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Abstract

Cosmetics manufacturers are becoming increasingly interested in chitosan due to its
interesting biological and technical properties, which include being a natural conditioning
and moisturising agent for the skin and hair. Indeed, according to the European Commission
database Cosing (https://ec.europa.eu/growth/tools-databases/cosing/details/ 75065),
the functions assigned to chitosan in cosmetics are film forming and hair fixing.
This review discusses the unique physicochemical and functional properties of chitosan,
the market for chitosan-based skin care and hair products and recent advances. Finally,
Sfuture perspectives regarding applications of this biopolymer in cosmetics are discussed.
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1.  Introduction

The modern cosmetics industry places great emphasis on producing products
that are safe for humans and the environment [1, 2]. Legal regulations regarding
the introduction of cosmetics to the European Union (EU) market are very restrictive
and regulate the process at every stage [3]. Much attention has been paid to environmental
pollution, to which the cosmetics industry also contributes. The ingredients approved
foruse in cosmetics are constantly monitored to minimise the adverse effects of these products
on the environment. Recently, there has been a trend towards reducing ingredients used
in cosmetics formulations, and some environmentally unfriendly ingredients have been
banned foruse inthe production of cosmetics. Forexample, microplastics have been gradually
removed from cosmetics and are not recommended as abrasives in scrubs, toothpaste
or other product formulas [4, 5]. Cosmetics producers prefer to use raw materials
of natural origin, including plant, animal and mineral raw materials. Natural ingredients
are also sought after by consumers. The growing awareness of cosmetics users encourages
them to analyse the composition of the product before purchasing it. A modern consumer
pays attention not only to the presence of natural active ingredients, such as plant extracts,
vitamins, plant oils and essential oils, but also to other ingredients that make up the product,
including emulsifiers, thickeners, preservatives and humectants [6-8].

Polymers, especially those of natural origin, are a very interesting group of compounds
used to produce many conventional and novel cosmetics. Natural polymers, also named
biopolymers, represent a specific class of renewable and biodegradable materials
that are important in high-performance production [9]. Among biopolymers, proteins
and polysaccharides are the main ingredients used in cosmetics applications. Collagen
[10, 11], gelatine [12], elastin [13], silk [14] and keratin [15] are very common in modern
cosmetics used for skin, body, hair and oral care; as make-up; and as decorative products.
Polysaccharides are also popular; the most frequently used in the cosmetics industry
are sodium alginate [16], xanthan gum [17], starch [18], hyaluronic acid [19, 20], cellulose
[21], carrageenan [22], pectin [23] and chitin and its derivatives [24, 25]. Biopolymers
are safe for the skin, biocompatible, environmentally friendly, non-toxic and widely
available, so their use in cosmetics has continued to grow [26]. In cosmetics formulations,
biopolymers are utilised as rheology modifiers, thickeners, emulsifiers, hydrators,
destabilisers, film formers and fixatives [27]. Of note, the presence of biopolymers
affects the properties and effects of cosmetics. One of the most characteristic features
of biopolymers and their derivatives is moisturising properties. They hydrate skin, reduce
transepidermal water loss (TEWL) and act as a barrier due to film formation on the skin
surface [28].

Chitin is a natural biopolymer that occurs in the shells of crabs, shrimp and insects
and in the cell walls of fungi and algae [29]. However, chitin is more useful when transformed
into chitosan following a partial deacetylation process under alkaline conditions [30].
Chitosan and its derivatives (e.g. carboxymethyl chitosan and hydroxypropyl chitosan)
have physicochemical and biological properties that allow for their application in a broad
range of hygiene products and personal care cosmetics [31].

Cosmetics ingredients present on the EU market are regulated by Regulation (EC)
No 1223/2009 of the European Parliament and of the Council of 30 November 2009
on cosmetic products. Chitin and chitosan, as animal by-products, are not on the list
of substances that are prohibited (Annex II — List of substances prohibited in cosmetic
products) or allowed with restrictions (Annex III — List of substances which cosmetic
products must not contain except subject to the restrictions laid down) for use in cosmetics
[3]. Moreover, Annex 2 of Regulation (EC) No 1223/2009 in position 419 bans the use
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of substances that meet the definition of Category 1 and 2 materials as defined
in Articles 4 and 5, respectively, of Regulation (EC) No 1774/2002 of the European
Parliament and of the Council of 3 October 2002, and ingredients derived there from.
This regulation establishes the health rules concerning animal by-products not intended
for human consumption, including animal by-products used in cosmetics. Thus, animal
by-products are allowed in cosmetics manufacturing if they comply with purity, safety
and hygiene requirements. This review summarises the existing knowledge about chitosan
as a cosmetics ingredient.

2. Physicochemical Properties of Chitosan

Chitosan (Figure 1) is a linear polysaccharide derived from chitin (Figure 2),
which is found in crustaceans and insects. To obtain chitosan, chitin must undergo
deacetylation, whichresultsintheremoval ofacetyl groups and repeating units of glucosamine
and N-acetylglucosamine [32, 33]. Its molar mass varies based on the source
andprocessing, influencingviscosity,mechanicalpropertiesandbiologicalactivities. Chitosan
with a higher molecular mass from a few thousand to over a hundred thousand Daltons
is linked to enhanced bioadhesive properties [34—36]. The degree of deacetylation, expressed
as a percentage, signifies the extent of chitin conversion to chitosan, impacting solubility,
charge density and bioactivity. Higher deacetylation increases the positive charge
and improves solubility in acidic conditions [37]. Chitosan is initially insoluble in water
at neutral pH due to positively charged amino groups but becomes soluble in acidic
conditions (pH < 6.5) upon protonation, enabling interaction with negatively charged
molecules [38, 39]. Chitosan’s ability to form gels and to swell in aqueous solutions
is utilised in drug delivery and hydrogel preparations [40]. It exhibits thermal stability
up to a certain temperature, making it applicable in processes involving elevated
temperatures. With absorption and adsorption capabilities, especially for heavy metals
and dyes, chitosan contributes to environmental remediation and wastewater treatment
[41]. Overall, the diverse physicochemical properties of chitosan make it a versatile
material with applications in various fields.

Chitosan faces some limitations in its solubility depending on its molecular structure
and pKa [42]. Chitosan and chitin have been defined and differentiated by their different
solubility profiles. Chitin is insoluble in organic solvents, whereas chitosan has limited
solubility: it is soluble in all acidic organic solvents like acetic acid (1%—3%), tartaric
acid and citric acid (4%) at pH < 6.5. This limited solubility of chitosan is due to its highly
crystalline structure, which enhances inter- and intra-molecular hydrogen bonding.
However, tailoring chitosan based on chemical modifications and derivatisation makes
it soluble in a wide range of pHs. Chitosan shows a strong cationic character
when added to acidic solutions due to the presence of a primary amine group on its backbone.
These positively charged groups interact with counter ions (e.g. drugs, excipients, ions
and polymers) [43].
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Figure 1. The chemical structure of chitosan.
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Figure 2. The chemical structure of chitin.

3.  Functional Properties of Chitosan

Many physicochemical properties, such as solubility and charge, are pH dependent.
Chitosan is positively charged in acidic conditions and suitable for applications like drug
delivery and wound healing. Its low toxicity further enhances its suitability for medical use,
ensuring safety in pharmaceuticals, medical devices and food preservation applications [44].
Chitosan’s lack of immunogenicity is a significant advantage in scenarios where unwanted
immune responses need to be minimised, particularly in the fields of tissue engineering
and drug delivery [45]. The material’s robust mechanical properties, including
its film-forming ability and structural strength, enable its use to create films, membranes
and scaffolds. These applications find relevance in areas such as wound dressings
and controlled-release drug delivery. Chitosan’s distinctive gel-forming ability
and swelling capability are harnessed in the development of gel-based formulations
and hydrogels, providing solutions for controlled-release drug-delivery systems and other
biomedical applications [40]. The bioadhesive properties of chitosan allow it to adhere
effectively to biological surfaces [46]. This adhesive ability is particularly valuable
in drug-delivery systems requiring targeted and prolonged release. Inherent antimicrobial
activity adds another dimension to chitosan’s functionality. Its ability to inhibit
the growth of bacteria and fungi makes it a sought-after material in wound dressings, food
packaging and antimicrobial coatings. Chitosan’s metal ion chelation capacity, facilitated
by its amino and hydroxyl functional groups, renders it effective to remove heavy
metals from water, contributing to environmental remediation efforts. Moreover,
chitosan’s absorption and adsorption capabilities, especially for heavy metals and dyes,
find applications in environmental remediation and wastewater treatment, showcasing
its multifaceted functional properties [47]. Figure 3 shows the many applications
of chitosan, and Table 1 lists some of the functional properties of chitosan.

"
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Figure 3. The major applications of chitosan.
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Table 1. A list of some of the functional properties of chitosan.

Property Reference
Biodegradability [48]
Biocompatibility [48, 49]

Antimicrobial activity [50]
Antioxidant [51]
Mucoadhesive [52]
Antihyperglycaemic [53]
Antibacterial and antifungal [54, 55]
Wound healing [56-59]
Antitumoural [60]
Anti-inflammatory [61]
Absorption and permeation enhancer [62]
Film-forming ability [63, 64]
Chelation [65]
Drug delivery [59, 52, 66—69]
Haemostatic effect [70, 71]
Immunostimulation [72]
Ability to absorb and retain water [73, 74]

4.  Chitosan in Skin Care Cosmetics

With its high molar mass, chitosan is widely utilised in the cosmetics industry to produce
skin moisturisers, offering a cost-effective alternative to hyaluronic acid. It is incorporated
into creams, lotions, anti-ageing cosmetics, nail care items and cleansing materials.
The antimicrobial and antifungal properties of chitosan make it suitable for oral care
products, such as toothpaste and mouthwashes, contributing to fresh breath and preventing
plaque formation [75].

Chitosan can form a protective film on the skin’s surface upon application and thus act
as a barrier, reducing TEWL and enhancing skin hydration. Additionally, its hydrophilic
nature attracts and binds water molecules, promoting skin moisturisation. Chitosan fills
in fine lines and wrinkles upon application on the skin surface, improving their appearance
for a temporary flawless and smooth effect [76]. Figure 4 shows the effect of chitosan
applications on the skin.

Due to its cationic nature, chitosan exhibits inherent antibacterial properties.
The positively charged amino groups interact with microbial cell membranes, disrupting
their integrity and leading to microbial death or growth inhibition. This mechanism renders
chitosan effective against acne-causing bacteria and other microbes, making it suitable
for skincare products designed for acne-prone skin. Chitosan’s multifaceted actions on skin
physiology contribute to its anti-ageing effects. As a potent antioxidant, chitosan scavenges
free radicals generated by environmental stressors, protecting skin cells from oxidative
damage and premature ageing. Furthermore, chitosan stimulates collagen synthesis
in the dermis, promoting skin elasticity and firmness. Its ability to induce cell proliferation
and tissue regeneration aids in repairing damaged skin, further enhancing its anti-ageing
effects. In wound healing, chitosan deposition on the skin surface creates a network
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structure, stimulating collagen synthesis and supporting tissue regeneration, displaying
biocompatibility, biodegradability and antibacterial properties. Its gentle exfoliating
properties aid in removing dead skin cells, ensuring a smoother complexion and facilitating
wound healing [56, 77, 78].

smoothness

TEWI moisture attraction

dryness surface hydration

wrinkles penetration

elascity

Figure 4. The effects of chitosan application to the skin surface.

Chitosan gel particles, with their moisturising properties, are adept at encapsulating
hydrophilic cosmetics ingredients and penetrating the dermis for effective dermal delivery.
Chitosan may have some ultraviolet-absorbing properties, making it a potential ingredient
in sunscreens. Its potential as a sunscreen relies on its specific attributes, including
the source, molar mass and degree of deacetylation. Although there has been insufficient
research on how chitosan’s characteristics influence its effectiveness as a sunscreen,
applying a hybrid system film on the skin surface is a viable approach to mitigate
the effects of ultraviolet (UV) radiation exposure. While it is not a replacement
for dedicated sun protection ingredients, it can offer additional benefits and contribute
to the overall formulation [79]. Chitosan’s anti-inflammatory properties make it suitable
for skincare products designed for sensitive skin. Moreover, research has shown a significant
reduction in sebum levels after using cosmetics formulations containing chitosan, attributed
to its ability to form complexes with sebum and thus hindering its accumulation
on the skin’s surface [76, 80].

Several brands use chitosan in their skin care cosmetics products [81]. Table 2 shows
some commercially available skin care products with chitosan listed as an ingredient.
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chitosan [81].

Table 2. Some examples of commercially available skin care cosmetics that contain

Product

Manufacturer

Application

Under Eye Collagen 24k Gold
Anti-Aging Eye Masks

Arlega (United States)

Mask

Intense Formula Day to Night

Mirabella (United States)

Facial moisturiser/

Moisturiser treatment
Moisturizing Hand Sanitizer, Babington Soap Co. Hand sanitiser
Uplifting Lemongrass (United Kingdom)
Environmental Shield Essential Murad (United States) Facial cleanser

— C Cleanser

Clarifying Cream Cleanser

Murad (United States)

Facial cleanser

High Amplify Wonder Boost

Matrix (United States)

Styling mousse/foam

Ultimate Miracle Worker Night
Multi Rejuvenating Nighttime,
Serum in Cream

Facial moisturiser/
treatment

Philosophy
(United States)

5. Chitosan in Hair Care Cosmetics
With its positively charged amino groups, chitosan interacts with the negatively charged
components of the hair, forming a complex. This interaction creates an elastic film
on the hair surface, enhancing its softness, smoothness and mechanical strength.
The film-forming ability of chitosan is attributed to its high molar mass and biopolymer
structure, which allow it to adhere to the hair shaft and to provide structural support [76].
Chitosan’s film-forming properties establish a protective layer on the hair shaft,
reducing mechanical damage, such as breakage and split ends. By reinforcing the hair
structure, chitosan helps to improve hair texture and resilience. Additionally, the film
formed by chitosan adds thickness and volume to individual hair strands, enhancing
the overall appearance and volume of hair. Its hydrophilic nature enables it to attract
and retain moisture within the hair shaft, preventing excessive drying and maintaining
optimal hydration levels. This moisture retention property softens the hair and reduces frizz
by smoothing the hair cuticle and minimising static electricity. Chitosan’s conditioning
properties stem from its ability to form a protective film on the hair surface, smoothing
out roughness and imparting a glossy finish. This film also helps to seal the hair cuticle,
preventing moisture loss and enhancing the hair’s overall texture and appearance [75, 76].
Chitosan’s antimicrobial properties contribute to scalp health by inhibiting the growth
of microorganisms, thus reducing the risk of scalp conditions such as dandruff [82].
Additionally, the protective film formed by chitosan on the hair surface helps to retain hair
colour by minimising colour fading due to environmental factors such as UV radiation
and washing. Chitosan’s film-forming ability aids in detangling hair by reducing friction
between hair strands, making combing easier and minimising breakage [83]. Furthermore,
chitosan’s potential to promote tissue repair is beneficial for addressing damaged hair,
as it helps to strengthen the hair structure and improve overall hair health. In styling
products like gels and mousses, chitosan’s film-forming properties provide a flexible hold
and structure to the hair, allowing for the creation of defined hairstyles. This film also
helps to protect the hair from environmental stressors and maintain the desired hairstyle
throughout the day [76].
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Several brands use chitosan in their hair care cosmetics products [81]. Table 3 lists
some commercially available hair care products with chitosan listed as an ingredient.

Table 3. Some examples of commercially available hair care cosmetics products
that contain chitosan [81].

Product Manufacturer Application

Don’t Despair, Repair Super

; L Briogeo (United States Conditioner
Moisture Conditioner geo ( )

Hair Care Don’t Despair Repair!

Super Moisture Conditioner Briogeo (United States) Conditioner

Instant Volume Volumizing
Spray Gel

High Amplify Wonder Boost Matrix (United States) Styling mousse/foam

Instant Lift Volumizing Mousse | Kristin Ess (United States) | Styling mousse/foam

Aussie (United States) Styling gel/ lotion

One Signature Shampoo

with Avocado Oil + Castor Oil Kristin Ess (United States) Shampoo
Moisture Rich Curl Conditioner
for Dry Damaged Curly Kristin Ess (United States) Conditioner
+ Wavy Hair
Touchable Hold Spray Gel, Herbal Essences Styline eel/ lotion
Scent Notes of Lily (United States) ying &

Pro-V Volume and Body

Anti Frizz Hair Mousse Pantene (Hong Kong) Styling mousse/foam

Orlando Pita Play

. Hair treatment/ serum
(United States)

Overnight Hair Mask

Weightless Shine Working

. Kristin Ess (United States) | Hair treatment/ serum
Hair Serum

Living Proof

Curl Enhancer (United States)

Hair styling aide

6.  Prospects and Challenges of Chitosan in Cosmetics Applications

According to contemporary global cosmetics trends, it is necessary to develop and obtain
environmentally friendly cosmetics in terms of the product itself and the packaging.
Care for the environment and the growing ecological awareness of consumers have
required manufacturers to change the formulas of conventional cosmetics. Indeed,
the shift from using ingredients from petrochemical sources to ingredients with a more
ecological profile has been observed for a long time [ 1, 8]. Chitosan and its derivatives, which
combine valuable physicochemical and biological qualities such as biocompatibility,
biodegradability, non-toxicity, antibacterial activity and film-forming -capabilities,
are promising ingredients in this new trend in the cosmetics market. Chitosan is particularly
helpful for preparing hair care formulations due to its electrostatic interaction capabilities
with negatively charged substrates [24, 76]. So, it is an appropriate ingredient for treating
damaged hair because it forms polymeric films that help condition hair. Moreover, chitosan
is an ideal component for moisturising and anti-ageing skincare products due to its ability
to create films, providing water while preventing dehydration. For this reason, chitosan
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can be found in face, hand and body creams. Moreover, it is also an ingredient in deodorising
products; dental care products; and coloured cosmetics such as lipstick, eye shadow
and nail polish [84, 85].

A significant limitation related to the use of biopolymers, including chitosan,
in the cosmetics industry is associated with the need to standardise and optimise chitosan
isolation and purification on a large scale. Generally, it is highly challenging to obtain
a biopolymer with sufficient purity and source reliability [24]. Chitosan isolated
from different sources may have different physicochemical and biological properties,
which constitutes a significant difficulty in the production of cosmetics. When changing
the supplier of chitosan, the manufacturer cannot be sure that it will obtain a batch
of the cosmetics with repeatable properties. The method of obtaining and purifying
this polysaccharide also results in the relatively high price of this raw material
as a cosmetics ingredient [86].

There has recently been a growing aversion among consumers towards
animal-derived cosmetics ingredients because they can give rise to irritative or allergic
reactions [87]. Moreover, many cosmetics producers have limited the use of raw materials
of animal origin in the formulation of cosmetics due to the spread of animal diseases, such
as bovine spongiform encephalopathy (BSE), widely referred to as ‘mad cow disease’,
transmissible spongiform encephalopathy (TSE) and avian influenza (bird flu). Many
cosmetics ingredients have been replaced by similar substances extracted from plants
or of a biotechnological origin. In the case of chitosan, there has been an increase in interest
in obtaining it from mushrooms for cosmetics purposes, especially in the production
of increasingly popular vegan cosmetics. These products are created primarily without
animal suffering, with ethical standards (cruelty free) and with respect for the entire
ecosystem, emphasising the defence of biodiversity [88].

Chitosan has been widely used in biotechnology, agriculture, medicine and pharmacy,
wastewater treatment, food and cosmetics despite its poor solubility. Its solubility can
be improved by modifying its functional hydroxyl, amino and acetamide groups, which
can form various new derivatives with improved physicochemical properties [38, 89].
According to the Coslng database (https://ec.europa.eu/growth/tools-databases/cosing/
details/74825), chitosan derivatives are increasingly being used in the design of modern
cosmetics preparations — for example, carboxymethyl chitosan as a film-forming,
gel-forming and viscosity-controlling agent (https://ec.europa.eu/growth/tools-databases/
cosing/details/74825). A very interesting example of modifying chitosan for cosmetics
applications is adding hydrophobic moieties to its backbone. This modified chitosan
is much more amphiphilic than the parent biopolymer, thus expanding its utility
in cosmetics applications. The uses of N-alkylated or N-acylated chitosans with diverse
degrees of substitution and hydrophobicity include, among others, mascara, moisturising
creams, wrinkle-reducing products, shampoos, conditioners, blemish concealers
and controlled-release matrices for fragrance [90]. Another example of innovative
applications of chitosan and chitin are bioactive, biodegradable chitosan films containing
chitin nanofibrils developed for face masks [91, 92]. Moreover, chitosan has been used
to design nanoparticles for skin delivery. Chitosan nanoparticles can deliver the active
and cosmetics components through the skin and can be used as a cosmetics delivery
system [93, 94]. Even though chitosan is not as popular in the cosmetics industry as other
biopolymers, interest in this polysaccharide as a cosmetics ingredient continues to grow.
Thus, the use of this polysaccharide paves the way for a potential future in developing
novel cosmetics formulations.
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7.  Conclusions

Natural polymers are ingredients that manufacturers use eagerly because they fulfil some
of the main requirements of the green cosmetics industry. Consumers are increasingly
paying attention to the composition of cosmetics and want them to be as natural
as possible. Chitosan is not a particularly popular ingredient in cosmetics compared
with other biopolymers, which means that the valuable properties of this polymer have not
yet been fully exploited in the cosmetics industry. Perhaps the popularity of this ingredient
will increase in the future. Inconveniences associated with introducing it into cosmetics
formulations could be eliminated due to the possibility of modifying the properties
of chitosan thanks to the presence of functional groups. Indeed, distributors of cosmetics
ingredients already offer several chitosan derivatives, such as carboxymethyl chitosan,
hydroxyethyl chitosan and chitosan lactate.
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