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ABSTRACT 

Scalp disorders and hair shaft degradation caused by environmental pollutants, microbial 

dysbiosis, oxidative stress, and harsh synthetic cleansing agents represent a major global 

dermatological and cosmetic challenge. Conventional shampoos rely heavily on anionic 

petrochemical surfactants such as sodium lauryl sulfate (SLS) and sodium laureth sulfate 

(SLES), alongside synthetic preservatives, silicones, and alkanolamides. While effective at 

rapid sebum emulsification, prolonged exposure to these synthetic excipients strips the 

protective 18-methyleicosanoic acid (18-MEA) lipid monolayer, alkalinizes the scalp acid 

mantle, denatures cuticular alpha-keratin, and triggers corneocyte inflammation, contact 

dermatitis, and ocular irritation. In recent years, polyherbal shampoos rooted in classical 

Indian Ayurvedic pharmacognosy (Keshya rasayanas) have attracted significant scientific 

interest as biocompatible, biodegradable, and multifunctional alternatives. Botanical 

surfactants rich in triterpenoid and steroidal saponins—principally derived from Sapindus 

mukorossi (Reetha) and Acacia concinna (Shikakai)—reduce interfacial tension and 

solubilize sebum via micellar encapsulation without disrupting cuticular integrity. 

Concurrently, polyphenolic, alkaloid, and mucilage-rich botanicals such as Phyllanthus 

emblica (Amla), Eclipta prostrata (Bhringraj), Azadirachta indica (Neem), Hibiscus rosa-

 

International Journal Advanced Research 

Publications 

 

www.ijarp.com     ISSN 2456-9992          Page: 01-19 

 

 

Research 

Article 

 Volume: 02 

Issue: 10 
 

Article Received: 20 September 2026, Article Revised: 10 October 2026, Published on: 30 October 2026 

*Corresponding Author: Prithviraj Sahebrao Ade  

Student, Department of Pharmacy, Genba Sopanrao Moze College of Pharmacy, Wagholi, Pune, Maharashtra, India. 

Doi: https://doi-doi.org/101555/ijarp.2703   

http://www.ijarp.com/
http://www.ijarp.com/
https://doi-doi.org/101555/ijarp.2703


 

                                                 International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                    

2 

 

sinensis (Japa), Lawsonia inermis (Madayanti), Trigonella foenum-graecum (Methika), 

Wrightia tinctoria (Indrayava), and Nardostachys jatamansi (Jatamansi) exert potent 

antioxidant, anti-Malassezia, 5-alpha-reductase inhibitory, and dermal papilla proliferative 

effects.  

 

KEYWORDS: Herbal Shampoo, Ayurvedic Botanicals, Sapindus mukorossi, Acacia 

concinna, Saponin Micellar Detergency. 

 

INTRODUCTION 

Hair cleansing and scalp hygiene constitute one of the largest segments of the global 

cosmeceutical and personal care industry, with shampoos serving as the primary 

pharmaceutical and cosmetic dosage form for managing both aesthetic hair quality and 

dermatological conditions of the scalp (1,2). Anatomically, the human scalp differs from 

glabrous skin through its high density of terminal pilosebaceous units (100,000–150,000 

follicles), rich neurovascular network, and elevated holocrine sebum secretion rate (1–2 

g/day), which collectively create a warm, dark, lipid-rich microenvironment highly 

susceptible to lipophilic microbial colonization and oxidative lipid peroxidation (3,4). A 

shampoo is pharmaceutically defined as a viscid aqueous, hydroalcoholic, or solid dispersion 

of amphiphilic surfactants engineered to remove accumulated sebum, desquamated stratum 

corneum corneocytes, eccrine sweat residues, environmental particulate matter, and residual 

hair-styling polymers from the hair shaft and perifollicular ostia without compromising the 

structural integrity of the hair fiber or the physiological homeostasis of the scalp epidermis 

(1,5). 

Historically, the commercialization of synthetic detergent-based shampoos in the mid-

twentieth century replaced traditional soap-based cleansers, which formed insoluble calcium 

and magnesium carboxylate curds in hard water (5). Contemporary synthetic shampoos 

predominantly utilize anionic alkyl sulfates and alkyl ether sulfates—most notably sodium 

lauryl sulfate (SLS) and sodium laureth sulfate (SLES)—at concentrations ranging from 10% 

to 15% w/w, supplemented with amphoteric foam boosters such as cocamidopropyl betaine 

(CAPB), nonionic alkanolamide viscosity builders (e.g., cocamide DEA/MEA), synthetic 

cationic conditioning polymers, polydimethylsiloxanes (dimethicone), parabens, and 

formaldehyde-releasing preservatives (2,5,6). Although these synthetic matrices produce 

rapid, voluminous flash foam and efficient lipid stripping, extensive dermatotoxicological 

and trichological investigations have highlighted their cumulative adverse effects (1,6). 

http://www.ijarp.com/
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Furthermore, ethoxylated surfactants such as SLES carry the risk of trace contamination with 

1,4-dioxane, a probable human carcinogen generated during ethylene oxide ethoxylation, 

while cocamidopropyl betaine and synthetic preservatives are increasingly implicated in 

allergic contact dermatitis, scalp pruritus, and disruption of the commensal scalp microbiome 

(2,6,7). 

 

1. Structural Biology of the Pilosebaceous Unit, Scalp Pathophysiology, and 

Physicochemical Principles of Detergency 

 

 

1.1 Ultrastructure and Surface Chemistry of the Hair Shaft 

The human hair shaft is a terminally differentiated, keratinized cylindrical filament composed 

of three concentric morphological zones: the outermost cuticle, the central cortex, and the 

innermost medulla (4). The cuticle consists of 6 to 10 overlapping layers of flattened, 

anucleate corneocytes (scales) oriented toward the distal tip, each measuring approximately 

0.3–0.5 µm in thickness (4,6). Each cuticular cell is subdivided into the A-layer (high cystine 

content, >30%), the exocuticle (~15% cystine), the endocuticle (low cystine, ~3%, 

hydrophilic and swellable), and the cell membrane complex (CMC), which acts as a 

continuous intercellular lipid-protein adhesive binding adjacent cuticular and cortical cells 

(4). Crucially, the outermost epicuticle is covered by a monomolecular layer of 18-

methyleicosanoic acid (18-MEA) covalently linked to underlying cysteine residues via 

http://www.ijarp.com/
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thioester bonds (4,6). This 18-MEA lipid envelope imparts natural hydrophobicity, low 

surface friction, and aesthetic gloss to virgin hair. 

1.2 Sebum Biochemistry and the Scalp Acid Mantle 

The scalp harbours roughly 100,000 to 150,000 terminal hair follicles associated with 

multilobular holocrine sebaceous glands that secrete 1–2 g of sebum daily onto the 

infundibular ostia and proximal hair shaft (3,14). Native human sebum is a complex 

hydrophobic lipid mixture comprising triglycerides and free fatty acids (57.5%), wax esters 

(26.0%), squalene (12.0%), and cholesterol/cholesterol esters (4.5%) (3,15). Concurrently, 

eccrine sweat glands secrete water, lactic acid, urea, pyrrolidone carboxylic acid (PCA), and 

electrolytes. The emulsification of sebum with eccrine secretions forms the hydrolipidic acid 

mantle of the scalp, maintaining a physiological pH between 4.5 and 5.5 (4,14). This mildly 

acidic milieu suppresses pathogenic bacterial proliferation, stabilizes epidermal lipid lamellae 

synthesis (ceramides via beta-glucocerebrosidase and acidic sphingomyelinase), and keeps 

the hair cuticle scales tightly appressed (4,14). 

1.3 Pathophysiology of Scalp Disorders and Surfactant-Induced Hair Damage 

Disruption of scalp homeostasis by aggressive synthetic surfactants, ultraviolet radiation, 

atmospheric particulate matter, or microbial dysbiosis initiates a cascade of structural and 

inflammatory pathologies (Table 1) (3,6,15,16). 

 

Table 1 Pathophysiological comparison of synthetic detergent-induced scalp and hair 

damage versus the therapeutic modulation achieved by Ayurvedic polyherbal 

shampoos. 

Pathophysiological 

/ Biophysical 

Parameter 

Synthetic Sulfate-

Based Shampoos  

Ayurvedic 

Polyherbal 

Shampoos  

Underlying Molecular 

& Biophysical 

Mechanism 

Ref. 

Cuticular 18-MEA 

Lipid Layer 

Progressive 

hydrolytic and 

surfactant-mediated 

stripping of 

covalently bound 

18-MEA 

Preservation of 18-

MEA monolayer; 

deposition of 

protective botanical 

mucilage film 

Nonionic/weakly acidic 

triterpenoid saponins 

exhibit low keratin-

binding affinity 

compared to strongly 

anionic -SO4- 

headgroups 

(4,6,10) 

Scalp Acid Mantle 

& Keratin Charge 

Often neutral to 

alkaline (pH 6.5–

8.0); increases net 

negative charge 

above pI (3.67), 

causing scale lifting 

Naturally acidic (pH 

4.5–5.6) due to 

organic acids 

(ascorbic, gallic, 

tartaric); maintains 

isoionic point (~5.6) 

Acidic vehicle 

protonates basic amino 

acid residues, 

minimizing electrostatic 

repulsion between 

cuticular scales 

(4,9,13,14) 
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1.4 Colloid and Interfacial Physics of Herbal Saponin Detergency 

 

 

When dissolved in an aqueous shampoo vehicle, saponin monomers adsorb at the air–water 

and oil–water interfaces, orienting their lipophilic triterpenoid/steroidal rings toward the 

hydrophobic sebum phase (or air) and extending their hydrated sugar chains into the bulk 

aqueous phase (17). The surface excess concentration (Γ) and interfacial adsorption of 

saponins are governed by the Gibbs Adsorption Isotherm: Γ = -(1 / RT) · (dγ / d ln C), where 

γ is the surface tension (mN/m), C is the bulk surfactant concentration, R is the universal gas 

constant, and T is the absolute temperature (17). As the bulk concentration exceeds the 

Critical Micelle Concentration (CMC)—which for Sapindus mukorossi saponins ranges 

between 0.015% and 0.045% w/v (nearly an order of magnitude lower than the ~0.23% w/v 

CMC of SLS)—saponin monomers spontaneously self-assemble into spherical, rod-like, or 

vesicular micelles characterized by a negative standard free energy of micellization (ΔG°mic 

= RT ln X_CMC) (10,17). 
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2. Pharmacognosy, Phytochemistry, and Molecular Mechanisms of Ayurvedic Hair-

Care Botanicals 

 

 

Table 2 Pharmacognostic profile, phytochemical markers, and cosmeceutical functions 

of primary cleansing saponin botanicals used in Indian herbal shampoos. 

Botanical 

Name, 

Family & 

Ayurvedic 

Name 

Plant Part Used & API 

Yield Standard 

Principal Phytochemical 

Markers  

Functional Role 

Shampoo 

Formulation 

Key Pharmacological  Ref. 

Sapindus 

mukorossi 

Gaertn.  

Arishtaka / 

Reetha 

Dried fruit pericarp 

(Total saponins: 10.1–11.5% 

w/w) 

Aglycone: Hederagenin 

(C30 oleanane) 

Glycosides: Sapindosides 

A–E, Mukorozisaponins E1, 

G, Y1, Y2; Mukuroziosides 

Ia–IIb 

Primary surfactant, 

foaming agent, 

wetting agent, and 

O/W sebum 

emulsifier 

Lowers γ_LV to ~33 

mN/m; inhibits 

Malassezia furfur 

(MIC 62.5 µg/mL); 

downregulates COX-2 

and 5-LOX in scalp 

keratinocytes 

(9,10,18) 

Acacia 

concinna 

(Willd.) 

DC.  

Saptala / 

Shikakai 

Dried pods and bark 

(Total saponins: 11.0–16.0% 

w/w) 

Aglycone: Acacic acid (C30 

oleanane) 

Glycosides: Kinmoonosides 

A–C, Acaciasides A & B; 

Tartaric, citric & ascorbic 

acids; Lupeol 

Mild co-surfactant, 

natural pH acidifier 

(pH 4.5–5.2), 

detangler, and 

cuticular conditioner 

Seals raised cuticular 

scales; reduces wet 

combing force; 

exhibits antifungal 

activity against 

Trichophyton and 

Malassezia spp. 

(7,9,19) 

Ziziphus 

jujuba Mill. 

/ Z. spina-

christi  

Badara / 

Ber / Sidr 

Dried leaves 

(Saponins: 3.5–6.0%; 

Mucilage: 8–12%) 

Aglycone: Jujubogenin 

(dammarane) 

Glycosides: Ziziphin, 

Jujubosides A & B, 

Christinin-A; 

Rhamnogalacturonan 

mucilage 

Foam stabilizer, 

natural viscosity 

modifier, and hair 

shaft film-former 

Retards plateau-border 

liquid drainage in foam 

lamellae; provides 

smooth sensory slip 

and antioxidant 

protection 

(1,13,20) 
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2.1 Sapindus mukorossi Gaertn. and Sapindus trifoliatus L. (Sapindaceae) — Reetha / 

Arishtaka 

The dried fruit pericarp of Sapindus mukorossi (predominantly North Indian and Himalayan 

distribution) and Sapindus trifoliatus / S. laurifolius (South and Western Indian distribution), 

known in Sanskrit as Arishtaka or Phenila ('foam-producing'), represents the cornerstone 

primary surfactant of Indian herbal shampoos (9,10,18). The pericarp contains 10.1% to 

11.5% w/w (and up to 28% in methanolic extracts) of triterpenoid saponins classified into 

three structural subclasses based on their aglycone skeleton: (i) Oleanane-type 

monodesmosidic and bisdesmosidic saponins (Sapindosides A–E and Mukorozisaponins E1, 

G, Y1, Y2), which possess hederagenin (3β,23-dihydroxyolean-12-en-28-oic acid) as the 

primary aglycone linked to L-arabinose, L-rhamnose, and D-xylose moieties; (ii) 

Dammarane-type tetracyclic triterpenoid saponins (Sapimukosides A–J); and (iii) 

Tirucallane-type triterpenoid saponins (Sapinmusaponins A–E) (18). Crucially, the pericarp 

also yields acyclic sesquiterpene oligoglycosides (Mukuroziosides Ia, Ib, IIa, IIb), which act 

as natural hydrotropes and co-surfactants that enhance the aqueous solubility and wetting 

kinetics of the hederagenin saponins (18). 

2.2 Acacia concinna (Willd.) DC. [syn. Senegalia rugata] (Fabaceae) — Shikakai / 

Saptala 

Known classically as Saptala or Shikakai ('fruit for the hair' in Tamil), the dried pods of the 

prickly climbing shrub Acacia concinna serve as the primary mild co-surfactant, detangler, 

and cuticular conditioner in traditional and commercial Indian shampoos (1,7,9). The pods 

and bark of A. concinna contain 11.0% to 16.0% w/w of acylated pentacyclic triterpenoid 

saponins built around the aglycone acacic acid (3β,16α,21β-trihydroxyolean-12-en-28-oic 

acid) (19). The major characterized bioactive macromolecular saponins include 

Kinmoonosides A, B, and C, and Acaciasides A and B, wherein the acacic acid sapogenin is 

esterified at C-21 with monoterpene carboxylic acids [specifically (2E,6S)-2,6-dimethyl-6-

hydroxyocta-2,7-dienoic acid] and glycosylated at C-3 and C-28 with oligosaccharide chains 

containing D-glucose, L-arabinose, L-rhamnose, and D-xylose (19).  

2.3 Ziziphus jujuba Mill. / Z. spina-christi (Rhamnaceae) and Albizia amara (Roxb.) 

Boivin (Fabaceae) — Ber & Arappu 

In regional Indian formulations (particularly South Indian Arappu and North/Western Indian 

Badara preparations), the pulverized leaves of Ziziphus jujuba (and Z. spina-christi) and 

Albizia amara are co-formulated with Sapindus and Acacia to stabilize foam elasticity and 

increase dispersion viscosity (1,13,20,21). Ziziphus leaves contain dammarane-type 
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saponins—notably Ziziphin, Jujubosides A and B, and Christinin-A (derived from the 

aglycone jujubogenin)—alongside high concentrations of mucilage polysaccharides 

(rhamnogalacturonans and arabinogalactans), rutin, and quercetin-3-O-robinobioside (13,20). 

Albizia amara leaves yield oleanane saponins (echinocystic acid and machaerinic acid 

glycosides) and macrocyclic spermine alkaloids (budmunchiamines A–C) (7,21). In a 

polyherbal shampoo system, the high-molecular-weight mucilage polysaccharides of 

Ziziphus and Albizia migrate to the plateau borders (lamellae) between saponin foam 

bubbles, increasing bulk liquid viscosity and retarding gravitational drainage of water from 

the foam film (13,17,21). 

2.4 Secondary Conditioning, Anti-Dandruff, and Follicular-Stimulating Indian 

Botanicals 

To transform a basic saponin cleanser into a therapeutic cosmeceutical shampoo, classical 

Ayurvedic formulations incorporate secondary botanicals that target dermal papilla 

mitogenesis, melanogenesis, cuticular conditioning, and microbial dysbiosis (Table 3) 

(7,8,11,12). 

 

Table 3 Secondary conditioning, anti-dandruff, and follicular-stimulating Indian 

botanicals, their standardization markers, and molecular mechanisms. 

Botanical 

Name, 

Family & 

Ayurvedic 

Name 

Part Used & 

Standardizati

on Marker 

Key Bioactive 

Phytoconstituents 

Molecular 

& Cellular 

Targets in 

Scalp/Follic

le 

Cosmeceuti

cal & 

Clinical 

Benefit in 

Shampoo 

Ref. 

Phyllanth

us emblica 

L.  

Amalaki / 

Amla 

Dried fruit 

pericarp 

(Gallic acid 

≥1.5% w/w; 

Ascorbic acid; 

Tannins 

≥25%) 

Emblicanin A & B, 

Punigluconin, 

Pedunculagin, Gallic 

acid, Ellagic acid, 

Corilagin, 

Chebulagic acid 

Inhibits 5α-

reductase 

type II; 

activates 

Nrf2/HO-1 

antioxidant 

axis; 

chelates pro-

oxidant 

Fe2+/Cu2+; 

stimulates 

DP 

proliferation 

Prevents 

squalene 

peroxidation 

and 

premature 

greying 

(canities); 

astringes 

cuticular 

scales to 

boost 

specular 

gloss 

(7,23,24

) 

Eclipta 

prostrata 

(L.) L. 

[syn. E. 

alba] 

Whole aerial 

plant 

(Wedelolacto

ne ≥0.5–1.2% 

w/w) 

Coumestans 

(Wedelolactone, 

Demethylwedelolact

one), 

Eclalbasaponins I–

Downregula

tes TGF-β1 

and DKK-1; 

upregulates 

Wnt/β-

Accelerates 

telogen-to-

anagen 

transition; 

increases 

(7,11,25

) 
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(Asterace

ae) 

Bhringraj 

/ 

Kesharaja 

VI, Luteolin, 

Apigenin, β-amyrin 

catenin, 

Shh, FGF-7, 

and VEGF 

in dermal 

papilla cells; 

activates 

follicular 

melanocytes 

hair follicle 

length and 

bulb 

diameter; 

restores 

melanin 

synthesis 

Azadirach

ta indica 

A. Juss. 

(Meliacea

e) 

Nimba / 

Neem 

Dried leaves 

& seed oil 

(Azadirachtin 

≥0.1%; 

Nimbidin 

≥1.0%) 

Limonoids/Triterpen

oids (Azadirachtin, 

Nimbin, Nimbidin, 

Salannin, Gedunin), 

Quercetin, 

Mahmoodin 

Disrupts 

Malassezia 

furfur cell 

membrane 

and inhibits 

extracellular 

fungal 

lipase; 

blocks NF-

κB p65 

nuclear 

translocatio

n and COX-

2 

Potent anti-

dandruff and 

antipruritic 

agent; 

resolves 

seborrheic 

dermatitis, 

scalp 

folliculitis, 

and 

pediculosis 

(15,26,2

7) 

Hibiscus 

rosa-

sinensis L. 

(Malvacea

e) 

Japa / 

Jaswand 

Flowers and 

leaves 

(Total 

anthocyanins 

≥0.8%; 

Mucilage 

≥12%) 

Cyanidin-3-

sophoroside, 

Cyanidin-3,5-

diglucoside, 

Quercetin-3-

diglucoside, L-

rhamnose/D-

galacturonic acid 

mucilage 

Upregulates 

VEGF and 

IGF-1 in 

perifollicula

r 

vasculature; 

acidic 

mucilage 

forms 

hydrated 

polyelectrol

yte film on 

keratin 

Natural 

cationic-

mimetic 

detangler; 

reduces wet 

combing 

force by 35–

45%; 

prevents 

trichoptilosis 

(split ends) 

(7,12,28

) 

 

2.5 Extraction Standardization, Green Extraction Technologies, and Phyto-Synergism 

The therapeutic and surface-active reproducibility of an herbal shampoo depends critically on 

extraction methodology (10,17). Traditional open-vessel boiling (Kwatha decoction at 100°C 

for 2–4 hours) causes hydrolytic cleavage of C-28 ester glycosidic linkages in bisdesmosidic 

saponins (Sapindosides and Acaciasides), converting them into less water-soluble 

monodesmosides and lowering foaming capacity, while thermally degrading heat-labile 

ascorbic acid and anthocyanins (17,18,23). Modern pharmaceutical manufacturing employs 

Ultrasound-Assisted Extraction (UAE, 20–40 kHz at 45°C using 50–70% v/v hydroethanolic 

menstruum) or Microwave-Assisted Extraction (MAE), which induce acoustic cavitation and 
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rapid intracellular pressure buildup to rupture lignified pericarp cell walls within 20–30 

minutes, increasing total saponin yield by 28–36% while preserving polyphenolic integrity 

(17,18). Furthermore, spray-drying of standardized hydroalcoholic extracts with 5% 

maltodextrin yields free-flowing, non-hygroscopic phyto-powders standardized by High-

Performance Thin-Layer Chromatography (HPTLC) or RP-HPLC against reference markers: 

Hederagenin (≥2.5% w/w in Sapindus extract), Acacic acid lactone (≥2.0% w/w in Acacia 

extract), Gallic acid (≥3.0% w/w in Phyllanthus extract), and Wedelolactone (≥0.8% w/w in 

Eclipta extract) (18,19,23,25). 

 

3. Formulation Development and Pharmaceutical Engineering of Herbal Shampoos 

Formulating a stable, aesthetically acceptable, and high-performing herbal shampoo requires 

balancing opposing colloid and rheological forces (1,5,10). While synthetic shampoos rely on 

simple ternary surfactant–salt–water phase diagrams (where adding 1–2% NaCl induces a 

sphere-to-wormlike micellar transition in SLES/CAPB systems, effortlessly raising viscosity 

to 4,000–8,000 cP), natural triterpenoid saponins do not form entangled wormlike micelles 

upon NaCl addition (5,10,17). Therefore, herbal shampoo engineering demands specialized 

surfactant blending, hydrocolloid network structuring, chelation, pH buffering, and green 

preservation (Table 4 & Fig. 4). 

 

3.1 Purely Herbal (100% Botanical) vs. Eco-Certified Green Surfactant Hybrid 

Matrices 

In contemporary cosmetic pharmaceutics, herbal shampoos are engineered into two distinct 

architectures (Table 4) (2,5,10,13): 

Table 4 Master pharmaceutical formulation engineering matrices comparing (A) 100% 

Purely Botanical Ayurvedic Shampoo, (B) Eco-Certified Green Surfactant Hybrid 

Shampoo, and (C) Waterless Solid Polyherbal Syndet Bar. 

Functional 

Excipient 

Category 

Formulation 

A: 100% 

Purely 

Botanical 

Ayurvedic 

Shampoo  

Formulation B: 

Eco-Certified 

Green 

Surfactant 

Hybrid Herbal 

Shampoo  

Formulation 

C: 

Waterless 

Solid 

Polyherbal 

Syndet 

Shampoo 

Bar  

Specific 

Pharmaceutical 

& Colloid 

Engineering 

Role 

Ref. 

Primary 

Cleansing 

Surfactant 

System 

Sapindus 

mukorossi 

standardized 

pericarp 

Sapindus 

mukorossi 

extract: 6.0% 

Coco-Glucoside 

Sodium 

Cocoyl 

Isethionate 

(SCI): 48.0% 

Reduces γ_LV 

to 32–35 mN/m; 

initiates roll-up 

emulsification 

(5,10,35) 
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extract: 

12.0% 

Acacia 

concinna pod 

extract: 6.0% 

(APG): 8.0% 

Sodium Cocoyl 

Glutamate: 

5.0% 

Coco-

Glucoside: 

10.0% 

Sapindus 

spray-dried 

powder: 

10.0% 

of sebum; 

generates stable 

viscoelastic 

foam 

Co-Surfactant 

& Foam 

Booster 

Ziziphus 

jujuba leaf 

extract: 3.0% 

Albizia 

amara 

extract: 2.0% 

Acacia concinna 

extract: 3.0% 

Cocamidopropyl 

Betaine (plant-

derived): 4.0% 

Acacia 

concinna pod 

powder: 

8.0% 

Stearic Acid 

/ Cetyl 

Alcohol 

(binder): 

8.0% 

Packs at air–

water interface 

via H-bonding; 

increases 

surface 

dilational 

modulus and 

flash foam 

volume 

(5,13,21) 

Active 

Therapeutic 

Keshya 

Botanicals 

Phyllanthus 

emblica: 

2.0% 

Eclipta 

prostrata: 

2.0% 

Azadirachta 

indica: 1.5% 

Lawsonia 

inermis: 

1.0% 

Phyllanthus 

emblica: 1.5% 

Eclipta 

prostrata: 1.5% 

Azadirachta 

indica: 1.0% 

Wrightia 

tinctoria: 1.0% 

Phyllanthus 

emblica 

powder: 

3.0% 

Eclipta 

prostrata 

extract: 2.0% 

Azadirachta 

seed oil: 

1.5% 

Hibiscus 

flower 

powder: 

2.5% 

Delivers 5α-

reductase 

inhibition, 

Wnt/β-catenin 

activation, anti-

Malassezia 

action, and 

cuticular scale 

sealing 

(7,11,23,26) 

 

3.2 Rheological Engineering and Non-Newtonian Pseudoplasticity 

An ideal liquid herbal shampoo must exhibit non-Newtonian pseudoplastic (shear-thinning) 

rheology governed by the Ostwald–de Waele Power Law Equation: τ = K · γ̇^n, and apparent 

viscosity η = K · γ̇^(n-1), where τ is shear stress (Pa), γ̇ is shear rate (s⁻¹), K is the consistency 

index, and n is the flow behaviour index (n < 1 for pseudoplastic fluids) (10,13,36). At rest 

inside the bottle (low shear rate, γ̇ < 0.1 s⁻¹), the shampoo must maintain a high apparent 

viscosity (2,500–5,500 cP at 25°C) and yield stress to prevent gravitational sedimentation of 

colloidal herbal particulates and phase separation of essential oils (10,36). Conversely, during 

squeezing from the orifice and manual spreading across wet hair (high shear rate, γ̇ = 50–500 

s⁻¹), the apparent viscosity must drop rapidly (to 300–700 cP) to allow effortless dispensing 

and uniform lather distribution (Fig. 4A) (36). 
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3.3 Hard-Water Compatibility, Chelating Systems, and Isoionic pH Buffering 

A classic failure mode of crude Ayurvedic decoctions in Indian household settings—where 

municipal and groundwater hardness frequently ranges from 150 to 400 ppm CaCO3 

equivalent—is the complexation of divalent cations (Ca2+ and Mg2+) with the C-28 

carboxylic acid groups (-COO⁻) of glucuronic acid-bearing saponins and hydrolysable 

gallotannins, resulting in foam collapse and dulling mineral deposits on the hair shaft (9,10). 

Furthermore, trace transition metal ions (Fe2+, Fe3+, Cu2+) leached from plant raw materials 

catalyze the auto-oxidation of gallic acid, catechin, and wedelolactone into dark ortho-

quinones, causing severe colour darkening and sediment formation during shelf storage (23). 

3.4 Green Preservation Strategies for Carbohydrate-Rich Botanical Matrices 

Because polyherbal shampoos contain high levels of botanical sugars, free oligosaccharides, 

amino acids, and mucilage hydrocolloids, they provide an ideal nutrient broth for Gram-

negative bacteria (especially Pseudomonas aeruginosa and Burkholderia cepacia), Gram-

positive cocci (Staphylococcus aureus), yeasts (Candida albicans), and moulds (Aspergillus 

brasiliensis) (10,37). Moreover, high concentrations of nonionic saponins and 

ethoxylated/glucoside surfactants can partition lipophilic preservatives (such as parabens or 

phenoxyethanol) into the hydrophobic core of surfactant micelles, drastically reducing the 

unbound preservative concentration in the bulk aqueous phase where microbes reside (37). 

 

4. Physicochemical, Analytical, Microbiological, and Clinical Evaluation Protocols 

Rigorous quality control of herbal shampoos requires standardized evaluation protocols 

encompassing physicochemical performance, rheological stability, phytochemical marker 

quantification, microbiological safety, and clinical trichological efficacy, benchmarked 

against the Bureau of Indian Standards (BIS) specification IS 7884:2023 (and IS 7884:2004 

reaffirmations), AYUSH Schedule T Good Manufacturing Practices, and the Ayurvedic 

Pharmacopoeia of India (API) (Table 5) (9,10,13,38,39). 
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Table 5 Standardized physicochemical, analytical, microbiological, and toxicological 

evaluation protocols and regulatory acceptance benchmarks (BIS IS 7884:2023 & 

AYUSH API). 

Evaluation 

Parameter 

Standardized 

Experimental /Protocol 

Mathematical 

Instrumentation 

BIS IS 

Benchmark 

Ref. 

pH 

Determination 

Potentiometric measurement 

of 10% w/v shampoo 

dispersion in freshly boiled 

and cooled distilled water at 

25 ± 1°C 

Calibrated digital 

glass-electrode pH 

meter 

BIS IS 7884 

range: 4.0–9.0 

Optimal 

Trichological 

Target: 4.8–5.6 

(9,14,38) 

Percent Solid 

Content (% 

w/w) 

Gravimetric evaporation of 

4.0 g shampoo in a tared 

porcelain evaporating dish 

on a water bath followed by 

hot-air oven drying at 105 ± 

2°C to constant weight 

% Solids = (W_dry / 

W_initial) × 100 

20.0% – 30.0% 

w/w 

(Ensures easy 

washability 

without sticky 

residue) 

(9,13,38) 

Surface 

Tension 

Reduction 

(γ_LV) 

Drop-weight/drop-count 

method using a Traube 

Stalagmometer or Du Noüy 

ring tensiometer on a 10% 

w/v aqueous shampoo 

dilution at 25°C 

γ_2 = γ_1 · (n_1 · 

ρ_2) / (n_2 · ρ_1) 

(where γ_1 of water = 

72.8 mN/m) 

31.0 – 38.0 

mN/m 

(dynes/cm) 

(Must reduce 

water γ by 

>50%) 

(9,10,13) 

Foaming 

Ability & 

Stability 

Ross–Miles Foam Analyzer 

(ASTM D1173) or Cylinder 

Shake Method (50 mL of 1% 

w/v shampoo shaken 10 

times; foam volume recorded 

at t = 1 min and t = 5 min) 

Foam Stability Index 

(FSI) = (V_5min / 

V_1min) × 100 

BIS IS 7884 

Min Foam 

Height: ≥150 

mm at 5 min 

FSI: ≥85% 

retention over 5 

min 

(9,13,38) 

Wetting Time Draves–Clarkson / Canvas 

Disc Method: 1-inch 

diameter standard canvas 

disc (0.44 g) floated on 1% 

w/v shampoo surface; time 

to start sinking recorded via 

stopwatch 

Direct chronometric 

measurement 

(seconds) at 25°C 

110 – 185 

seconds for 

purely herbal; 

65 – 120 

seconds for 

green hybrid 

shampoos 

(9,10,13) 

Detergency & 

Sebum 

Cleaning 

Power 

Barnett and Powers Test: 5.0 

g human hair swatch soiled 

with artificial sebum 

(squalene, olive oil, coconut 

oil, oleic acid, cholesterol) in 

hexane; washed in 100 mL 

of 5% shampoo at 35°C 

DP (%) = [1 - (T / C)] 

× 100 

(T = residual sebum in 

test; C = initial sebum 

in control) 

Purely 

Botanical: 58% 

– 72% 

Green Hybrid 

Herbal: 74% – 

86% 

(9,10,13,40) 
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5. Future Aspects: Phyto-Nanotechnology, Network Pharmacology, and Sustainable 

Upcycling 

A fundamental biopharmaceutical limitation of conventional herbal shampoos is their short 

contact residence time on the scalp (typically 1.5 to 3.0 minutes prior to aqueous rinsing) 

coupled with the poor stratum corneum permeability of polar, high-molecular-weight 

polyphenolic glycosides (such as wedelolactone, corilagin, and emblicanins, which violate 

Lipinski's Rule of Five due to high topological polar surface area and multiple hydrogen-

bond donors) (23,42). Consequently, over 95% of unencapsulated water-soluble herbal 

bioactives are washed down the drain before reaching the follicular bulge or dermal papilla 

(42,43). Integrating phyto-nanotechnology, network pharmacology, and circular green 

chemistry represents the transformative frontier of herbal trichology  

 

CONCLUSION 

The resurgence of Ayurvedic herbal shampoos represents far more than a nostalgic return to 

traditional ethnobotanical remedies; when engineered through the lens of modern colloid 

chemistry, trichological biophysics, and pharmaceutical technology, polyherbal shampoos 

offer a scientifically superior, multi-targeted alternative to harsh petrochemical sulfate 

detergents. While synthetic SLS and SLES shampoos strip the protective 18-MEA cuticular 

lipid monolayer, alkalinize the scalp acid mantle, and perturb the epidermal barrier, 

triterpenoid and steroidal saponins from Sapindus mukorossi, Acacia concinna, Ziziphus 

jujuba, and Albizia amara gently solubilize excess sebum via micellar roll-up at an isoionic 

pH (4.8–5.6) that keeps cuticular scales tightly appressed. Simultaneously, secondary Keshya 

and Kandughna botanicals—including Phyllanthus emblica, Eclipta prostrata, Azadirachta 

indica, Hibiscus rosa-sinensis, Lawsonia inermis, Trigonella foenum-graecum, and Wrightia 

tinctoria—intervene across the molecular pathophysiological network of scalp disorders by 

inhibiting 5α-reductase, activating canonical Wnt/β-catenin signaling in dermal papilla cells, 

complexing fungal ergosterol in Malassezia spp., scavenging squalene peroxides, and cross-

linking damaged keratin fibers. Overcoming the historical limitations of crude herbal 

decoctions requires rigorous standardization of marker phytoconstituents (via 

HPTLC/HPLC), synergistic blending with eco-certified alkyl polyglucosides and 

hydrocolloid networks (xanthan–galactomannan), green chelation with sodium phytate, and 

incorporation of 200–600 nm phyto-nanocarriers (phytosomes, niosomes, transfersomes, and 

NLCs) that leverage the cuticular ratchet effect to establish sustained follicular depots during 

brief wash cycles. Continued integration of network pharmacology, BIS IS 7884:2023 quality 
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validation, and randomized phototrichogram clinical trials will be pivotal in translating 

classical Indian pharmacognosy into globally competitive, evidence-based cosmeceutical hair 

therapeutics. 
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