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Abstract— The growing demand for safer, eco-friendly, 

and biodegradable cosmetic products has driven 

significant interest in the development of hair styling gels 

formulated with natural polymers. This review examines 

the formulation strategies, functional properties, and 

performance characteristics of natural polymer–based 

hair gels, highlighting their potential as sustainable 

alternatives to conventional synthetic ingredients. 

Natural polymers such as aloe vera mucilage, flaxseed 

gum, xanthan gum, guar gum, pectin, and chitosan are 

explored for their rheological behavior, film-forming 

ability, viscosity-modifying properties, and compatibility 

with other formulation components. The review 

discusses the extraction and processing methods of these 

biopolymers, emphasizing how differences in molecular 

structure and charge influence gel stability, texture, and 

hold strength. Key formulation considerations including 

optimal polymer concentration, pH adjustment, 

humectant selection, and preservation strategies are 

addressed to support the development of effective and 

consumer-acceptable products. Furthermore, the article 

evaluates sensory attributes, washability, and long-term 

stability in comparison to synthetic counterparts such as 

carbomers and PVP. Safety, biodegradability, and 

regulatory perspectives associated with natural 

ingredients are also highlighted. Overall, natural 

polymers demonstrate promising potential for creating 

high-performance hair styling gels aligned with clean-

beauty and green-cosmetic trends. Continued research 

into polymer modification and synergistic blends is 

expected to further enhance their functional 

performance and commercial viability.  

 

Index Terms— Natural Polymers, Hair Styling Gel, 

Biopolymers, Rheology, Formulation Development, Aloe 

Vera, Flaxseed Gel, Xanthan Gum, Green Cosmetics, 

Sustainable Formulations. 

 

I. INTRODUCTION 

 

The cosmetic industry has witnessed a significant 

transformation in recent years, driven by the rising 

consumer demand for safe, sustainable, and 

environmentally friendly personal care products. 

Conventional hair styling gels have traditionally relied 

on synthetic polymers such as polyvinylpyrrolidone 

(PVP), carbomers, and acrylates to provide desirable 

properties like hold, viscosity, and film formation. 

Although effective, these synthetic ingredients are 

associated with concerns including scalp irritation, 

poor biodegradability, and potential long-term 

environmental accumulation. As awareness of these 

issues grows, consumers increasingly seek 

formulations derived from natural, biodegradable, and 

plant-based raw materials, pushing the cosmetic 

formulation sector toward greener innovations. 

Against this backdrop, natural polymers have emerged 

as promising alternatives due to their inherent 

biocompatibility, biodegradability, and functional 

versatility. Polymers such as aloe vera mucilage, 

flaxseed polysaccharides, xanthan gum, guar gum, 

pectin, and chitosan are known to exhibit excellent 

hydration, texture-enhancing, and film-forming 

properties suitable for hair styling applications. 

Furthermore, these biopolymers align with global 

trends favoring clean beauty, minimalist formulations, 

and plant-derived functional ingredients. 

The shift toward natural polymers is also supported by 

advancements in green extraction technologies and 

improvements in the standardization of natural 

materials, which enhance consistency and stability in 

cosmetic products. As academic and industrial 

research expands, natural polymer–based gels are 

increasingly recognized not only for their 

sustainability but also for their capacity to deliver 

competitive styling performance. This review aims to 

explore the formulation principles, material 

characteristics, and functional evaluation of hair 

styling gels produced using natural polymers, 

demonstrating their potential to replace or 

complement traditional synthetic systems. 
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Natural polymers used in cosmetic formulations are 

derived from diverse botanical, marine, and microbial 

sources, each possessing unique physicochemical 

characteristics that influence gel performance. Plant-

derived polymers such as mucilage, gums, pectins, and 

seed polysaccharides are obtained from materials like 

aloe vera leaves, flaxseed, fenugreek seeds, guar 

beans, and various fruit peels. Their extraction 

typically involves processes such as aqueous soaking, 

thermal extraction, filtration, precipitation, and drying, 

followed by milling or homogenization to obtain 

usable polymer fractions. The complexity of these 

processes creates variability in yield, purity, and 

functional properties, making standardization a critical 

priority in cosmetic formulation. 

Marine-derived polymers, such as alginate, agar, and 

carrageenan, obtained from brown and red algae, offer 

excellent gel-forming ability and are valued for their 

water-binding capacity and natural viscoelasticity. 

These materials undergo alkaline treatment, washing, 

and gel extraction steps before conversion into 

finished powder or granule forms. Microbial 

biopolymers like xanthan gum, produced through the 

fermentation of Xanthomonas campestris, provide 

exceptional rheological stability, illustrating how 

biotechnology contributes to the availability of 

reliable natural thickeners. 

Properties and Functional Advantages of Natural 

Polymers in Hair Gel Formulations 

Natural polymers offer unique physicochemical 

properties that make them suitable substitutes for 

synthetic agents in hair styling gels. Their 

hydrophilicity, molecular flexibility, and ability to 

form stable three-dimensional networks contribute to 

desirable gel characteristics, such as smooth texture, 

tunable viscosity, and uniform application. For 

instance, xanthan gum exhibits exceptional 

rheological behavior, providing high viscosity at low 

concentrations and maintaining stability across a 

broad range of pH and temperature conditions. 

Similarly, flaxseed polysaccharides yield gels with a 

naturally slippery, non-sticky, and moisturizing 

profile, enhancing spreadability and hair 

manageability.  

One of the key advantages of natural polymers is their 

capacity to form breathable films on hair fibers. Unlike 

synthetic polymers that may create stiff or occlusive 

layers, natural polymers often produce flexible, 

lightweight, and non-irritating films that support both 

hold and hair health. Polymers such as chitosan, with 

its inherent cationic nature, can interact with the 

negatively charged hair surface, promoting 

conditioning, anti-static properties, and improved 

adhesion. Additionally, many natural polymers 

possess intrinsic bioactive components, such as 

antioxidants, vitamins, and humectants, which 

contribute to hair nourishment and scalp comfort. 

Another crucial benefit is their biodegradability, 

making them environmentally advantageous. When 

incorporated into cosmetic formulations, these 

materials align with global sustainability goals and 

support circular economy practices. Their renewable 

origins reduce dependence on petrochemical-derived 

polymers, leading to a lower ecological footprint. 

Furthermore, advancements in polymer modification, 

such as crosslinking or blending with complementary 

natural materials, have improved their mechanical 

strength, washability, and long-term stability. These 

characteristics underscore the potential of natural 

polymers to deliver high-performance, eco-conscious 

hair styling products. 

Current Challenges, Research Trends, and Future 

Prospects 

Although natural polymers show great promise, their 

application in hair styling gels presents specific 

formulation challenges. Variability in molecular 

weight, purity, and composition due to differences in 

plant sources, harvesting conditions, and extraction 

methods can affect consistency, viscosity, and overall 

product performance. Ensuring batch-to-batch 

uniformity remains one of the major hurdles in the 

commercial development of natural polymer–based 

gels. Their tendency toward microbial contamination 

necessitates effective but gentle preservation strategies 

that do not compromise the natural positioning of the 

product. Additionally, some natural polymers may 

exhibit limited water resistance, reduced humidity 

tolerance, or weaker hold strength compared to 

synthetic alternatives. To overcome these limitations, 

ongoing research focuses on polymer blending, 

chemical modification, and crosslinking techniques 

that enhance functional properties while retaining 

safety and biodegradability. For example, combining 

xanthan gum with guar gum or integrating chitosan 

with pectin can produce synergistic effects, improving 

gel clarity, elasticity, and adhesion. Moreover, the 

adoption of green extraction and nanoencapsulation 

technologies is helping to improve purity, stability, 
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and performance consistency. The future of natural 

polymer–based hair styling gels lies in the 

development of multi-functional formulations that 

provide not only styling benefits but also hair 

strengthening, moisturization, and protection from 

environmental stressors. As consumer interest in 

clean-label cosmetics continues to grow, natural 

polymers are expected to play a central role in next-

generation hair care innovations. Increased 

collaboration between cosmetic scientists, material 

engineers, and botanical researchers will further 

accelerate the advancement and commercialization of 

high-performance, sustainable hair styling gels. 

The increasing preference for sustainable, clean-label, 

and plant-based cosmetic products has elevated the 

importance of natural polymer–based hair styling gels 

in global markets. Consumers today are more aware of 

ingredient safety, environmental impact, and long-

term health effects, prompting a shift away from 

petrochemical-derived polymers. Natural polymers 

appeal to consumers due to their biodegradability, low 

toxicity, and perception of being gentler on hair and 

scalp. This aligns with broader trends such as organic 

beauty, vegan formulations, and minimalist skincare, 

which have reshaped cosmetic product development 

worldwide. From a commercial perspective, the 

market for natural and organic hair care is expanding 

rapidly, driven by both consumer expectations and 

industry commitments to sustainability goals. 

Manufacturers are responding by reformulating 

existing products and innovating new gel systems that 

emphasize transparency and eco-conscious sourcing. 

Natural polymers also provide opportunities for 

product differentiation, enabling companies to market 

benefits such as nutrient-rich, botanical-infused, and 

non-toxic hair styling solutions. 

Regulatory frameworks further support the transition 

toward natural ingredients. Many synthetic polymers 

face scrutiny under guidelines related to microplastic 

pollution, environmental persistence, and 

allergenicity. In contrast, natural polymers generally 

comply more easily with regulations issued by 

organizations such as COSMOS, ECOCERT, and the 

European Chemicals Agency (ECHA). However, 

manufacturers must still ensure proper preservation, 

microbial safety, and label accuracy, as natural 

ingredients are prone to variability. Continued 

investment in quality control, standardization, and 

sustainable sourcing is essential to meet regulatory 

expectations and consumer trust. 

 

II. LITERATURE REVIEW AND DATA 

COLLECTION 

 

1. Hair Styling Gel Formulation 

Hair styling gels are semisolid cosmetic formulations 

designed to provide hold, manageability, and aesthetic 

appeal to hair. Traditionally, synthetic polymers such 

as carbomers, PVP (polyvinylpyrrolidone), and PVA 

(polyvinyl alcohol) have been widely used due to their 

strong film-forming and rheological properties. 

However, increasing consumer demand for 

biodegradable, biocompatible, and naturally derived 

ingredients has shifted research focus toward natural 

polymers as primary gel-forming agents. Natural 

polymers offer advantages such as lower toxicity, eco-

friendliness, and multifunctional bioactivities while 

aligning with “green cosmetic” trends. Aloe vera 

mucilage, tamarind seed polysaccharide, fenugreek 

mucilage, guar gum, and gum arabic have been 

frequently explored for gel systems due to their high 

viscosity, water-binding ability, and mildness to skin. 

Studies report that aloe mucilage enhances the 

lubricity and spreadability of gels and provides 

conditioning effects due to its polysaccharides and 

phytochemicals. Tamarind and fenugreek mucilage 

exhibit strong hydration and thickening properties, 

making them suitable natural alternatives for gel 

systems. 

 

2. Comparative Studies with Synthetic Polymers 

In this controlled human study, several comparative 

formulations between natural and synthetic polymer-

based gels reveal the following: 

• Natural polymers provide adequate hold, but 

typically less stiffness than synthetic PVP/PVA 

gels. 

• Natural gel systems are more biodegradable and 

scalp-friendly, reducing irritation potential. 

• Synthetic gels generally exhibit longer-term 

stability and clear transparency, but may cause 

flaking, dryness, or buildup. 

• Blending natural polymers with small amounts of 

synthetic polymers or other gums results in 

optimized performance, bridging the gap between 
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natural functionality and commercial 

expectations. 

 

3. Trends Toward Green and Clean-Label Cosmetic 

Formulations 

This review article examines recent contemporary 

cosmetic research and emphasizes sustainability, 

promoting the use of renewable and biodegradable 

materials. Natural polymers not only align with these 

trends but also meet rising consumer expectations for 

"free-from" formulations (free from synthetic 

polymers, parabens, alcohols, etc.). 

Recent publications highlight: 

• Advancement in extraction and purification 

technologies for plant mucilages. 

• Standardization efforts to improve reproducibility 

of natural polymer properties. 

• Exploration of bio-based crosslinking agents to 

improve film integrity and gel strength. 

 

III. METHODOLOGY / MATERIALS AND 

METHODS 

 

Material 

A. Natural Polymers (Gelling Agents): 

Natural polymers serve as primary structuring agents 

responsible for viscosity, film formation, and gel 

stability. Commonly used natural polymers include: 

• Aloe vera mucilage – provides hydration, smooth 

texture, and mild hold. 

• Flaxseed polysaccharide extract – offers natural 

slip, shine, and medium styling strength. 

• Xanthan gum – imparts high viscosity, shear-

thinning behavior, and excellent stability. 

• Guar gum – increases thickness and provides 

conditioning benefits. 

• Pectin – forms soft gels with flexibility and good 

spreadability. 

• Chitosan – enhances adhesion, conditioning, and 

humidity resistance due to its cationic nature. 

 

B. Secondary Functional Ingredients: 

To optimize gel performance, the following additives 

are commonly incorporated: 

• Humectants (e.g., glycerin, propylene glycol) for 

moisture retention. 

• Preservatives (e.g., potassium sorbate, 

phenoxyethanol) to prevent microbial growth. 

• Neutralizers (e.g., sodium hydroxide, 

triethanolamine) to adjust pH. 

• Essential oils or natural fragrances for sensory 

enhancement. 

• Natural antioxidants (e.g., vitamin E) to prevent 

degradation. 

• Distilled or deionized water as the primary 

solvent. 
 

Additive Purpose Example 

Humectants Moisture retention, smooth texture Glycerin, Propylene glycol 

Preservatives Prevent microbial growth Potassium sorbate, Phenoxyethanol 

pH Adjusters Maintain scalp-friendly pH Triethanolamine, Sodium hydroxide 

Antioxidants Prevent polymer degradation Vitamin E, Plant polyphenols 

Fragrances/Oils Improve sensory appeal Essential oils, natural fragrances 

Table 1: Functional Additives in Natural Polymer Hair Gels 

 

C. Equipment Required for the Formulation Process: 

Laboratory Apparatus 

• Beakers (100–1000 mL) for mixing and heating. 

• Glass stirring rods for manual agitation. 

• Mechanical stirrer or magnetic stirrer for uniform 

mixing. 

• Hot plate for controlled heating during 

extraction.Measuring cylinders and 

micropipettes for accurate volume 

measurements. 

• Weighing balance (analytical) to ensure precise 

ingredient quantification. 

Processing and Quality Evaluation Equipment 

• pH meter for monitoring acidity/alkalinity. 

• Viscometer (Brookfield or rotational) for 

rheological analysis. 

• Water bath for controlled temperature extraction. 

• Filtration setup (muslin cloth, filter paper) for 

polymer purification. 

• Storage containers (air-tight jars) for stability 

studies. 
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Formulation Methodology 

A. Extraction of Natural Polymers 

Depending on the polymer source, extraction 

generally involves the following steps: 

• Raw material preparation – cleaning and washing 

plant seeds, leaves, or peels. 

• Hydration/soaking – the material is soaked in 

water (1–2 hours) to soften and swell the 

polysaccharides. 

• Thermal extraction – heating the mixture at 60–

80°C to promote polymer release. 

• Filtration – separating liquid extract using muslin 

cloth or fine filters. 

• Concentration (if needed) – reducing the volume 

using gentle heating to increase polymer 

strength. 

• Drying (optional) – converting extract into 

powder for standardized use. 

 

B. Preparation of the Gel Base 

• Heating distilled water to 40–50°C. 

• Slowly sprinkling the natural pColymer (e.g., 

xanthan gum, guar gum) into water to avoid 

clumping. 

• Stirring continuously using a mechanical stirrer 

until fully hydrated. 

• Adjusting the hydration time depending on 

polymer type (10–30 minutes for most gums). 

• Incorporation of Functional Ingredients 

• Adding humectants (e.g., glycerin) to enhance 

smoothness and moisture retention. 

• Incorporating conditioning agents or botanical 

extracts for additional benefits. 

• Mixing preservatives to ensure product safety 

and shelf stability. 

• pH Adjustment and Optimization 

• Natural polymer gels generally require pH 5.0–

7.0 for scalp compatibility. 

• pH is adjusted using diluted TEA or NaOH 

solution. 

• pH stability is essential to maintain viscosity and 

polymer integrity. 
 

C. Final Homogenization and Storage 

• Homogenizing the gel using high-speed mixing 

to ensure uniform texture. 

• Cooling the formulation to room temperature 

before packaging. 

• Transferring into airtight containers to protect the 

gel from contamination. 

• Labeling and storing under controlled conditions 

for further evaluation. 

• Fragrance or essential oils in controlled amounts 

to avoid irritation. 

 
Fig. 1: Methodology of Hair Gel Formulation 
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Evaluation Parameters for Natural Polymer Hair Gels 

C. Physical and Organoleptic Assessment 

• Appearance (clarity, color, homogeneity) 

• Odor and overall sensory acceptance 

• Spreadability and texture 

B. Rheological and Performance Tests 

• Viscosity measurement using viscometer 

• Spreadability test to evaluate application ease 

• Film-forming ability on hair tresses 

• Curl retention and hold strength under controlled 

humidity 

C. Stability Studies 

• pH stability over time 

• Temperature cycling tests (4°C, 25°C, 40°C) 

• Microbial stability using standard plate count 

methods 

 

 

Polymer Source Functional Properties 

Aloe vera mucilage Aloe vera leaves Hydration, film-forming, smooth texture 

Flaxseed polysaccharide Flaxseed seeds Viscosity, slip, conditioning 

Xanthan gum Microbial (Xanthomonas) High viscosity, shear-thinning, stable 

Guar gum Guar beans Thickening, conditioning, moisture retention 

Pectin Fruit peels Soft gel formation, water retention 

Chitosan Chitin (crustaceans) Cationic, adhesion, anti-static 

Table 2: Common Natural Polymers Used in Hair Styling Gels 

 

IV. DISCUSSION 

 

Studies consistently show that natural polymer gels 

possess clear to slightly opalescent appearance with 

smooth, non-sticky texture. Aloe vera–based gels are 

reported to be highly moisturizing, while flaxseed-

based gels provide a slippery, spreadable consistency. 

Xanthan and guar gum formulations exhibit shear-

thinning behavior, which allows easy application 

without dripping. The addition of humectants like 

glycerin further enhances spreadability and sensory 

acceptance, critical for consumer satisfaction. Natural 

polymer gels generally exhibit non-Newtonian, 

pseudoplastic flow, meaning viscosity decreases under 

shear (e.g., during application) but recovers at rest, 

contributing to long-lasting hold. Xanthan gum offers 

the highest viscosity and stability over a wide pH and 

temperature range, whereas flaxseed and aloe vera 

gels show moderate viscosity but provide superior 

flexibility and shine. Blending multiple polymers 

(e.g., xanthan + guar) produces synergistic viscosity 

and hold, balancing stiffness and softness, which is 

essential for a commercially viable gel. 

Natural polymers form thin, flexible films over hair 

strands. Cationic polymers like chitosan interact 

electrostatically with negatively charged hair, 

providing anti-static, conditioning, and humidity-

resistant properties. Plant polysaccharides like pectin 

and aloe mucilage produce breathable films that 

enhance hair manageability and shine without causing 

stiffness. Studies indicate that polymer concentration 

and blend ratios directly influence hold strength, 

washability, and curl retention. Natural polymer gels 

generally demonstrate good short-term stability at 

room temperature, but may be prone to microbial 

contamination and viscosity reduction over prolonged 

storage. Incorporation of natural preservatives, pH 

optimization, and proper packaging ensures extended 

shelf-life. Thermal stability varies: xanthan and guar 

gum gels withstand 40–45°C, while flaxseed and aloe-

based gels may degrade faster, requiring refrigeration 

or stabilizers. 

 

Comparative Analysis with Synthetic Gels 

• Hold Strength: Synthetic polymers (PVP, 

carbomer) offer superior stiffness, whereas 

natural polymers provide moderate hold with 

better flexibility. 

• Safety: Natural gels exhibit lower irritation 

potential and are biodegradable. 

• Consumer Acceptance: Plant-based formulations 

are preferred due to clean-label and eco-friendly 

perception. 

• Optimization Strategies: Polymer blends, 

crosslinking, or combination with bioactive 

additives improve hold and performance while 

maintaining natural appeal. 

• Polymer modification (crosslinking, 

nanoencapsulation) to enhance hold and 

humidity resistance. 
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• Synergistic blends of multiple biopolymers for 

balanced viscosity, film-forming, and 

conditioning properties. 

• Exploration of underutilized botanical sources 

(fenugreek, okra, tamarind) to expand functional 

diversity. 

• Development of multi-functional gels 

incorporating UV protection, antioxidants, and 

hair-strengthening agents. 

 

V. CONCLUSION 

 

The growing demand for eco-friendly, safe, and 

sustainable cosmetic products has intensified research 

on the formulation of hair styling gels using natural 

polymers. Natural polymers such as aloe vera 

mucilage, flaxseed polysaccharides, xanthan gum, 

guar gum, pectin, and chitosan provide unique 

advantages, including hydration, conditioning, film 

formation, and biodegradability, while minimizing the 

adverse effects often associated with synthetic 

polymers. The physicochemical properties of these 

polymers—such as viscosity, shear-thinning behavior, 

film flexibility, and cationic interactions—directly 

influence the styling performance, spreadability, and 

hair adherence, making them suitable alternatives for 

hair gel formulations. 

Extraction and formulation techniques play a critical 

role in polymer quality, stability, and functionality. 

Advances in green extraction methods, polymer 

blending, and incorporation of functional additives 

(humectants, preservatives, essential oils) allow for 

enhanced rheological and cosmetic performance. 

Natural polymer gels exhibit moderate hold, superior 

flexibility, and sensory appeal, while offering benefits 

like anti-frizz, moisture retention, and reduced scalp 

irritation. Although synthetic polymers still provide 

stronger hold, strategic polymer combinations and 

process optimization can bridge this gap, producing 

gels with desirable styling properties while 

maintaining a natural, consumer-friendly profile. 

Overall, natural polymer-based hair gels represent a 

promising approach in the cosmetic industry, aligning 

with consumer demand for clean-label, sustainable, 

and multifunctional hair care products. Future research 

should focus on polymer modification, novel plant 

sources, synergistic blends, and incorporation of 

bioactive agents to further improve gel performance, 

stability, and added hair benefits. Such efforts will 

contribute to the development of innovative, safe, and 

environmentally responsible hair styling solutions that 

combine functionality with natural appeal. 
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