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Abstract 

The global cosmetic industry is experiencing a pivotal shift toward natural hair care as consumers move 

away from synthetic products. This review examines herbal shampoos, focusing on their phytochemical 

composition, formulation techniques, and standardized evaluation. Unlike conventional shampoos that 

use Sodium Lauryl Sulfate (SLS) and parabens which are often linked to scalp irritation and 

environmental toxicity herbal alternatives utilize plant extracts like Sapindus mukorossi (Reetha) and 

Acacia concinna (Shikakai). These botanical sources provide natural saponins for gentle cleansing while 

maintaining the scalp’s physiological pH (5.5 to 7.0). The study details the multi-functional benefits of 

herbal bioactives, including their antioxidant and antimicrobial properties. It further outlines essential 

quality control parameters, such as viscosity, surface tension, and foam stability. While batch consistency 

and shelf-life remain challenges, advancements in nanotechnology offer improved delivery systems. 

Standardized herbal shampoos represent a safe, sustainable, and effective solution for modern hair care, 

provided rigorous quality-assurance protocols are maintained. 

 

Keywords: Herbal shampoo, natural surfactants, saponins, hair care standardization, scalp health 

 

1. Introduction 

1.1 Definition and Function of Shampoo 

Shampoo is a physicochemical preparation containing surfactants that cleanse the hair shaft 

and scalp by removing environmental grime, sebum, and epidermal debris [1]. Its primary 

action is to reduce surface tension between water and hydrophobic dirt, enabling impurities to 

be emulsified and rinsed away without depleting essential hair lipids [2]. While cleansing 

remains the main function, modern shampoos also provide conditioning, smoothing, and 

therapeutic scalp care [3]. An ideal shampoo balances effective cleaning with high standards of 

ocular and skin safety [4]. 

 

1.2 History and Evolution of Hair Cleansing 

The practice of hair cleansing has deep historical roots, evolving from the use of simple natural 

materials to complex chemical formulations [5]. Historically, the concept of "shampoo" 

originated in the Indian subcontinent, derived from the Hindi word champu, which involved 

head massage using herbal oils and plant extracts [6]. Ancient Ayurvedic texts document the 

extensive use of Sapindus mukorossi (Reetha) and Acacia concinna (Shikakai) as traditional 

cleansing agents due to their high natural saponin content [7]. Over the centuries, these crude 

botanical methods were gradually replaced by soap-based products in the 19th century and 

eventually by synthetic detergents in the 1930s, marking the beginning of the modern cosmetic 

era [8]. 

 

1.3 The Shift from Synthetic to Herbal 

Despite the commercial dominance of synthetic shampoos, there is a growing global concern 

regarding the long-term side effects of chemical surfactants [9]. Research has indicated that 

common synthetic detergents, such as Sodium Lauryl Sulfate (SLS) and Sodium Laureth 

Sulfate (SLES), are frequent causes of scalp irritation, erythema, and the denaturation of hair 

keratin proteins [10]. Furthermore, preservatives like parabens and conditioning agents like 

silicones have been scrutinized for their potential accumulation in aquatic ecosystems and 

suspected endocrine-disrupting properties [11]. This awareness has triggered a significant  
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paradigm shift in consumer behavior, driving the demand for 

"green cosmetics" that utilize biodegradable and non-toxic 

plant-based ingredients [12]. 

 

1.4 Objective of the Review 

In light of these safety concerns, there is an urgent need to 

scientifically validate traditional knowledge and integrate it 

into modern formulation science [13]. The primary objective of 

this review is to explore the potential of various botanical 

extracts as sustainable, safe, and effective alternatives to 

synthetic ingredients in hair care formulations [14]. This article 

will critically examine the phytochemical profiles of key 

herbs, their functional roles as natural surfactants, and the 

evaluation parameters required to ensure the quality and 

stability of herbal shampoos [15]. 

 

2. Anatomy and Physiology of Hair 

Understanding the structural biology of the hair unit is 

fundamental to formulating shampoos that cleanse without 

causing structural degradation [16]. The human hair shaft is a 

complex, integrated system of keratinized cells, distinct from  

the living follicle located within the dermis [17]. 

 

2.1 Hair Structure 

The hair fiber is morphologically composed of three 

concentric layers: the cuticle, the cortex, and the medulla [18]. 

 The Cuticle: The outermost layer consists of chemically 

resistant, scale-like cells that overlap like roof shingles to 

protect the inner structure from environmental damage 
[19]. This layer is hydrophobic and responsible for the 

hair's tactile properties, such as smoothness and shine, 

making it the primary target for the conditioning agents 

in herbal shampoos [20]. Damage to the cuticle by harsh 

synthetic surfactants can increase friction and lead to the 

"fly-away" phenomenon [21]. 

 The Cortex: Beneath the cuticle lies the cortex, which 

constitutes the bulk of the hair mass and is composed of 

elongated cortical cells packed with keratin filaments [22]. 

This layer provides the hair with its mechanical strength, 

elasticity, and texture, while also housing the melanin 

granules that determine hair color [23]. 

 The Medulla: The innermost core, known as the 

medulla, is a loosely packed region of cells which may be 

continuous, fragmented, or entirely absent in fine hair 

strands [24]. While its contribution to the mechanical 

strength of the fiber is negligible, it plays a role in the 

reflection of light and overall luster [25]. 

 

2.2 The Hair Growth Cycle 

Hair growth is not a continuous process but follows a 

rhythmic cycle consisting of three distinct phases: Anagen, 

Catagen, and Telogen [26]. 

 Anagen (Growth Phase): This is the active proliferation 

phase where the hair follicle regenerates and the hair 

shaft grows approximately 1 cm per month, lasting for a 

period of 2 to 6 years [27]. 

 Catagen (Transition Phase): Following the growth 

phase, the follicle undergoes a short involutionary 

transition lasting 1 to 2 weeks, during which the lower 

part of the follicle regresses and hair production ceases 
[28]. 

 Telogen (Resting Phase): The final phase is a dormant 

period lasting 3 to 4 months, where the old hair remains 

anchored until it is eventually shed and pushed out by a 

new anagen hair [29]. Herbal shampoos containing active 

ingredients like Phyllanthus emblica (Amla) are often 

formulated to prolong the anagen phase and minimize 

premature telogen shedding [30]. 

 

2.3 Scalp Health and pH Balance 

The scalp is anatomically unique compared to other skin areas 

due to its high density of sebaceous glands and hair follicles 
[31]. A critical parameter for maintaining scalp homeostasis is 

the "acid mantle" a thin film on the skin surface that acts as a 

barrier against pathogenic microorganisms [32]. The 

physiological pH of a healthy scalp ranges between and, a 

slightly acidic environment that supports beneficial resident 

flora while inhibiting the overgrowth of fungi like 

Malassezia, which is associated with dandruff [33]. Synthetic 

shampoos with a high pH (alkaline) can disrupt this acid 

mantle, causing cuticle swelling and scalp irritation [34]. 

Therefore, herbal shampoos are specifically formulated to be 

pH-balanced to preserve the integrity of the scalp barrier and 

prevent microbial dysbiosis [35]. 

 

3. Ideal Properties of Herbal Shampoo 

To be considered a successful cosmetic formulation, an herbal 

shampoo must meet specific performance standards that 

satisfy both dermatological safety and consumer expectations 
[4]. While the shift toward natural ingredients is driven by 

safety, the formulation must still provide a sensory experience 

comparable to synthetic alternatives [20]. 

 

3.1 Cleansing Efficiency 

The primary function of any shampoo is to effectively and 

completely remove dust, environmental pollutants, and 

excessive sebum from the hair and scalp [1]. Herbal shampoos 

achieve this through the action of natural surfactants, such as 

saponins, which emulsify greasy residues and allow them to 

be rinsed away with water [14]. An ideal formulation should 

demonstrate high detergency by cleaning the hair fiber 

without causing the over-stripping of essential structural 

lipids [36]. Scientific evaluation of cleansing power is often 

performed using the "India ink" dirt dispersion test or by 

measuring the removal of standardized synthetic sebum from 

hair swatches [34]. 

 

3.2 Aesthetic Appeal 

Consumer acceptance of a hair care product is heavily 

influenced by its organoleptic properties, specifically its 

foaming capacity and fragrance [37]. 

 Foaming (Lather): Although foam volume is not always 

directly proportional to cleansing power, a rich and stable 

lather is a psychological requirement for the user to 

perceive the product as effective [2]. Herbal shampoos 

utilize plant-based foam boosters, such as Sapindus 

mukorossi (Reetha), to produce a dense, luxurious lather 

that spreads easily across the scalp [38]. 

 Fragrance: The product should impart a pleasant and 

refreshing scent that persists after the hair has dried [39]. 

In herbal formulations, this is achieved by incorporating 

volatile essential oils like Lavender or Rosemary, which 

provide a natural aroma while avoiding the potential 

allergens found in synthetic perfumes [15]. 

 

3.3 Hair Management and Conditioning 

A high-quality herbal shampoo must leave the hair in a 

manageable condition, characterized by softness, luster, and a 

lack of tangles [13]. 
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 Softness and Luster: By utilizing mucilaginous plants 

like Hibiscus rosa-sinensis, the shampoo can smooth the 

hair cuticle, increasing light reflection and providing a 

natural shine [35]. 

 Low "Fly-Away" Effect: The formulation should act as 

a natural anti-static agent to prevent the hair strands from 

repelling each other, a phenomenon known as "fly-away" 
[40]. An ideal herbal shampoo ensures that hair is easy to 

comb, both in wet and dry states, by reducing the 

coefficient of friction between individual fibers [41]. 

 

3.4 Safety and Toxicological Profile 

The most significant advantage of an herbal shampoo is its 

high safety margin and non-toxic nature [42]. 

 Ocular and Cutaneous Safety: The preparation must be 

non-irritating to the eyes and skin, ensuring that 

accidental contact during washing does not cause 

erythema or inflammation [12]. 

 pH Stability: To maintain the scalp's microbial balance 

and prevent cuticle swelling, the shampoo should have a 

pH value compatible with the natural acid mantle of the 

skin [32]. 

 Non-Toxicity: Being free from harsh synthetic 

detergents like Sodium Lauryl Sulfate (SLS), herbal 

shampoos are considered safe for long-term use and are 

less likely to cause systemic toxicity or localized hair 

follicle damage [43]. Furthermore, the ingredients should 

be biodegradable and environmentally safe, aligning with 

the principles of green chemistry [44]. 

 

4. Key Herbal Ingredients and Their Roles 

The selection of botanical agents for herbal shampoos is 

based on their phytochemical profiles and their ability to 

address specific hair and scalp concerns [45]. Standard 

pharmaceutical research emphasizes that these ingredients 

must not only clean the hair but also maintain its structural 

integrity and physiological health [4]. 

 
Table 1: The following table summarizes the primary herbal constituents commonly utilized in standardized hair care formulations [44] 

 

Herbal Ingredient Botanical Name Active Constituents Functional Role in Shampoo 

Reetha Sapindus mukorossi Triterpenoid Saponins Primary natural surfactant and foaming agent [46] 

Shikakai Acacia concinna Saponins, Vitamins A, C, D Gentle cleanser and natural pH balancer [47] 

Amla Phyllanthus emblica Vitamin C, Gallic acid Antioxidant; stimulates hair follicle proliferation [48] 

Aloe Vera Aloe barbadensis Polysaccharides, Enzymes Scalp moisturizer and anti-inflammatory agent [49] 

Neem Azadirachta indica Azadirachtin, Nimbin Potent antimicrobial and anti-dandruff agent [50] 

Bhringraj Eclipta alba Wedelolactone, Alkaloids Promotes hair growth and prevents hair fall [51] 

Hibiscus Hibiscus rosa-sinensis Mucilage, Flavonoids Natural conditioner; improves hair manageability [52] 

 

Detailed Roles of Key Bioactives 

 Natural Surfactants (Reetha and Shikakai): The 

pericarps of Sapindus mukorossi contain high 

concentrations of triterpenoid saponins, which are 

amphiphilic molecules that effectively emulsify oil and 

dirt [53]. Acacia concinna provides a low-pH cleansing 

action that ensures the hair cuticle remains closed and 

smooth during the washing process [54]. 

 Growth Stimulants and Antioxidants (Amla and 

Bhringraj): Phyllanthus emblica is recognized for its 

high phenolic content, which neutralizes free radicals that 

contribute to follicle aging [55]. Eclipta alba, traditionally 

known as the "King of Hair," has been scientifically 

shown to prolong the anagen (growth) phase of the hair 

cycle by stimulating dermal papilla cells [56]. 

 Scalp Therapeutics (Neem and Aloe Vera): The 

limonoids in Azadirachta indica exhibit strong antifungal 

properties against Malassezia species, the primary cause 

of dandruff [57]. Aloe barbadensis provides acemannan 

and other polysaccharides that soothe the scalp and 

provide deep hydration to the hair shaft [58]. 

 Conditioning Agents (Hibiscus): The leaves and 

flowers of Hibiscus produce a rich mucilage consisting of 

complex carbohydrates and proteins that coat the hair 

fiber, reducing static and increasing luster [59]. These 

bioactive flavonoids also enhance blood circulation to the 

scalp, further supporting healthy hair development [60]. 

 

5. Formulation Components 

The formulation of an herbal shampoo requires the careful 

integration of various botanical constituents to ensure that the 

final product is stable, effective, and sensory-pleasing [4]. 

Unlike synthetic counterparts, these components must be 

compatible with one another to prevent phase separation 

while maintaining a natural profile [12]. 

 

5.1 Natural Surfactants 

Natural surfactants are the primary cleansing agents in herbal 

shampoos, utilized for their ability to significantly reduce the 

surface tension between the aqueous phase and oily debris [2]. 

Saponin-rich plants, such as Sapindus mukorossi and Acacia 

concinna, serve as the biological basis for these surfactants 

due to their amphiphilic molecular structure [66]. These 

molecules contain a hydrophilic "head" and a hydrophobic 

"tail," allowing them to encapsulate lipids into micelles that 

are easily rinsed away [61]. Standardized research confirms 

that these plant-based detergents provide effective foaming 

without causing the protein denaturation associated with 

synthetic sulfates [62]. 

 

5.2 Conditioning Agents 

To counteract potential dryness and improve the textural 

quality of the hair, conditioning agents are incorporated to 

lubricate the hair shaft [35]. Natural fixed oils, such as Coconut 

oil (Cocos nucifera) and Sweet almond oil (Prunus dulcis), 

provide essential fatty acids that penetrate the cuticle to 

restore the lipid barrier [20]. Additionally, hydrolyzed plant 

proteins derived from wheat or soy are used to fill structural 

gaps in the damaged hair cortex, thereby enhancing tensile 

strength and elasticity [63]. These agents help in neutralizing 

negative charges on the hair surface, which effectively 

reduces static and prevents tangling [64]. 

 

5.3 Thickeners and Viscosity Modifiers 

A shampoo must possess an optimal flow behavior-known as 

viscosity-to ensure it is easy to apply and does not run off the 

palm [34]. Herbal formulations utilize natural hydrocolloids 

and gums, such as Xanthan gum, Guar gum, or Pectin, to 

achieve the desired consistency [14]. These polysaccharides 

form a three-dimensional network in the aqueous solution, 
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which not only thickens the product but also helps to suspend 

insoluble herbal particles [65]. The concentration of these 

modifiers is critical, as excessive amounts can lead to poor 

pourability and a "sticky" residue on the hair [66]. 

 

5.4 Natural Preservatives 

Since herbal shampoos contain high water content and 

organic matter, they are highly susceptible to microbial 

contamination [13]. To maintain shelf-life without using 

parabens, natural antimicrobial agents such as Tea Tree oil 

(Melaleuca alternifolia), Neem oil, or Honey are employed 
[56]. These ingredients possess inherent antifungal and 

antibacterial properties that inhibit the growth of common 

pathogens like Staphylococcus aureus and Candida albicans 
[67]. Furthermore, certain essential oils act as "synergistic 

preservatives," enhancing the overall stability of the 

formulation against oxidative rancidity [15]. 

 

5.5 Fragrance and Color 

The organoleptic appeal of the shampoo is finalized by adding 

natural aromatics and pigments that enhance the user 

experience [44]. 

 Fragrance: Volatile essential oils, such as Lavender 

(Lavandula angustifolia) and Rosemary (Rosmarinus 

officinalis), are preferred for their refreshing scent and 

secondary therapeutic benefits to the scalp [68]. 

 Color: Aesthetic colorants are derived from plant-based 

dyes like Henna (Lawsonia inermis) or Beetroot extract, 

providing a visually appealing product without the risks 

associated with coal-tar dyes [69]. These natural additives 

ensure that the product remains free from synthetic 

allergens while maintaining a professional cosmetic 

appearance [70]. 

 

The scientific validation of an herbal shampoo is essential to 

ensure that the natural formulation meets the rigorous quality 

standards established for pharmaceutical and cosmetic 

products [71]. This section details the systematic evaluation 

parameters used to determine the efficacy, stability, and safety 

of botanical hair cleansers [4]. 

 

6. Evaluation and Quality Control Parameters 

6.1 Organoleptic Evaluation 

The initial assessment of a shampoo involves a sensory 

examination to ensure consumer acceptance and batch-to-

batch consistency [72]. The formulation is visually inspected 

for its color and clarity to detect any unwanted precipitation 

or turbidity [14]. The odor is evaluated to confirm that the 

natural essential oils have successfully masked the earthy 

scent of the herbal extracts [44]. Furthermore, the texture and 

"feel" of the product are assessed to ensure it meets the 

expected aesthetic profile of a premium cosmetic [73]. 

 

6.2 Physicochemical Tests 

Physicochemical analysis provides quantitative data on the 

chemical stability and physical behavior of the shampoo [34]. 

 pH Determination: The acidity or alkalinity of the 

product is measured using a digital pH meter at a $10\%$ 

dilution in distilled water [32]. Maintaining a pH range 

consistent with the scalp’s natural acid mantle (5.5 to 7.0) 

is critical to prevent hair cuticle swelling and skin 

irritation [35]. 

 Solid Content: This test determines the percentage of 

active ingredients remaining after a known weight of 

shampoo is evaporated in a hot air oven at 105°C [13]. A 

healthy range for solid content ensures that the product is 

concentrated enough to be effective without being 

difficult to wash away [74]. 

 Viscosity: The flow characteristics of the liquid are 

measured using a Brookfield or Ostwald viscometer at 

specific RPM settings [75]. This parameter is vital for 

ensuring the shampoo is easy to pour from the container 

and remains stable during storage [20]. 

 

6.3 Performance Tests 

Performance evaluation measures how well the shampoo 

functions under practical conditions [1]. 

 Foam Stability (Cylinder Shake Method): The foaming 

capacity is quantified by shaking a 1% shampoo solution 

in a graduated cylinder and measuring the initial foam 

height and its persistence over five minutes [2]. An ideal 

herbal shampoo should produce a dense, stable foam that 

does not collapse rapidly [12]. 

 Dirt Dispersion Test: This involves adding two drops of 

shampoo to a large volume of water containing a drop of 

India ink to observe if the "dirt" is trapped in the foam or 

dispersed in the water [76]. High-quality formulations keep 

the dirt in the aqueous phase, preventing it from 

redepositing onto the hair fibers [77]. 

 Surface Tension: Using a stalagmometer, the reduction 

in surface tension of water by the shampoo is calculated 
[78]. A lower surface tension indicates superior cleansing 

power as it allows the liquid to wet the hair and scalp 

more effectively [79]. 

 

6.4 Safety and Microbiological Tests 

The final stage of quality control focuses on ensuring the 

product does not cause harm to the user [80]. 

 Skin Irritation Test: The formulation is subjected to 

patch testing on human volunteers or animal models to 

monitor for signs of edema or erythema [81]. Because 

herbal ingredients can occasionally cause allergic 

reactions, this test is mandatory to confirm the "non-

irritant" claim [82]. 

 Microbial Load: Due to the presence of organic plant 

extracts, the shampoo is screened for the total viable 

count of bacteria and fungi [83]. The absence of pathogens 

like E. coli and Salmonella is verified to ensure the 

product remains safe throughout its intended shelf life 
[84]. 

 

7. Challenges and Future Perspectives 

While the demand for botanical hair care is increasing, several 

technical and commercial hurdles must be addressed to ensure 

the global competitiveness of herbal shampoos [85]. 

 

7.1 Stability and Shelf-life Issues 

One of the most significant challenges in herbal formulation 

is maintaining physical and microbial stability without the use 

of traditional synthetic preservatives like parabens [156]. 

Herbal extracts are highly susceptible to oxidation and 

degradation when exposed to light, temperature fluctuations, 

and moisture [15]. Furthermore, the high water content in 

liquid shampoos creates an environment conducive to the 

rapid growth of bacteria and fungi, requiring the identification 

of potent natural antimicrobial systems [86]. 
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7.2 Standardization and Consistency 

The chemical composition of plant-based ingredients can vary 

significantly based on geographic location, soil quality, 

harvesting season, and extraction techniques [4]. This inherent 

natural variation makes it difficult for manufacturers to ensure 

that every batch of shampoo contains the same concentration 

of active phytochemicals [13]. The lack of rigorous 

standardization protocols for raw botanical materials remains 

a primary barrier to achieving consistent therapeutic efficacy 
[87]. 

 

7.3 Consumer Expectations and Foaming 

Modern consumers often equate a high volume of foam with 

effective cleansing, a benchmark set by synthetic surfactants 

like SLS [2]. Achieving a similar "synthetic-like" dense and 

stable lather using only natural saponins is technically 

difficult and often requires higher concentrations of raw 

materials [44]. Formulators must balance the desire for 

luxurious foam with the need for a gentle, non-stripping 

cleansing action [12]. 

 

7.4 Advancements: Nanotechnology 

The future of herbal hair care lies in the integration of 

advanced delivery systems such as nanotechnology [88]. Nano-

emulsions and liposomal encapsulation are currently being 

explored to enhance the penetration of herbal actives into the 

hair cortex and scalp [89]. These technologies not only improve 

the bioavailability of hydrophobic plant extracts but also 

protect sensitive botanical compounds from premature 

degradation [90]. 

 

8. Conclusion 

The transition from synthetic to herbal shampoos represents a 

significant advancement in the quest for safer and more 

sustainable personal care products [20]. This review has 

demonstrated that botanical formulations, utilizing ingredients 

like Reetha, Shikakai, and Amla, can effectively cleanse and 

condition hair without the adverse effects associated with 

harsh chemical detergents [14]. Herbal shampoos offer a multi-

functional approach by maintaining the scalp’s natural pH and 

providing antioxidant protection to the hair follicle [35]. 

However, for these products to dominate the global market, 

there is a critical need for standardized extraction methods 

and more robust quality control frameworks [91]. Future 

research should focus on the synergistic effects of various 

plant extracts and the application of green nanotechnology to 

optimize performance [86]. Ultimately, the development of 

scientifically validated herbal shampoos offers a promising 

path toward combining traditional wisdom with modern 

dermatological science [1]. 
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