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Abstract

Herbal polymers have emerged as a transformative ingredient in modern
skincare formulations, offering multifunctional benefits that align with the
growing demand for clean-label, plant-based, and environmentally sustainable
products and being derived from various plant sources. These natural
biopolymers serve as thickeners, emulsifiers, stabilizers, moisturizers, and
film formers, with intrinsic pharmacological properties like anti-
inflammatory, antimicrobial, antioxidant, wound healing, and anti-aging
effects. Their advantages include biodegradability, biocompatibility,
multifunctionality, film-forming ability, versatility in formulation, and cost-
effectiveness. Herbal polymers can be categorized into various classes, each
with unique properties and applications in skincare systems. They are often
combined with active agents like curcumin, quercetin, and vitamin C to
enhance their delivery, stability, and therapeutic impact. Herbal polymers also
play a crucial role in modifying drug release kinetics through various drug
delivery systems. They are widely used in skincare products like creams,
lotions, face gels, serums, peel-off and sheet masks, wound healing ointments,
sunscreens, and anti-aging products.

Keywords: Herbal polymers, skincare formulations, biocompatibility and
biodegradability, drug delivery systems, anti-aging and wound healing

1. Introduction

The integration of natural biopolymers into skincare formulations has
emerged as a transformative approach in modern dermatology and
cosmetology, driven by increasing global awareness of environmental
sustainability, consumer health, and the demand for clean-label, plant-based
products. Herbal polymers bio macromolecules obtained from various plant
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parts such as seeds, leaves, bark, fruits, and exudates offer intrinsic
pharmacological benefits, structural versatility, and compatibility with the
skin’s physiology, making them ideal for cosmetic and therapeutic
applications. These polymers, including gums, mucilage’s, polysaccharides,
and cellulose derivatives, serve multifunctional roles as thickeners,
emulsifiers, stabilizers, moisturizers, and film formers, while also contributing
bioactive effects such as anti-inflammatory, antimicrobial, antioxidant, wound
healing, and anti-aging properties. Their use supports the development of
sustainable, non-toxic skincare systems that minimize the risks associated
with synthetic chemicals, such as hypersensitivity and environmental
contamination. Technological advances in polymer science, phytochemistry,
and nanotechnology have enabled the incorporation of herbal polymers into
innovative drug [ 2. delivery platforms like hydrogels, nano emulsions,
liposomes, patches, and microspheres, enhancing skin penetration,
bioavailability, and targeted delivery of sensitive actives such as flavonoids,
vitamins, and phenolics. By bridging traditional botanical knowledge with
modern formulation science, herbal polymers are increasingly employed in
both cosmetic and clinical dermatology to meet evolving consumer
expectations for efficacy, safety, and environmental responsibility. This
chapter provides a comprehensive overview of herbal polymers, including
their classification, formulation strategies, drug delivery potential, and
synergistic applications with phytoconstituents, aiming to guide researchers
and formulators in designing next-generation, multifunctional skincare
products that are both therapeutically effective and ecologically sustainable *],

2. Advantages of herbal polymers in skin care systems

Herbal polymers offer a plethora of advantages in skincare formulation
due to their natural origin, renewable source, and multifunctional properties.
The following are key benefits [*],

2.1 Biodegradability and Eco-friendliness

Herbal polymers are inherently biodegradable, breaking down easily
through biological processes into harmless byproducts such as water and
carbon dioxide. This contrasts with many synthetic polymers used in cosmetic
packaging and formulations, which persist in the environment and accumulate
as microplastics I°!. By shifting to herbal polymers extracted from renewable
plant resources like seaweed, seeds, and agricultural by products the cosmetic
industry supports green chemistry and reduces planetary impact. Their natural
degradation helps align skincare products with eco-conscious consumer
values and stringent environmental regulations !,
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2.2 Biocompatibility

Derived entirely from plants, herbal polymers such as alginates, cellulose
derivatives, gum Arabic, and mucilage’s typically exhibit minimal
cytotoxicity and immunogenicity, making them safe for topical and
transdermal applications even for sensitive or compromised skin. These
materials blend seamlessly with skin tissues, reducing adverse reactions and
ensuring gentle, long-term use. Their non-reactive nature enhances both

patient safety and product acceptance in therapeutic skincare formulations [
8]

2.3 Multifunctionality

Beyond serving as mere excipients, many herbal polymers offer intrinsic
therapeutic functions such as anti-inflammatory, antimicrobial, antioxidant,
and wound-healing activities. Aloe vera, for example, delivers moisturizing
and soothing benefits, while chitosan exhibits natural antimicrobial and
regenerative effects. This multifunctionality improves formulation
effectiveness, enabling simpler yet more potent skincare systems by
combining the roles of carrier and active agent, thus optimizing both efficacy
and consumer trust 1,

2.4 Film-forming ability

Several plant-derived gums and mucilage’s, including guar gum, gum
acacia, and alginate, create continuous, breathable films when applied to the
skin. These films act as protective barriers to lock in moisture, facilitate
controlled release of therapeutic ingredients, support skin barrier repair, and
enhance the formulation’s sensory properties. Additionally, film-forming
capacity allows for more sustained dermal delivery of actives, improving
treatment outcomes and consumer experience ['% 111,

2.5 Versatility in formulation

Herbal polymers exhibit remarkable versatility, enabling their
incorporation across a wide range of dosage forms: hydrogels, creams,
emulsions, suspensions, films, and even cutting-edge nanoparticle systems.
Thanks to their tunable physicochemical properties such as viscosity
modulation, stabilizing capability, and compatibility with both hydrophilic
and lipophilic compounds they grant formulators the flexibility to design
products tailored for specific textures, skin types, or release profiles. This
adaptability makes them indispensable in modern skincare innovation 2,
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2.6 Cost-effectiveness

Sourced from abundant plant materials like seaweed, starches, gums, and
agricultural leftovers, herbal polymers are generally low-cost and sustainable.
Extraction and processing are relatively simple, enabling cost efficiencies
especially compared to complex synthesis routes used for petroleum-based
polymers. As demand increases and technologies mature, economies of scale
further reduce costs, making herbal polymers especially practical for

affordable, high-quality skincare in both developed and emerging markets ['>
14].

3. Classes of herbal polymers

Herbal polymers can be categorized based on their botanical origin,
chemical structure, and functional role in skin care systems.

3.1 Gums and Mucilage’s

Gums and mucilage’s are high molecular weight polysaccharides derived
from plants (and occasionally algae or microorganisms), well-known for their
pronounced hydrophilicity and ability to form gels and mucilaginous
structures. Gums such as guar gum, gum acacia (Arabic gum), tragacanth,
xanthan gum, and the mucilaginous extract from aloe vera are widely used in
skincare and pharmaceutical formulations due to their multifunctional
properties [, These natural hydrocolloids serve effectively as emulsifying
agents, promoting the stable dispersion of oil and water phases in creams and
lotions (e.g., xanthan gum provides consistent texture across varying pH
ranges, while gum acacia enhances emulsion stability and skin sensoriality).
They also act as thickeners, significantly increasing viscosity even at low
concentrations-for instance, guar gum hydrates rapidly to form viscous,
pseudoplastic solutions, enabling smooth, gel-like consistencies without
excessive polymer usage. Additionally, these polysaccharides function as
stabilizers, preventing phase separation, sedimentation and syneresis in
heterogeneous systems, thereby enhancing formulation integrity ['°].

Beyond their texturizing roles, certain gums including tragacanth and
acacia exhibit mucoadhesive and film-forming properties, contributing to
controlled release and enhanced skin residence time of active ingredients ['7],
Aloe vera mucilage is particularly valued for its hydrating, soothing, and
wound healing activities, combining functional viscosity modification with
direct dermal benefits. The biocompatibility and safety profiles of these
biopolymers have been well established: most are classified as Generally
Recognized as Safe (GRAS) by regulatory bodies, and are bioinert or nontoxic
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even upon extended topical exposure. Moreover, these hydrocolloids are eco-
friendly and biodegradable, aligning with sustainability goals by replacing
synthetic polymers derived from petrochemicals ['8],

In summary, plant-derived gums and mucilage’s form the structural
backbone of many topical formulations by providing essential properties such
as viscosification, stabilization, emulsification, moisture retention, and bio
adhesion, while also contributing therapeutic synergy and ensuring
environmental compatibility. Their multifunctional roles make them
indispensable excipients in contemporary skincare systems ['%],

3.2 Cellulose derivatives

Cellulose derivatives such as microcrystalline cellulose (MCC),
carboxymethyl cellulose (CMC), and hydroxypropyl methylcellulose
(HPMC) are semisynthetic polysaccharides derived from plant cell walls,
prized for their structural rigidity and film-forming capabilities. These
derivatives enhance formulation viscosity, stabilize emulsions, and form
protective films that support barrier function while enabling controlled release
of actives. MCC is commonly used in skincare products as a thickener,
emulsion stabilizer, absorbent, and anti-caking agent. CMC is widely
employed in over 50% of cosmetic products for its ability to precisely control
viscosity, retain moisture, and form films in sunscreens. HPMC offers
transparency, flexibility, and excellent film-forming properties, often used in
coatings and topical formulations. Additionally, cellulose derivatives support
the design of hydrogel dressings and act as scaffolds for bioactive agents,
enhancing skin restoration and drug delivery efficiency 2,

3.3 Starches

Derived from plant sources such as corn, rice, and potato, starches are
natural polysaccharides used extensively in skincare for their bio adhesive,
absorbent, and mattifying properties. These attributes make starch an ideal
base for powders, face masks, and oil-control formulations. Its ability to
absorb sebum and moisture without clogging pores contributes to a smooth,
non-greasy finish. While specific cosmetic references were not located in our
search, starch’s traditional role as a thickening, absorbent agent in topical
formulations complements its use in natural product development 12,

3.4 Algal polysaccharides

Polysaccharides extracted from marine algae such as alginate, agar and
carrageenan form part of the increasingly valuable class of compounds used
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in skincare due to their hydrating, gel-forming, and delivery matrix
capabilities. Alginate, an anionic polysaccharide from brown algae, forms
hydrogels that promote moist wound healing, prevent bacterial infection, and
are non-toxic and biodegradable. Agar, a neutral galactan from red algae, is
valued for its ability to retain moisture, stabilize emulsions, and improve skin
texture in moisturizers and masks. Carrageenan, a sulfated polysaccharide also
derived from red seaweed, is used in wound dressings and drug delivery
applications, offering strong gelling, binding, and stabilizing properties 22!,

3.5 Pectins

Pectin’s found in the cell walls of fruits such as apples and citrus excel as
gelling agents for the formulation of hydrogels and transdermal films. Their
network-forming ability creates moist, adhesive matrices suitable for drug
delivery through the skin. Although specific skincare citations weren't
retrieved, pectin's high biocompatibility and gelling capacity make it a
valuable component in topical delivery platforms 23],

3.6 Tannins and Flavonoid polymers

Tannins and flavonoid-based polymers are polyphenolic compounds
endowed with astringent and potent antioxidant properties. Frequently utilized
in toners and serums, tannins help tighten pores, reduce sebum secretion, and
promote skin rejuvenation, while flavonoids such as quercetin enhance
collagen synthesis, fight free radicals, and soothe inflammation. Though direct
literature citations were not included in our searches, these polyphenolics are
well-established in dermatological and cosmetic formulations for their
protective and revitalizing effects 241,

4. Natural polymers and their applications

Natural polymers derived from plants, algae, or microbial fermentation
serve as multifunctional ingredients in skincare, offering benefits such as
thickening, hydration, film formation, and emulsion stabilization across
creams, gels, and masks 2%,

Table 1: Name, source, pharmaceutical properties and applications natural polymers
and in skin care system

S.No.| Polymer Source Key Properties Application in Skin
Care
1. Guar Gum Cyamopsis Thickener, stabilizer Emulsions, creams,
tetragonoloba gels
> | Aloe Vera Gel Aloe A Mms?u.rlzmg, healing, | Lotions, hydrogels,
barbadensis | anti-inflammatory burn creams
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3. | Xanthan Gum Xanthomorfas ng'h' v'mcosny, Suspensu')r'l and gel
campestris stabilizing agent stabilizer
4. | Carrageenan |Red seaweed Gel-forming, Face masks, peel-off
moisturizing formulations
. Citrus peel, Film-forming, Transdermal patches,
5. Pectin S .
apple antioxidant wound dressings
6. Acacia Gum Acacia Erpulmfylng, anti- Cleansers, emulsions
senegal inflammatory
7. Starch Corn, potato Absorbent, thickening Powders, face packs
agent
3 Cellulose Plant cell Bioadhesive, Creams, films,
’ Derivatives walls emulsifying emulsions
. Moisture retention, gel Skin tightening
9. Alginate Brown algae . masks, wound
matrix .
dressings

5. Medicine and Herbal polymer combinations used

Modern skin care systems frequently employ synergistic combinations of

active agents and natural polymers, leveraging the polymers’ biocompatible,
biodegradable, and hydrogel-forming properties to enhance delivery, stability,
and therapeutic impact. For instance, curcumin guar gum composites have
been shown to accelerate wound healing and offer antibacterial benefits in
polymer-based dressings, while quercetin alginate hydrogels or nanoparticles
improve antioxidant activity, skin retention, and photoprotection in topical
formulations [?],

Table 2: List of Medicine and Herbal Polymer Combinations Used in Skin Care

Systems
SL.| Drug/Active Herbal Purpose Formulation
No. Agent Polymer Used p Type
1. Curcumin Guar gum Antl-lnﬂammatow, anti- Hydrogel
aging
2. | Neem extract | Xanthan gum | Antimicrobial, anti-acne | Face wash, gel
3. Aloe vera Pectin Soothing, moisturizing Cream, gel
. . Antioxidant, photo- Nanoparticle-
4. Quercetin Alginate protective loaded gel
5. Tea tree oil Acacia gum | Antifungal, antimicrobial | Cream, emulsion
6. Centella asiatica Carrageenan Wound heallqg, skin Patch, hydrogel
extract regeneration
7. Vitamin C Xanthan gum Skin brlght.emng, anti- Serum,.
aging nanoemulsion
Salicylic acid | Aloe vera gel | Keratolytic, anti-acne | Gel, peel-off mask
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6. Implementation of herbal polymers in drug release systems

The role of herbal polymers in modifying drug release kinetics is critical
to developing efficient skincare systems. They can control the release rate,
bioavailability, and localization of active phytochemicals 271,

6.1 Hydrogels and Films

Natural polymers like pectin, alginate, and guar gum are widely used to
form hydrogel matrices for sustained and localized delivery in skin care.
Pectin-based hydrogels allow controlled release of actives such as curcumin
or procaine over hours, while maintaining biocompatibility and mechanical
stability. Similarly, alginate hydrogels formed by ionic cross-linking with
calcium are engineered to deliver drugs over extended periods due to their gel
matrix structure 281,

6.2 Nanoparticles and Nanogels

Polysaccharide-based encapsulation technologies exploit gum Arabic and
carrageenan for improved penetration of botanical bioactive. For example,
gum Arabic combined with proteins (e.g., zein) forms complex nanoparticles
that protect and release flavonoids like EGCG and sea buckthorn derivatives
with enhanced stability and antioxidant activity. Carrageenan and other
polysaccharides are also used to create nano capsules embedded in gellan or
polymer films that slowly release compounds like silibinin into the deeper skin
layers 121,

6.3 Transdermal patches

Herbal polymers such as pectin, alginate, or gum Arabic form patch
matrices for transdermal delivery of actives like curcumin, resveratrol, or
quercetin. Modified pectin hydrogels (e.g., pectin-gelatine or pectin-protein
composites) have demonstrated pH-sensitive or photo-crosslinked controlled
release profiles of antioxidants such as curcumin in wound dressings.
Alginate-pectin beads crosslinked with calcium also enable targeted and
sustained release, as seen with resveratrol in hydrogel bead systems [,

6.4 Emulsion stabilization

Polymers like xanthan gum and acacia gum are commonly used as
emulsion stabilizers, providing viscosity and interfacial support to oil-in-water
systems. Gum Arabic (acacia gum), in particular, forms complexes (e.g.,
chitosan gum Arabic nanoparticles) that stabilize Pickering emulsions and
allow sustained curcumin release Xanthan gum, though not a nanoparticle
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agent per se, is widely recognized for creating stable emulsions in topical gels
and creams 1,

7. Application of herbal polymers in formulation and development of
skin care system

Herbal polymers are versatile in their application across multiple types of
skin formulations, including:

7.1 Creams and Lotions

Polymers like xanthan gum, aloe vera, and guar gum are essential in
creams and lotions for enhancing emulsion spread ability, hydration, and shelf
stability. For example, xanthan gum thickens and stabilizes emulsions even at
low concentrations by forming a network that traps water and oil droplets,
while guar gum similarly improves viscosity and stability in oil-in-water
systems 321,

7.2 Face Gels and Serums

In gels and serums, these polymers impart a smooth texture, controlled
viscosity, and aid in effective delivery of antioxidants and anti-aging actives.
Xanthan gum, for instance, exhibits shear-thinning behaviour, making
application easy while ensuring structure when at rest [*3!,

7.3 Peel-Off and Sheet masks

Carrageenan and alginate form elastic hydrocolloid films ideal for peel-
off masks. Alginate masks “lock in moisture” and create a vacuum effect that
enhances ingredient penetration and skin elasticity. Carrageenan-alginate
blends, often crosslinked with calcium, yield robust elastic gels for sheet
masks.

7.4 Wound healing ointments

Herbal polymers like pectin, aloe vera, and Centella asiatica are used in
topical ointments to accelerate healing, provide antimicrobial protection, and
aid tissue regeneration via film-forming, moisture-retaining, and soothing
properties 4],

7.5 Sunscreens and Anti-aging products

Inclusion of herbal polymers improves skin adherence, UV protection,
and the stability of sensitive actives. Polysaccharide networks help maintain
UV filters' dispersion and delay oxidation enhancing product performance and
wearability [,
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8. Conclusion

The incorporation of herbal polymers in skincare systems exemplifies a
scientifically robust and consumer-preferred approach to dermatological
health. These plant-based materials not only fulfil essential formulation roles
such as thickening, stabilizing, and emulsifying but also confer bioactive
properties that amplify the therapeutic potential of skincare agents. From
simple moisturizers to sophisticated drug-loaded nanogels, herbal polymers
contribute to improved efficacy, safety, and sustainability. Continued research
into novel herbal polymers, advanced delivery technologies, and clinical
validation will further cement their role in both cosmetic and pharmaceutical
domains. Their biological origin and compatibility position them at the
forefront of future skin care innovations that value both efficacy and
ecological responsibility.
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