic formulations.

Methods and Materials

1. Synthesis of Composite Materials

For the development of composite materials, clays (kaolin, bentonite, and
galuzite), diatomite, and LDH were used. Clays and diatomite serve as carriers for plant
powders, such as powders from rosemary, lemon balm, lavender, blue barberry, and
algae — Chlorella and Cladophora. All materials underwent preliminary treatment to
enhance their stability and adsorption properties.

Clays: Kaolin, bentonite, and galuzite were used. Kaolin has a denser structure,
which ensures the rapid release of active substances, while bentonite and galuzite with
a more porous structure provide a gradual release of active ingredients.

Diatomite: Used as a source of silica, it has high surface activity and a porous
structure that allows for effective stabilization of active components.

LDH: Thanks to its layered structure, it is capable of retaining and releasing
active components such as anthocyanins, chlorophylls, and carotenoids.

2. Research Methodology
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Mechanochemical Activation: A method of mechanochemical activation was
used to synthesize composites, which allows for the even distribution of active
ingredients in clay and diatomite matrices.

UV-Visible Spectroscopy: Used to study the release of chlorophylls, carotenoids,
and other bioactive substances from plant powders and composites.

Effectiveness Testing: Evaluation of moisturizing, antibacterial, antioxidant, and
soothing properties of the compositions using relevant tests (DPPH, antibacterial
activity, etc.).

RANA Program: The RANA information system was used to assess the safety
level of the obtained compositions and plant materials. This program allows for the
calculation of the composition and the determination of the safety level of products
based on their components. Safety evaluation is done on three parameters: Cancer,
Developmental & Reproductive Toxicity, Allergies & Immunotoxicity. The results for
all compositions were in the green range (1 to 33), indicating their hypoallergenic and
safe nature.

Discussion of results. The developed composite materials demonstrated high
effectiveness in stabilizing bioactive components, specifically pigments (chlorophylls,
carotenoids, anthocyanins), within cosmetic products. The study of the structure of the
carriers revealed that the porosity and density of the clays, diatomite, and LDH affect
the release rate of active components.

Clays with denser structures (such as kaolin) provide rapid release of active
substances, making them ideal for cosmetic products that need to act quickly and
effectively.

Bentonite and galuzite, with more porous structures, contribute to gradual and
sustained release of active ingredients, ensuring a prolonged effect on the skin.

Diatomite stabilizes active components, including pigments, and allows for their
controlled release, enhancing the effectiveness of products like masks and creams.

LDH demonstrated high effectiveness in capturing and stabilizing pigments and
antioxidants, allowing for the creation of products with long-lasting effects.

The plant powders, stabilized by these carriers, maintained their bioactivity and
were released effectively, making them ideal for use in cosmetic products.

Conclusions. The developed composite materials based on clays, diatomite, and
LDH are effective carriers for stabilizing and releasing bioactive components, such as
pigments from algae (including Chlorella and Cladophora) and higher plants. The use
of these materials allows for the creation of eco-friendly, stable, and effective products
for the cosmetic industry. Controlled release of active ingredients ensures the long-
lasting effects of cosmetic products, meeting the contemporary demands of the natural
cosmetics industry.

The results of this work have significant practical implications for the
development of innovative natural cosmetic products, which can be applied in
therapeutic and decorative cosmetics, as well as in other fields requiring stable and
effective cosmetic products.
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