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ABSTRACT
The present study focuses on the formulation and evaluation of
a polyherbal powder shampoo using traditionally recognized
Ayurvedic medicinal plants for effective and eco-friendly hair
care. The formulation incorporated Acacia concinna (Shikakai),
Sapindus mukorossi (Reetha), Emblica officinalis (Amla),
Eclipta alba (Bhringraj), Azadirachta indica (Neem), Hibiscus
rosa-sinensis (Hibiscus), and Multani Mitti, selected for their
cleansing, conditioning, antimicrobial, antioxidant, and hair
Herbal

collected, authenticated, shade-dried, pulverized, and sieved to

growth—promoting  properties. ingredients  were
obtain uniform powders suitable for formulation. Three
formulations (F1, F2, and F3) were prepared by varying the
proportions of active ingredients and evaluated systematically.
Preliminary phytochemical screening confirmed the presence of

saponins, flavonoids, tannins, alkaloids, glycosides, phenolics,

proteins, and mucilage, which contribute to the therapeutic efficacy of the formulation.

Organoleptic evaluation demonstrated acceptable colour, odour, texture, and appearance,

while physicochemical studies indicated suitable pH, low moisture content, and good flow

properties. Functional performance tests revealed satisfactory foaming ability, cleansing

efficiency, conditioning effect, and wetting time. Antimicrobial and anti-dandruff studies

showed significant inhibitory activity against Malassezia furfur and selected bacterial strains.

Among the developed formulations, batch F3 exhibited superior overall performance due to

its balanced cleansing, conditioning, and scalp-protective properties. The study concludes
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that the developed polyherbal powder shampoo represents a safe, stable, biodegradable, and
effective alternative to synthetic shampoos. The formulation successfully integrates
traditional Ayurvedic knowledge with modern scientific evaluation, thereby supporting the
growing demand for sustainable and herbal cosmetic products.

KEYWORDS: Powder Shampoo, Polyherbal Formulation, Novel Research, Phytochemical
Evaluation, Pharmacognostic Studies, Scalp Therapeutics, Hair Follicle Stimulation.

INTRODUCTION

Hair and scalp care play a significant role in maintaining personal hygiene, aesthetic
appearance, and overall dermatological health. Since ancient times, medicinal plants have been
extensively used in traditional healthcare systems for the treatment and management of hair
and scalp disorders. Among these systems, Ayurveda remains one of the oldest and most
scientifically enriched forms of traditional medicine, documenting the therapeutic applications
of numerous herbs in classical texts such as the Charaka Samhita and Sushruta Samhita.
Ayurvedic formulations have historically employed plant-derived ingredients including Acacia
concinna (Shikakai), Sapindus mukorossi (Reetha), Emblica officinalis (Amla), Eclipta alba
(Bhringraj), Azadirachta indica (Neem), and Hibiscus rosa-sinensis (Hibiscus) for cleansing,
conditioning, nourishing, and strengthening hair while maintaining scalp health. These
medicinal plants are rich in phytoconstituents such as saponins, tannins, flavonoids, alkaloids,
glycosides, vitamins, and phenolic compounds, which exhibit diverse pharmacological
activities including antioxidant, antimicrobial, anti-inflammatory, and hair growth—promoting
effects. In recent decades, the cosmetic industry has witnessed widespread utilization of
synthetic shampoos formulated with chemical surfactants such as sodium lauryl sulphate (SLS)
and sodium laureth sulfate (SLES).[M B4

Although these surfactants effectively remove dirt and excess sebum, their prolonged use is
frequently associated with adverse effects including scalp irritation, dryness, disruption of the
natural lipid barrier, hair brittleness, and increased susceptibility to hair damage. Furthermore,
synthetic shampoos commonly contain preservatives, artificial fragrances, stabilizers, and
colouring agents that may produce hypersensitivity reactions and environmental concerns due
to chemical accumulation and non-biodegradable packaging materials. As a result, consumer
preference has increasingly shifted toward herbal and eco-friendly cosmetic formulations that
offer enhanced safety, sustainability, and compatibility with scalp physiology. Herbal powder

shampoos represent a traditional yet scientifically promising alternative to synthetic liquid
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shampoos. These formulations rely primarily on naturally occurring saponins derived from
medicinal plants, which function as mild biodegradable surfactants capable of cleansing the
scalp without stripping essential oils. In addition, powder-based formulations possess superior
physicochemical stability because the absence of water minimizes microbial growth and

significantly reduces the requirement for synthetic preservatives.>H 7]

This contributes to extended shelf life, improved product stability, lower packaging
requirements, and reduced environmental burden. Herbal shampoos are also lightweight,
portable, economical, and suitable for regular long-term use owing to their mild and scalp-
friendly nature. An important concept associated with herbal therapeutics is polyherbalism,
which involves the synergistic combination of multiple medicinal plants to enhance therapeutic
efficacy and minimize toxicity. In polyherbal formulations, each ingredient contributes specific
functional properties that collectively provide comprehensive hair and scalp care. For example,
Shikakai and Reetha act as natural cleansing and foaming agents due to their high saponin
content, while Amla provides antioxidant protection and strengthens hair follicles through its
vitamin C and tannin constituents. Bhringraj is traditionally recognized as a potent hair growth

promoter that supports follicular regeneration and reduces hair fall.®!

Neem exhibits strong antimicrobial and antifungal activity against dandruff-causing
microorganisms such as Malassezia furfur, whereas Hibiscus functions as a natural conditioner
that improves hair texture, softness, and shine. The integration of these herbs into a single
formulation produces a multi-target therapeutic system capable of cleansing, conditioning,
nourishing, protecting, and rejuvenating the scalp and hair simultaneously. Dandruff,
scientifically known as pityriasis capitis, is among the most prevalent scalp disorders
worldwide and affects approximately half of the global population. The condition is primarily
associated with excessive proliferation of Malassezia furfur, a lipophilic yeast that causes
itching, flaking, irritation, and inflammation of the scalp. Conventional anti-dandruff therapies
generally employ synthetic antifungal agents such as ketoconazole and zinc pyrithione;
however, these agents may induce side effects including dryness, irritation, chemical
sensitivity, and scalp imbalance during prolonged usage. Consequently, medicinal plants
possessing inherent antifungal, antioxidant, and anti-inflammatory properties provide a safer

and more sustainable alternative for dandruff management and scalp protection. P01 [111{12]

Despite the growing global demand for herbal cosmetics and natural personal care products,

there remains a lack of scientifically standardized polyherbal powder shampoo formulations
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supported by comprehensive phytochemical, physicochemical, microbiological, and
pharmacological evaluation. Therefore, the present study was designed to formulate and
evaluate a polyherbal powder shampoo using selected Ayurvedic medicinal plants with
established therapeutic potential. The formulation aims to provide effective cleansing,
conditioning, anti-dandruff activity, and hair nourishment while ensuring safety, stability, user
acceptability, and environmental sustainability. The study further seeks to bridge the gap
between traditional Ayurvedic knowledge and modern scientific validation, thereby
contributing to the advancement of evidence-based herbal cosmetic formulations and

sustainable hair care systems.**!

1.1. Introduction: Drugs and Herbal-Based Therapeutics

The use of drugs and herbal formulations has been an integral component of human healthcare
systems since ancient times. Conventional synthetic drugs, although effective, are often
associated with adverse effects, toxicity, and long-term complications. In contrast, herbal drugs
derived from plant sources are increasingly gaining attention due to their safety profile,
biocompatibility, cost-effectiveness, and minimal side effects. Herbal formulations,
particularly polyherbal systems, are based on the synergistic interaction of multiple plant
constituents, enhancing therapeutic efficacy while reducing toxicity. 24

In recent years, there has been a paradigm shift towards natural and plant-based formulations
in pharmaceutical and cosmetic industries. Herbal drugs contain bioactive phytoconstituents
such as alkaloids, flavonoids, tannins, saponins, and glycosides, which exhibit diverse
pharmacological activities including antimicrobial, antioxidant, anti-inflammatory, and
conditioning effects. The formulation described in the provided study focuses on a polyherbal
powder shampoo composed of ingredients such as Shikakai, Reetha, Amla, Bhringraj, Neem,
and Hibiscus, each contributing specific therapeutic and cosmetic benefits. 1!

These herbal components function through natural mechanisms. For instance, saponins present
in Shikakai and Reetha act as natural surfactants, producing cleansing and foaming effects,
while Amla provides antioxidant protection and strengthens hair follicles. Similarly, Neem
exhibits potent antimicrobial properties, making it effective against dandruff-causing fungi,
and Hibiscus contributes to conditioning and scalp soothing. The integration of traditional
herbal knowledge with modern pharmaceutical approaches has led to the development of
innovative formulations such as polyherbal shampoos, which offer an alternative to synthetic

products. These formulations are not only eco-friendly but also align with the growing
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consumer demand for sustainable and chemical-free personal care products.™*”

1.2. Historical Background of Herbal Drugs

The history of herbal drug usage dates back thousands of years and is deeply rooted in ancient
civilizations such as Indian, Chinese, Egyptian, and Greek systems of medicine. In India, the
traditional system of Ayurveda, which originated around 3000-5000 years ago, extensively
utilized medicinal plants for the treatment and prevention of diseases. Classical Ayurvedic texts
such as the Charaka Samhita and Sushruta Samhita documented numerous herbal formulations
and their therapeutic uses. Herbal drugs were primarily used due to their natural availability,
ease of preparation, and observed efficacy in treating various ailments. Early humans relied on
empirical knowledge and trial-and-error methods to identify medicinal plants. Over time, this

knowledge was systematically documented and passed down through generations. %!

Specifically, ingredients like Shikakai and Reetha have been traditionally used in India for hair
cleansing purposes for centuries. Their natural saponin content made them ideal alternatives to
soap and synthetic detergents. Amla has been used as a rejuvenating agent in Ayurveda due to
its high vitamin C content and antioxidant properties, while Bhringraj has been referred to as
the “king of herbs” for hair growth and scalp health. The use of these herbs was driven by their
effectiveness, availability, and compatibility with human physiology. Unlike modern synthetic
drugs, herbal remedies were considered holistic, addressing the root cause of problems rather
than just symptoms. 26171200

1.3. Geographical Distribution and Cultivation

Medicinal plants used in herbal drug formulations are widely distributed across different
geographical regions, particularly in tropical and subtropical climates. India, being rich in
biodiversity, serves as a major source of medicinal plants used in Ayurvedic and herbal

formulations.?

e Shikakai (Acacia concinna) is predominantly found in central and southern India,
especially in regions such as Maharashtra, Tamil Nadu, and Karnataka. It grows in warm
climates and is typically cultivated in forest areas.

e Reetha (Sapindus mukorossi) is mainly distributed in the Himalayan region, including
Uttarakhand, Himachal Pradesh, and Nepal. It thrives in subtropical climates and is
commonly found at elevations between 200-1500 meters.

e Amla (Emblica officinalis) is widely cultivated throughout India and is particularly
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abundant in Uttar Pradesh, Madhya Pradesh, and Rajasthan.

e Bhringraj (Eclipta alba) grows in moist and tropical regions and is commonly found in
India, China, Thailand, and Brazil.

e Neem (Azadirachta indica) is native to the Indian subcontinent and is widely distributed
across India, Pakistan, and Bangladesh. It grows well in arid and semi-arid regions.

e Hibiscus (Hibiscus rosa-sinensis) is cultivated in tropical and subtropical regions

worldwide and is commonly grown as an ornamental and medicinal plant.

These plants are typically grown in natural environments or cultivated in herbal gardens. Their
growth depends on climatic conditions, soil type, and availability of water. The widespread
availability of these plants contributes to the feasibility and scalability of herbal

formulations[2211231[25].[24]

1.4. Discovery and Scientific Identification

The discovery and scientific identification of medicinal plants have evolved over centuries

through contributions from botanists, pharmacognosists, and traditional healers. Initially, the

identification of medicinal properties was based on traditional knowledge and empirical

observations. With the advancement of science, these plants were systematically classified

using botanical nomenclature and studied for their phytochemical constituents. 22!

For example

e Acacia concinna (Shikakai) and Sapindus mukorossi (Reetha) were identified for their
high saponin content, responsible for cleansing and foaming properties.

e Emblica officinalis (Amla) was recognized for its rich vitamin C content and antioxidant
compounds such as emblicanin.

e Azadirachta indica (Neem) gained scientific recognition due to compounds like
azadirachtin and nimbidin, which exhibit strong antimicrobial activity.

Modern analytical techniques such as chromatography, spectroscopy, and phytochemical
screening have further validated the therapeutic potential of these plants. These methods

confirm the presence of bioactive compounds responsible for their pharmacological effects.

1.5. Traditional and Modern Usage of Herbal Drugs
Herbal drugs have been used traditionally for various therapeutic and cosmetic purposes. In the

context of hair care, herbs like Shikakai and Reetha were traditionally used as natural cleansers,
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while Amla and Hibiscus were used for conditioning and improving hair texture. Historically,
these herbs were prepared in the form of powders, decoctions, or pastes and applied directly to
the scalp and hair. The preparation methods involved drying, grinding, and mixing plant
materials, similar to the method described in the provided formulation.

In modern times, these traditional formulations have been refined using scientific approaches
to improve their stability, efficacy, and user convenience. Polyherbal formulations, such as the
powder shampoo discussed in this study, combine multiple herbs to achieve synergistic effects.
The inclusion of excipients like Multani Mitti and citric acid further enhances the formulation
by improving texture, pH balance, and overall performance. Today, herbal drugs are widely
used in pharmaceutical, cosmetic, and nutraceutical industries. The increasing consumer
preference for natural products has led to a resurgence in the use of herbal formulations,

supported by scientific validation and regulatory approval, 27} [121281129]

OBJECTIVES

1. To collect, authenticate, and process selected medicinal plants used in the formulation of
polyherbal powder shampoo in order to ensure quality, purity, and standardization of raw
materials.

2. To perform preliminary phytochemical screening of the selected herbal ingredients for the
identification of bioactive phytoconstituents such as saponins, flavonoids, tannins,
alkaloids, and phenolic compounds responsible for therapeutic efficacy.

3. To formulate and optimize different batches of polyherbal powder shampoo by varying
the concentration of herbal ingredients to obtain improved cleansing, foaming,
conditioning, and anti-dandruff properties.

4. To evaluate the prepared formulations for physicochemical, organoleptic, and functional
parameters including pH, moisture content, flow properties, texture, foaming ability,
foam stability, cleansing efficiency, and conditioning effect to determine product quality
and consumer acceptability.

5. To evaluate the safety and stability of the optimized polyherbal powder shampoo
formulation through skin compatibility studies and accelerated stability testing in order to

ensure its suitability, efficacy, and long-term storage stability for regular cosmetic use.

Plan of Work
» Stage I: Literature Review & Study Planning Week 1

1. Collection of literature related to herbal hair care products.
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2. Study of scalp and hair disorders.

3. Understanding the need and market demand for herbal powder shampoo.

Week 2

1. Review of traditional herbal ingredients used in hair cleansing.
2. Review of marketed herbal powder shampoos.

3. ldentification of research gap.

Week 3
1. Study of formulation approaches for powder shampoo.
2. Selection of suitable herbal drugs and excipients.

3. Preparation of study workflow and methodology.

» Stage Il: Selection of Materials & Preformulation Study
Week 4

1. Selection and procurement of herbal ingredients.

2. Authentication of crude drugs.

3. Literature study of selected herbs.

Week 5
1. Drying and size reduction of herbal materials.
2. Preparation of herbal powders.

3. Organoleptic evaluation of raw materials.

Week 6
1. Determination of physicochemical properties of powders.
2. Compatibility study of ingredients.

3. Preliminary trial batches preparation.

» Stage I11: Formulation Development Week 7
1. Preparation of trial formulations with varying concentrations.

2. Optimization of herbal ingredient ratios.

Week 8
1. Evaluation of flow properties of powder blends.

2. Selection of optimized formulation.
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Week 9
1. Improvement of fragrance, texture, and appearance.

2. Preparation of final optimized batch.

Stage 1V: Evaluation of Polyherbal Powder Shampoo Week 10

>
1. Physical evaluation (colour, odour, texture, appearance).
2. Determination of pH.

3.

Washability test.

Week 11
1. Foamability and foam stability studies.
2. Dirt dispersion test.

3. Wetting time determination.

Week 12
1. Ash value determination.
2. Moisture content analysis.

3. Bulk density and tapped density.

Week 13

1. Angle of repose and flow property evaluation.
2. Skin irritation study.

3. Stability observation at room temperature.

» Stage V: Comparative & Stability Studies Week 14
1. Comparative evaluation with marketed herbal powder shampoo.
2. Assessment of cleansing action.

Week 15
1. Accelerated stability studies.

2. Evaluation of formulation after storage.

Week 16
1. Final stability data analysis.

2. Confirmation of optimized formulation.
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» Stage VI: Data Analysis & Interpretation Week 17
1. Compilation of all experimental data.

2. Preparation of tables and graphs.

Week 18
1. Statistical analysis of results.

2. Interpretation and comparison with literature.

» Stage VII: Documentation & Report Writing Week 19
1. Writing introduction and review of literature.

2. Preparation of materials and methods section.

Week 20
1. Writing results and discussion.

2. Preparation of photographs, tables, and graphs.

Week 21
1. Writing conclusion and future scope.

2. Reference formatting and plagiarism checking.

» Stage VIII: Finalization & Presentation Week 22
1. Final proofreading and corrections.

2. Guide review and modifications.

Week 23
1. Preparation of final project report.
2. Product packaging and labelling.

Week 24
1. Preparation of project presentation.

2. Final submission and viva preparation.
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METHOD AND MATERIALS
1. Shikakai (Acacia concinna)i*H L]

\ i

Fig. No. 1: Shikakai (Acacia Concinna).

= Pharmcognostic profile

Table No. 1: Pharmcognostic profile.

Attribute | Details
Family Fabaceae (Leguminosae)
Parts Used Pods, leaves, bark

Saponins (acaside A & B), lupeol, spinasterol, acacic acid,
oxalic acid, tartaric acid

Traditional Use Hair cleanser, detangler, scalp tonic in Ayurveda

pH of Aqueous Extract | Mildly acidic (4.5-5.5) — close to scalp pH

Active Constituents

= Key Pharmacological Activities

Natural Surfactant Activity: Rich in saponins, which reduce surface tension — effective
cleansing without stripping natural oils.

Antimicrobial Activity: Exhibits inhibitory effects against Staphylococcus aureus and fungal
scalp pathogens.

Anti-dandruff Activity: Controls Malassezia species (primary dandruff-causing fungi). Hair
Conditioning Effect: Maintains natural sebum — prevents dryness and breakage.

Antioxidant Activity: Presence of flavonoids protects hair follicles from oxidative stress.

=  Mechanism of Action
Shikakai
!

Saponins (Glycosides)
}

Reduce surface tension of water

!

Formation of mild foam

l

Emulsification of sebum & dirt

!
Gentle cleansing of scalp without lipid stripping

i

Maintains natural hair moisture & cuticle integrity.
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2. Reetha (Sapindus mukorossi)E2H23H1]

Fig. No. 2: Reetha (Sapindus Mukorossi).

= Pharmcognostic profile

Table No. 2: Reetha pharmcognostic profile.

Attribute Details
Family Sapindaceae
Parts Used Pericarp of fruit (soap nut)

Active Constituents| Saponins (hederagenin, oleanolic acid glycosides), mucilage, fatty acids
Traditional Use Natural detergent, anti-lice, anti-dandruff
Special Note Saponin content: 12-15%; excellent natural foaming agent

= Key Pharmacological Activities

Potent Foaming & Cleansing Agent: High triterpenoid saponins — strong natural detergent.
Antifungal Activity: Effective against dandruff-causing fungi.

Insecticidal / Anti-lice Activity: Traditionally used to eliminate lice infestation.
Anti-inflammatory Activity: Reduces scalp irritation and itching.

Antioxidant Property: Protects scalp from environmental damage.

=  Mechanism of Action

Reetha
1
Tri id S .

1

Foam formation + lipid binding
1

Eemovwal of dirt, oil, microbes
1
Interaction with fungal cell membrane
1
Membrane permeability T

1

Leakage of intracellular contents

1
Fungal cell death (anti-dandmff)

www.wipr.net | Vol 15, Issue 14,2026. |  1SO 9001: 2015 Certified Journal | 844 J




Paras et al. World Journal of Pharmaceutical Research

3. Amla (Emblica officinalis)3*' 7]

Fig. No. 3: Amla (Emblica officinalis).

= Pharmcognostic profile

Table No. 3: Amla Pharmcognostic profile.

Attribute 'Details
Family Phyllanthaceae
Parts Used Fruit (dried)

Emblicanin A & B, punigluconin, pedunculagin, Vitamin C,
tannins, gallic acid
Traditional Use Hair tonic, rasayana (rejuvenative), promotes hair growth
Reduces oxidative stress on scalp; prevents
premature greying

Active Constituents

Significance

= Key Pharmacological Activities

Strong Antioxidant Activity: Rich in Vitamin C, tannins (emblicanin A & B) — prevents
oxidative stress.

Hair Growth Promotion: Stimulates dermal papilla cells — enhances follicle activity. Anti-
aging Effect on Hair: Prevents premature greying by reducing oxidative damage.
Antimicrobial Activity: Protects scalp from infections.

Anti-inflammatory Activity: Soothes irritated scalp conditions.

=  Mechanism of Action

Amla

I
Vitamin C + Tannins (Emblicanin A & B)

1
Neutralization of free radicals (ROS)

|

Reduction of oxidative stress in hair follicles

|

Protection of melanocytes & keratinocytes

l

Improved collagen synthesis

|
Stronger hair shaft & delayed greying.
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4. Bhringraj (Eclipta alba)*M 7]

Fig. No. 4: Bhringaraj (Eclipta Alba).

= Pharmcognostic profile

Table No. 4: Bhringaraj pharmcognostic profile.

Attribute Details
Family Asteraceae
Parts Used Whole plant / leaves

Wedelolactone, ecliptine, ecliptal, beta-amyrin, stigmasterol,
triterpenoids

Traditional Use Kesharaja (king of hair herbs) in Ayurveda
Significance Promotes anagen phase of hair cycle; reduces hair fall

Active Constituents

= Key Pharmacological Activities

Hair Growth Promoter (Clinically Important): Stimulates anagen (growth phase) of hair
cycle.

Anti-hair Fall Activity: Strengthens hair roots via improved blood circulation.
Hepatoprotective Activity: Indirectly benefits hair through improved metabolism.
Anti-inflammatory Activity: Reduces scalp inflammation.

Antimicrobial Activity: Prevents microbial scalp infections.

= Mechanism of Action
—
l
Wedelolactone & Eclipting
l
Stimulation of dermal papilla cells
1
Activation of hair follicles
1
Prolongation of anagen (growth phase)
Il
Increased blood circulation to scalp
Il
Enhanced nutrient delivery
Il
Hair growth T and hair fall |
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5. Neem (Azadirachta Indica)EeHMH0LA]

= Pharmcognostic profile
Table No. 5: Neem (Azardirachta Indica).

Attribute Details

Family Meliaceae

Parts Used Leaves (dried powder)

Active Constituents | Nimbin, nimbidin, azadirachtin, quercetin, beta-sitosterol

Traditional Use Skin and scalp infections, anti-lice, anti-dandruff

Significance Specifically active against Malassezia furfur (dandruff-causing fungus)

= Key Pharmacological Activities

Broad-spectrum Antimicrobial Activity: Active against bacteria, fungi, and viruses.
Powerful Antifungal Activity: Effective against Malassezia — dandruff control.
Anti-inflammatory Activity: Reduces itching, redness, and irritation.

Insecticidal Activity: Eliminates lice and scalp parasites.

Immunomodulatory Effect: Enhances scalp defence mechanisms.

= Key Pharmacological Activities

Neem

1

Azadirachtin + Nimbidin

1

Disruption of microbial enzyme systems

1
Inhibition of fungal growth

1

Damage to microbial cell wall

1
Reduced dandruff & infection

1

Anti-inflammatory mediator inhibition

1

Reduced itching & redness
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6. Hibiscus (Hibiscus rosa-sinensis)**#2H]

Fig. No. : Hibiscus (Hibiscus rosa-sinesis).

= Pharmcognostic profile
Table No. 6: Hibiscus pharmcognostic profile.

Attribute Details

Family Malvaceae

Parts Used Flowers and leaves

Active Constituents I\/_Iu_cil_age, pectin, anthocyanins, flavonoids, quercetin,
hibiscin

Traditional Use Hair conditioner, natural hair colour, promotes hair growth

Significance Mucilage provides natural conditioning and detangling effect]

= Key Pharmacological Activities

Hair Growth Stimulant: Promotes follicular regeneration.

Conditioning & Moisturizing Effect: Rich mucilage — improves hair softness and shine.
Anti-dandruff Activity: Helps reduce scalp flaking. Antioxidant Activity: Contains
flavonoids and anthocyanins. Anti-inflammatory Effect: Soothes scalp irritation.

= Key Pharmacological Activities

Hibiscus

|

Mucilage + Flavonoids

1

Formation of protective coating on hair shaft

1

Reduced moisture loss

1

Improved softness & shine

1

Nutrient supply to follicles

1

Follicle strengthening

1

Hair growth stimulation.
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7. Multani Mitti (Fuller’s Earth). 341 [211130]

= Pharmcognostic profile

Table No. 7: Multani Mitti pharmcognostic profile.

Attribute Details

Family Montmorillonite Clay (Natural Mineral Clay)

Source Naturally occurring absorbent clay, mainly found in India
Parts Used Fine clay powder

Active Constituents

Hydrated aluminum silicates, magnesium, calcium, silica, iron oxide,
quartz, dolomite

Traditional Use

Natural hair cleanser, scalp cooling agent, oil absorber, skin and hair
purifier in Ayurveda and traditional medicine

pH of Aqueous Extract]

Mildly alkaline to neutral (6.5-7.5) — generally safe for scalp
application when properly formulated

= Key Pharmacological Activities

Adsorbent Activity: Absorbs excess oil, dirt, and toxins from scalp. Cleansing &

Detoxifying Effect: Deep-cleans pores without chemicals. Cooling & Soothing Effect:

Provides relief from scalp irritation.

Mild Antimicrobial Property: Helps maintain scalp hygiene.

pH Balancing Role: Maintains scalp-friendly conditions.

= Key Pharmacological Activities

WWW.wjipr.net

Multani Mitti

1

Highly porous clay minerals

1

Large surface area

1

Adsorption of oil, toxins, impurities

1

Pemoval from sealp surface

1

Cooling effect on skin

1

Reduced irritation & excess sebum.
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MATERIAL

The materials required for the formulation and evaluation of the polyherbal powder shampoo
were categorized into plant materials, excipients, reagents, microbiological media, and
instruments. The selected plant materials included Acacia concinna (Shikakai pods), Sapindus
mukorossi (Reetha fruit pericarp), Emblica officinalis (Amla fruit), Eclipta alba (Bhringraj
whole plant), Azadirachta indica (Neem leaves), and Hibiscus rosa-sinensis (Hibiscus flowers
and leaves). These plants were chosen based on their well-documented cleansing, conditioning,
antimicrobial, and hair growth—promoting properties.

Excipients used in the formulation comprised Multani Mitti (Fuller’s earth) as an absorbent
base, rice flour as a filler, citric acid as a pH-adjusting agent, and menthol as an optional cooling
agent. Preliminary phytochemical screening involved standard reagents such as Mayer’s
reagent, Dragendorff’s reagent, ferric chloride (FeCls), sulfuric acid (H,SO,), sodium
hydroxide (NaOH), hydrochloric acid (HCI), Benedict’s reagent, and ninhydrin.

For microbiological studies, nutrient agar and Sabouraud Dextrose Agar (SDA) were employed
along with dimethyl sulfoxide (DMSO) and standard antifungal discs. The instruments utilized
during the study included an analytical balance, pH meter, sieve sets (80 and 100 mesh), hot
air oven, Brookfield viscometer (where available), and a desiccator. /6471

Table No. 8: Materials Collection and Authentication of.

Category Materials

Plant Materials Shikakai pods, Reetha fruit pericarp, Amla fruit, Bhringraj whole
plant, Neem leaves, Hibiscus flowers/leaves
Multani Mitti (Fuller's Earth), Rice flour (filler), Citric acid (pH

Excipients adjuster), Menthol (cooling agent — optional)
Reagents for Mayer's reagent, Dragendroff's reagent, FeCI3, H2SO4, NaOH,
Phytochemistry HCI, Benedict's reagent, Ninhydrin

Nutrient agar, Sabouraud Dextrose Agar (SDA), DMSO,
standard antifungal discs

Analytical balance, pH meter, Sieve (80 & 100 mesh), Oven,
Brookfield viscometer (if available), Desiccator

Microbiology Media

Instruments

Plant Materials

All plant materials were collected from reliable herbal markets and local sources to ensure
authenticity and quality. In certain cases, standardized herbal powders were procured from
certified suppliers to maintain consistency. The collected raw materials were authenticated by

a qualified botanist, and voucher specimens were prepared and submitted to a recognized
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herbarium for future reference. Voucher specimen numbers were recorded systematically for

documentation and traceability.

The specific plant parts collected for the study included Shikakai pods, Reetha fruit pericarp,
dried Amla fruits, Bhringraj leaves, Neem leaves, and Hibiscus flowers along with leaves.
Proper identification and authentication ensured the credibility and reproducibility of the

research work. [“®l4°]

Preparation of Plant Powders

The collected plant materials were initially washed thoroughly with distilled water to
eliminate dirt, debris, and surface contaminants. The cleaned materials were then subjected to
shade drying at ambient room temperature (25-30°C) for a period of 7-10 days to preserve
thermolabile phytoconstituents. Alternatively, controlled drying was performed using a tray
dryer maintained at 40-50°C for 6-8 hours when required.

Once completely dried, the plant materials were pulverized using a mechanical grinder to
obtain coarse powders. These powders were subsequently sieved through sieve number 80
(180 pum) to achieve uniform particle size. For enhanced texture and improved formulation
quality, the powders were further passed through sieve number 100 (150 um) to obtain finer

particles.

The prepared powders were stored in airtight, light-resistant containers and kept in a cool, dry
environment to prevent moisture absorption, degradation, and contamination until further use

in formulation development.°! 5]

Preliminary Phytochemical Screening

Preliminary phytochemical screening represents a crucial step in the scientific evaluation,
standardization, and quality assessment of herbal formulations, particularly in the
development of polyherbal cosmetic products such as powder shampoos. This analytical
process involves the qualitative identification of major classes of bioactive constituents
present in crude plant materials, thereby providing insight into their therapeutic potential and
functional properties. In the present study, a polyherbal powder shampoo formulation
composed of Acacia concinna (Shikakai), Sapindus mukorossi (Reetha), Emblica officinalis
(Amla), Eclipta alba (Bhringraj), Azadirachta indica (Neem), Hibiscus rosa-sinensis
(Hibiscus), and Multani Mitti was subjected to systematic phytochemical screening using
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established standard procedures.

The qualitative analysis focused on detecting both primary and secondary metabolites,
including alkaloids, flavonoids, tannins, saponins, glycosides, phenolic compounds, proteins,
and carbohydrates. Standard chemical tests were employed for each class of compounds:
alkaloids were identified using Dragendorff’s, Mayer’s, and Wagner’s reagents, producing
characteristic precipitates; flavonoids were confirmed by the Shinoda and alkaline reagent
tests through observable color changes; and tannins and phenolics were detected using ferric
chloride and lead acetate tests, yielding blue-black or green coloration. The foam test was
used to confirm the presence of saponins, while glycosides were detected using Keller-Killiani
and Borntrager’s tests. Additionally, terpenoids and steroids were identified using Salkowski
and Liebermann-Burchard reactions, whereas Molisch’s and Biuret tests confirmed the

presence of carbohydrates and proteins, respectively.

The results revealed a strong presence of saponins, particularly from Shikakai and Reetha,
which are responsible for the natural surfactant and foaming properties of the formulation.
These amphiphilic compounds facilitate emulsification of oils and efficient removal of dirt and
sebum from the scalp without disrupting the natural lipid balance. Flavonoids and phenolic
compounds, abundantly present in Amla, Neem, and Hibiscus, contribute significant
antioxidant activity by scavenging reactive oxygen species, thereby protecting hair follicles

from oxidative stress and preventing premature greying.

Tannins identified in Amla and Shikakai impart astringent properties, promoting scalp
tightening, reducing excess oil secretion, and enhancing hair strength and texture. Alkaloids and
glycosides, predominantly found in Bhringraj and Neem, exhibit antimicrobial and hair growth-
promoting activities, potentially stimulating hair follicles and improving scalp circulation.
Proteins and carbohydrates, mainly derived from Hibiscus, provide conditioning and
moisturizing effects, strengthening the hair shaft and improving overall hair manageability.
Furthermore, the presence of terpenoids and steroids enhances the formulation’s anti-
inflammatory and antimicrobial efficacy, particularly against dandruff-causing
microorganisms such as Malassezia species. Multani Mitti contributes through its mineral
content and adsorptive capacity, aiding in detoxification and removal of impurities from the

scal p. [521,[53],[54],[55],[111,[271,[46]

Overall, the preliminary phytochemical screening confirms the presence of diverse bioactive
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constituents that collectively contribute to the multifunctional properties of the polyherbal
formulation. This analysis not only validates the traditional use of the selected herbs but also
establishes a scientific foundation for further quantitative and advanced studies, thereby
supporting the formulation’s potential as a safe, effective, and eco-friendly alternative to

synthetic shampoos.

Table No. 9: Preliminary Phytochemical Screening.

Phytoconstituent ‘Test Observation (Positive)
Saponins Fpam L1251 — Sl SISl DAl Persistent foam (>15 min)
vigorously

Tannins Ferric chloride test Blue-black or green precipitate
Flavonoids Shinoda test (Mg + HCI) Pink/red coloration

. , , White/cream or orange
Alkaloids Mayer's / Dragendroff's reagent orecipitate
Glycosides Borntrager's test / Keller-Killiani Pink ring / reddish-brown layer
Sterols/Steroids Liebermann-Burchard test Green/blue color
Proteins/Amino acids | Ninhydrin test Purple coloration
Reducing sugars Benedict's test Brick red precipitate
Fixed oils & fats Spot test on filter paper Translucent stain
Mucilage Ruthenium red test Pink/red coloration
METHODOLOGY

e Step I: Collection of Plant Materials

Plant materials such as Shikakai pods, Reetha fruit pericarp, Amla fruits, Bhringraj leaves,
Neem leaves, and Hibiscus flowers/leaves were collected from reliable herbal markets and
authenticated by a qualified botanist. Voucher specimens were prepared and recorded for

documentation.

e Step IlI: Cleaning
The collected plant materials were washed thoroughly with distilled water to remove dirt,

debris, and surface contaminants.

e Step I1l: Drying
The cleaned materials were shade dried at room temperature (25-30°C) for 7-10 days to
preserve thermolabile constituents. Alternatively, drying was done in a tray dryer at 40-50°C

for 6-8 hours.

e Step IV: Grinding
The dried plant materials were pulverized using a mechanical grinder to obtain coarse powder.
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e Step V: Sieving
The powdered material was: 1. Passed through sieve no. 60 (250 um) for uniform size 2.

Further refined using sieve no. 80 (180 um) for finer texture.

e Step VI: Storage of Individual Powders
The powders were stored in airtight, light-resistant containers in a cool and dry place to

prevent moisture absorption and contamination.

e Step VII: Weighing of Ingredients
Each plant powder was accurately weighed as per formulation composition using a calibrated
analytical balance.

Step VIII: Mixing (Geometric Dilution Method)
Shikakai and Reetha powders were first mixed as the base
Amla was added and blended thoroughly

w N e

Other ingredients were incorporated gradually using the geometric dilution method to

ensure uniform mixing.

» Step IX: Addition of Excipients
Excipients such as:
1. Multani Mitti (absorbent)
2. Menthol (cooling agent)
3. Citric acid (pH adjuster) was added and mixed uniformly to enhance formulation

properties.

e Step X: Final Sieving
The final powder was re-sieved (sieve no. 80) to ensure uniformity, smooth texture, and

removal of lumps.

e Step XI: pH Adjustment
The pH was adjusted using citric acid to maintain a scalp-friendly range of 5.5-6.5.

e Step XII: Packaging & Labelling
The final powder was packed in suitable airtight containers and properly labelled for

identification and storage.
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e Step XIII: Storage
The finished formulation was stored in a cool, dry place to maintain stability and prevent

moisture-related degradation.

Formulation of Polyherbal Powder Shampoo

1. Rationale of Formulation

The polyherbal powder shampoo was systematically formulated by integrating traditionally
recognized medicinal plants possessing complementary pharmacological activities to develop
an effective and holistic hair care system. The formulation approach was primarily centered on
the use of natural, plant-derived ingredients to ensure safety, biocompatibility, and
environmental sustainability. Particular emphasis was placed on incorporating saponin-rich
drugs such as Acacia concinna (Shikakai) and Sapindus mukorossi (Reetha), which function as
mild, biodegradable surfactants. These agents facilitate efficient removal of dirt, oil, and
accumulated impurities from the scalp and hair shaft without disrupting the natural lipid barrier,

thereby minimizing irritation and dryness commonly associated with synthetic detergents.

In addition to cleansing agents, conditioning and antioxidant-rich herbs, including Emblica
officinalis (Amla) and Hibiscus rosa-sinensis, were incorporated to improve hair texture,
enhance smoothness, and impart natural shine. These botanicals are also known to provide
protective effects against oxidative stress, which contributes to hair damage and premature
aging. Furthermore, Eclipta alba (Bhringraj) was included for its well-documented role in

promoting hair growth and strengthening hair follicles.

To address scalp health, antimicrobial and antifungal agents such as Azadirachta indica (Neem)
were integrated into the formulation to inhibit the growth of dandruff-causing microorganisms
and maintain a healthy scalp microenvironment. Additionally, excipients like Multani Mitti

were employed as natural absorbents to enhance cleansing efficiency and improve the texture
of the powder, while citric acid was used to adjust and maintain the formulation within a

scalpcompatible pH range.

Overall, the formulation represents a synergistic combination of herbal ingredients designed to
deliver multiple functional benefits, including cleansing, conditioning, antimicrobial
protection, and hair nourishment. This polyherbal approach offers a safe, eco-friendly, and
effective alternative to conventional synthetic shampoos, making it suitable for regular use and

long-term hair care.>®M*]
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2. Selection of Ingredients and Their Functional Role

Table No. 10: Information of Ingredients.

Ingredient ‘iological Source Role in Formulation

Shikakai (Acacia concinna) |Pods Primary natural cleanser (rich in saponins)
Reetha (Sapindus mukorossi)| Fruit pericarp | Foaming agent and surfactant

Amla (Emblica officinalis) | Dried fruit Conditioner, antioxidant, hair strengthening
Bhringraj (Eclipta alba) Whole plant Hair growth promoter and darkening agent
Neem (Azadirachta indica) |Leaves Antifungal and anti-dandruff agent
;Ir']l;ﬁ;lg’ (Hibiscus rosa- Leaves & flowers| Natural conditioner and color enhancer
Multani Mitti Mineral Absorbent and base material

Citric Acid Synthetic pH adjuster

Menthol Natural Cooling agent and fragrance

3. Batch Composition
Table No. 11: Batch Composition.

Ingredient Role F1(%) F2(%) F3(%)
Shikakai (Acacia concinna) Primary cleanser (saponins) 30 25 20
Reetha (Sapindus mukorossi) Co-cleanser / foaming agent 20 25 25
Amla (Emblica officinalis) Conditioning + antioxidant 15 15 20
Bhringraj (Eclipta alba) Hair growth promoter 10 10 15
Neem (Azadirachta indica) Antimicrobial / anti-dandruff 10 10 10
Hibiscus (Hibiscus rosasinensis) | Conditioning + natural colour 5 5 5
Multani Mitti (Fuller's Earth) Absorbent / texture base 8 8 3
Citric acid pH adjuster (target pH 5-6) 1 1 1
Menthol (optional) Cooling / fragrance 1 1 1
Total 100 100 100

Formulation Design Rationale and Optimization

1. Critical Formulation Considerations

The development of the polyherbal powder shampoo was guided by several critical
physicochemical and functional parameters to ensure efficacy, stability, and user acceptability.
Particle size was a key consideration, with the formulation standardized to a fine powder (<180
pum) to facilitate uniform application, improved dispersion in water, and enhanced interaction
with the scalp and hair surface. Maintaining an appropriate pH range of 5.0-6.0 was essential
to align with the natural pH of the scalp, thereby minimizing irritation and preserving the
integrity of the hair cuticle.

Moisture content was carefully controlled to prevent microbial growth and ensure prolonged
shelf stability of the formulation. Additionally, flow properties were optimized through

systematic sieving and blending techniques to achieve a free-flowing powder, which is crucial
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for ease of handling, packaging, and application. Homogeneity of the formulation was ensured
using the geometric dilution method, allowing uniform distribution of active constituents and

excipients, thereby enhancing consistency and reproducibility of the product.>" 2428

2. Optimization Strategy

The formulation was optimized by preparing and evaluating three different batches (F1, F2,
and F3) with varying proportions of key herbal ingredients. Batch F1 was designed with a
higher concentration of Shikakai, resulting in enhanced cleansing activity due to its natural
saponin content; however, it exhibited comparatively lower conditioning properties. Batch F2
represented a balanced formulation, offering moderate cleansing efficiency along with
acceptable foaming and conditioning characteristics.

Batch F3 was identified as the optimized formulation based on its superior overall performance.
This batch incorporated higher proportions of Amla and Bhringraj, which are well known for
their conditioning and hair-strengthening properties. Additionally, an increased content of
Reetha contributed to improved foaming capacity and cleansing efficiency. The reduction in

Multani Mitti minimized excessive dryness and improved the overall sensory profile of the
formulation. The synergistic combination of these ingredients in F3 resulted in a formulation
that effectively balanced cleansing, conditioning, and scalp health, thereby making it the most

suitable candidate for further evaluation and application.

3. Final Formulation Characteristics

The optimized formulation (F3) is expected to exhibit desirable physicochemical and
functional attributes consistent with an effective herbal shampoo. It presents as a fine,
freeflowing powder with good flowability, ensuring ease of application and uniform
distribution. The formulation possesses a pleasant herbal odor complemented by a mild cooling

sensation, primarily attributed to the presence of menthol.

Functionally, the formulation demonstrates satisfactory foaming ability and effective cleansing
action, owing to the presence of natural saponins from Shikakai and Reetha. The inclusion of
conditioning agents such as Amla and Bhringraj contributes to improved hair texture, reduced
tangling, and enhanced manageability. Furthermore, the presence of antimicrobial herbs like
Neem supports anti-dandruff activity, promoting scalp health. The formulation is also expected
to remain stable under normal storage conditions, with minimal risk of moisture-induced

degradation or microbial contamination, thereby ensuring product safety, efficacy, and shelf
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life,[571[441.139] [41]

Evaluation Parameters of Polyherbal Powder Shampoo

The evaluation of polyherbal powder shampoo is a critical step to ensure its quality, safety,
efficacy, and consumer acceptability. A systematic assessment is performed by classifying the
evaluation parameters into organoleptic, physicochemical, functional (performance),
microbiological, and safety parameters. Each category provides essential information regarding

the formulation characteristics and its suitability for topical application.

Organoleptic Evaluation

Organoleptic evaluation of the polyherbal powder shampoo was carried out to assess its sensory
characteristics, including colour, odour, texture, and appearance, which are important for
consumer acceptability. The formulations (F1, F2, and F3) exhibited a characteristic green to
greenish-brown colour due to the presence of herbal ingredients such as Amla, Neem,
Bhringraj, and Hibiscus. Odour evaluation revealed a pleasant herbal aroma with a mild cooling
effect imparted by menthol. Texture analysis showed that the powder was fine, smooth,
uniform, and non-gritty, indicating proper grinding and sieving. Appearance testing confirmed
that the formulation was free-flowing, homogeneous, and devoid of lumps or foreign particles.
Stability studies demonstrated that the optimized formulation (F3) retained acceptable sensory
properties with only slight fading of colour and mild reduction in odour intensity over time,
confirming good physical stability and overall formulation quality suitable for topical
application.>

Table No. 12: Organoleptic Evaluation Physiochemical.

Parameter ~ Method Expected Standard
Colour Visual observation Dark Green to brown colour

Characteristic herbal/pleasant odour

Odour Olfactory evaluation by 3-5 evaluators & mild cooling

Fine, smooth, Uniform and nongritty

Texture Touch and feel between fingers

powder
Appearance | Visual observation Free-flowing, uniform, no lumps
Taste Minimal oral evaluation (optional) Mild astringent (due to tannins)
Evaluation

Physicochemical evaluation ensures the stability and compatibility of the formulation with
scalp physiology. Key parameters include pH, moisture content (loss on drying), bulk density,

tapped density, Carr’s Index, Hausner ratio, and angle of repose. The pH is generally
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maintained between 5.0 and 6.0 to match the natural scalp environment and prevent irritation.
Moisture content should be minimal to avoid microbial contamination. Flow properties such
as Carr’s Index and angle of repose determine the handling and packaging efficiency. [581. (591 [60]
Procedure for pH Determination

The pH of the polyherbal powder shampoo was determined using a digital pH meter. A 1% w/v
solution was prepared by dissolving 1 g of powder shampoo in 100 mL of distilled water. The
mixture was stirred uniformly and allowed to stand for 5 minutes for complete hydration. The
pH meter was calibrated using standard buffer solutions before analysis. The electrode was
immersed in the prepared solution, and the pH was recorded after stabilization at room
temperature (25°C). Measurements were performed in triplicate to ensure accuracy and

reproducibility. The average pH value was expressed as mean * standard deviation (SD).

The obtained pH values indicated that the formulation falls within the acceptable range,
suggesting that the polyherbal powder shampoo is safe, non-irritating, and suitable for topical

application on the scalp. pH is 5.7

Fig. No. 8: pH Determination test Moisture Content (Loss on Drying) of Polyherbal

Powder Shampoo.

Moisture content, expressed as Loss on Drying (LOD), was determined to assess the stability
and storage suitability of the polyherbal powder shampoo formulation. For the analysis, 50 g
of the polyherbal powder shampoo was accurately weighed and placed in a clean, dry, pre-
weighed petri dish. The initial weight of the sample was recorded. The sample was then dried
in a hot air oven maintained at 100°C for 3 hours. After drying, the dish was removed, cooled
in a desiccator to avoid moisture absorption, and weighed again to obtain the final weight.

Drying was continued until a constant weight was achieved.
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The percentage Loss on Drying was calculated using the formula:
% LOD = [(Initial weight - Final weight) / Initial weight] x 100
=[(2-1.79)/ 2] x 100

=[(0.21) / 2] x 100

Fig. No. 9: Moisture Content.

= [0.105] x 100
% LOD = 10.5 %

Thus, the weight loss due to drying was 2.75 g, indicating the moisture content present in the
formulation. The acceptable limit for moisture content is not more than 10%, with an ideal
range of 5-8% for ensuring good shelf life and stability. The obtained value of 5.5 falls within
the ideal range, indicating that the formulation possesses adequate dryness, reduced risk of
microbial growth, and good storage stability.

Bulk Density and Tapped Density of Polyherbal Powder Shampoo
Bulk density is the ratio of the mass of a powder to its bulk volume, which includes the volume
of particles along with the void spaces between them. It reflects how a powder behaves under

minimal compaction and is important for determining flowability and packaging requirements.

Tapped density, on the other hand, is the ratio of the mass of a powder to its volume after
mechanical tapping, which reduces the void spaces and causes particles to pack more closely.
It indicates the powder’s ability to consolidate. The comparison of both parameters helps assess
flow properties, compressibility, and handling characteristics of pharmaceutical and herbal

powders.

Bulk density and tapped density are important micromeritic properties used to evaluate the flow
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characteristics and packing ability of powder formulations. These parameters are essential for

ensuring uniform filling, handling, and processing of the polyherbal powder shampoo.

For the determination of bulk density, accurately weighed 20 g of the polyherbal powder
shampoo was gently poured into a clean, dry 100 mL graduated cylinder without compacting

the powder. The initial bulk volume was recorded.

Bulk Density

sibnl ,s1frd2s168EM ,nospbns t
-

Fig. No. 10: Bulk density test.

Bulk Density = Mass / Bulk VVolume
=209g/47.60 ml
=0.42 g/mL

Tapped Density

For tapped density, the same cylinder containing the sample was tapped 100 times from a height
of 2.5 cm.

The tapped volume was then recorded after the powder bed reached a constant volume.

Tapped Density = Mass / Tapped Volume
=20g/41.60 mi
=0.48 g/mL

Thus, the calculated values confirm that
» Bulk Density =0.42 + 0.02 g/mL
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» Tapped Density =0.48 £ 0.03 g/mL

Fig. No. 11: Tapped Density.

The difference between bulk and tapped density indicates the powder’s ability to undergo
volume reduction under mechanical tapping. The observed values suggest good packing ability

and acceptable flow properties of the polyherbal powder shampoo.

Carr’s Compressibility Index (%0)

Carr’s Compressibility Index (CI) is a widely accepted micromeritic parameter used to evaluate
the flowability and compressibility characteristics of powder formulations. It provides a
quantitative measure of the propensity of a powder to consolidate under applied pressure and
is particularly important in assessing handling, processing, and packaging behavior of
pharmaceutical and herbal powders. A lower Carr’s Index indicates better flow properties,
while higher values suggest poor flow due to greater interparticle friction and cohesiveness.
According to standard guidelines, a ClI value below 15% indicates good flowability, 15-25%
indicates fair to passable flow, and values above 25% suggest poor flow characteristics. Thus,
Carr’s Index serves as a critical quality control parameter in the systematic evaluation of

polyherbal powder shampoo formulations.

Carr’s Index is calculated using the bulk density and tapped density values, as per the following
equation

Carr’s Index (%) = [(Tapped Density — Bulk Density) / Tapped Density] x 100

=[(0.48 g/ml — 0.42 g/ml) / 0.48 g/ml] x 100

=[0.06/0.48] x 100

=0.125 x 100

www.wipr.net | Vol 15, Issue 14,2026. |  1SO 9001: 2015 Certified Journal | 862 J




Paras et al. World Journal of Pharmaceutical Research

=125%
Carr’s Index = 12.5%
This value indicates good flow properties, as per standard classification (<15% = good

flowability).

Hausner Ratio

Hausner Ratio is a widely used micromeritic parameter that evaluates the flowability and
cohesiveness of powder formulations. It is particularly important in pharmaceutical and herbal
product development, as it provides insight into the interparticle friction and packing behavior
of powders during handling, processing, and storage. A Hausner Ratio close to 1 indicates
minimal difference between bulk and tapped densities, suggesting good flow properties and
low cohesiveness. Conversely, higher values indicate poor flow due to increased interparticle
attraction and resistance to movement. According to standard classification, a Hausner Ratio
of <1.25 indicates good flowability, 1.25-1.5 indicates passable flow, and values >1.5 suggest
poor flow characteristics.

Thus, Hausner Ratio serves as a reliable and systematic parameter for assessing powder flow
behavior and ensuring quality control of polyherbal powder shampoo formulations.

The Hausner Ratio is calculated using bulk density and tapped density values as follows:
Hausner Ratio = Tapped Density / Bulk Density

=0.48 g/ml/0.42 g/ml

=1.1428

Hausner Ratio = 1.14

A Hausner Ratio of 1.14 indicates good flow properties, as values <1.25 are considered Angle
of Repose (0): indicative of low interparticle friction and excellent flowability. This confirms
that the polyherbal powder shampoo has suitable handling and processing characteristics.

Angle of Repose (0)

Angle of repose is a fundamental micromeritic parameter used to evaluate the flow properties
of powder formulations. It is defined as the maximum angle formed between the surface of a
pile of powder and the horizontal plane when the powder is allowed to flow freely through a
funnel. This parameter provides a direct measure of interparticle friction and cohesion, which

are critical for assessing handling, processing, and packaging characteristics of pharmaceutical
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and herbal powders. Lower values of the angle of repose indicate better flowability, whereas
higher values suggest poor flow due to increased cohesiveness. According to standard
classification, an angle below 30° indicates excellent flow, 30—40° indicates good flow, and
values above 40° signify poor flow behaviour. Thus, angle of repose serves as a simple, reliable,

and widely accepted method for the systematic evaluation of powder flow characteristics.

The angle of repose (0) is calculated using the relationship.
Tan 6 = Height / Radius
where h is the height of the powder heap and r is the radius of the base. The value of 6 is then

obtained by taking the inverse tangent.

» Given

Radius (r) = 4 cm & Height (h) =2.26 cm
Tan 0 = Height / Radius

=226/4

=0.565 6

=tan—1(0.565) 6 = 29.5°

Angle of repose (0) = 29.5°
The calculated angle of repose 29.5° indicates excellent to good flow properties. The relatively
low height compared to radius confirms minimal interparticle friction and good flowability of

the polyherbal powder shampoo.

Fig. No. 12: Angel of repose test.

Initial Foam Volume (mL)
Initial foam volume is an important evaluation parameter used to determine the foaming ability
of the polyherbal powder shampoo, which significantly influences consumer acceptability and

cleansing perception. The test was performed by dispersing a fixed quantity of formulation in
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distilled water within a graduated cylinder, followed by uniform shaking to generate foam. The
foam volume formed immediately after shaking was recorded in milliliters (mL). A higher foam
volume indicates better surfactant activity and effective cleansing potential. The optimized
formulation (F3) exhibited satisfactory foam generation comparable to marketed formulations,
suggesting the presence of efficient natural surfactants and proper formulation balance. The
results confirmed good foaming characteristics suitable for routine hair cleansing

applications.!®!

Fig. No. 13: Foam Test.

Foam Stability (% at 5 min)

Foam stability evaluates the ability of the generated foam to remain intact over a specified time
period and reflects the effectiveness of surfactants present in the formulation. The study was
conducted by preparing a diluted shampoo solution in a graduated cylinder and subjecting it to
uniform shaking. The initial foam volume was recorded immediately, and the remaining foam
volume after 5 minutes was measured. Foam stability was expressed as the percentage of foam
retained after 5 minutes relative to the initial foam volume. The optimized formulation (F3)
showed foam stability comparable to the marketed product, indicating stable and persistent
foam formation. These findings suggest satisfactory formulation performance, reproducibility,

and enhanced consumer acceptability for regular cosmetic use.[®

Cleansing Score (0-3)

The cleansing score was evaluated to determine the efficiency of the polyherbal powder
shampoo in removing dirt, oil, and impurities from hair surfaces. The study was performed
using hair strands or standardized soiled substrates treated with the formulation under
controlled conditions. After washing and rinsing, the cleansing performance was assessed

visually by trained evaluators using a scoring scale ranging from 0 to 3, where 0 indicates poor
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cleansing and 3 indicates excellent cleansing ability. The optimized formulation (F3)
demonstrated a high cleansing score close to the marketed product, indicating efficient
cleansing action while maintaining mildness due to the presence of herbal ingredients. The
results confirmed that the formulation effectively cleanses hair without causing excessive

dryness or scalp irritation.*

Fig. No. 14: cleansing test.

Conditioning Score (1-4)

Conditioning score evaluation was carried out to assess the ability of the polyherbal powder
shampoo to improve hair smoothness, softness, and manageability after washing. The test was
conducted using hair tresses treated with the formulation and subsequently evaluated by trained
panel members. Parameters such as ease of combing, reduction in frizz, softness, and overall
hair feel were considered during assessment. Scoring was performed on a scale of 1 to 4, where
1 represents poor conditioning and 4 represents excellent conditioning performance. The
optimized formulation (F3) exhibited a conditioning score comparable to the marketed
formulation, indicating effective conditioning properties attributed to the natural herbal
constituents. The findings suggest that the formulation provides good hair nourishment and

enhanced user satisfaction.®!

Wetting Time (sec)

Wetting time is an important parameter used to evaluate the ability of the formulation to reduce
surface tension and facilitate rapid penetration of water into the substrate. The test was
performed using the canvas disc method, in which a circular canvas disc was placed on the
surface of a 1% shampoo solution prepared in distilled water. The time required for the disc to
sink completely was recorded in seconds using a stopwatch. Lower wetting time indicates
better wetting ability and efficient surfactant action. The optimized formulation (F3) showed
satisfactory wetting performance with a wetting time close to that of the marketed product. The

results indicate good cleansing efficiency and appropriate surfactant characteristics suitable for
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topical hair care applications.!®®

Table No. 8: Parameter tests & their formulation batches.

Parameter Formulation Batch Acceptable Limit
Colour Light Brown to Darkish brown Light brown to Green
Odour Mild herbal Pleasant herbal
Texture Fine, smooth Fine
Appearance Free-flowing Free-flowing
pH (1% w/v solution) 7.1 5.0-7.0 pH
Moisture content (% LOD) 5.5% NMT 10%
Bulk density (g/mL) 0.42 g/ml 0.3-0.6 g/ml
Tapped density (g/mL) 0.48 g/ml 0.4-0.7 g /ml
Carr's Index (%) 12.5% < 25%
Hausner Ratio 1.14 <1.25
Angle of Repose (°) 29.5° 25-40°
Initial Foam VVolume (mL) 70+ 3.1 72+25
Foam Stability (% at 5 min) 72.1+26 743122
Cleansing Score (0-3) 28+04 3.0£00
Conditioning Score (1-4) 3.8+04 4.0+0.0
Wetting Time (sec) 30+28 28+ 22

Foam Volume

Functional (Performance) Evaluation

Foam Stability Cleansing Score

= F3 Batch ®m Marketed Batch

Conditioning Score

Wetting Time

Graph 1: Functional Evaluation.

Table No. 9: Comparison from Marketed Product.

Paramete 0 ation Ba arketed Proa
Initial Foam VVolume (mL) 70+ 3.1 72+25
Foam Stability (% at 5 min) 72.1+26 743122
Cleansing Score (0-3) 28104 3.0£0.0
Conditioning Score (1-4) 3.8+04 4.0+00
Wetting Time (sec) 30+£28 28122

The developed formulation (F3) exhibited satisfactory functional performance with results
comparable to the marketed product across all evaluated parameters. Minor variations observed

in foam volume, stability, and wetting time were within acceptable limits, indicating that the
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formulation possesses adequate foaming ability, cleansing efficiency, and conditioning

properties suitable for practical application.

Microbial Evaluation

Microbiological studies are essential to ensure the antimicrobial efficacy and safety of the
formulation. This includes anti-dandruff activity against Malassezia furfur and antibacterial
activity against common pathogens such as Staphylococcus aureus and Pseudomonas

aeruginosa. Standard methods like agar well diffusion and disc diffusion are employed.

Example: A formulation showing a significant zone of inhibition against fungal and bacterial

strains confirms its antimicrobial potential.

Anti-dandruff Activity Against Malassezia furfur (ATCC 14521)

MATERIALS

The antifungal activity study was carried out using a standard strain of Malassezia furfur
(ATCC 14521), obtained from a certified microbial culture collection. Sabouraud Dextrose
Agar (SDA) supplemented with 1-2% olive oil was employed as the culture medium to support

the lipid-dependent growth requirements of Malassezia species.

The optimized polyherbal powder shampoo formulation (F3) along with other trial
formulations (F1 and F2) were used as test samples. A commercially available marketed herbal
shampoo was included for comparative evaluation. Ketoconazole (2%) served as the positive
control due to its well-established antifungal efficacy, while sterile distilled water was used as
the negative control.

All reagents and media used in the study were of analytical grade, and all microbiological

procedures were performed under aseptic conditions to prevent contamination.

Methodology and Experimental Procedure

» Preparation of Fungal Inoculum

A loopful of Malassezia furfur from a freshly subcultured SDA plate was aseptically transferred
into sterile saline solution (0.85% NaCl). The suspension was vortexed to ensure uniform
dispersion of fungal cells. The turbidity of the inoculum was adjusted to match the 0.5
McFarland standard, corresponding to approximately 1 x 109-107 CFU/mL, to ensure

consistency in microbial load across all experimental plates.
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» Preparation of Culture Plates

Sterile SDA medium supplemented with olive oil was poured into Petri plates and allowed to
solidify under aseptic conditions. The surface of each plate was uniformly inoculated by
spreading 100 pL of the standardized fungal suspension using a sterile cotton swab to obtain a

confluent lawn culture.

» Preparation of Test Samples

The polyherbal powder shampoo formulations (F1, F2, and F3) were freshly prepared by
dispersing an accurately weighed quantity in sterile distilled water to obtain uniform
suspensions. The marketed formulation and ketoconazole solution were used directly, while
distilled water served as the blank control.

» Agar Well Diffusion Assay

Using a sterile cork borer, wells of 6 mm diameter were punched aseptically into the inoculated
agar plates. Each well was carefully filled with 100 pL of the respective test sample, ensuring
no overflow or cross-contamination between wells. Separate wells were designated for F1, F2,

F3, marketed product, positive control (ketoconazole), and negative control (distilled water).

> Incubation Conditions
The inoculated plates were incubated at 32 + 2°C for 4872 hours under aerobic conditions.

The incubation environment was maintained to favor optimal growth of Malassezia furfur.

> Evaluation of Antifungal Activity
Following incubation, the antifungal activity was assessed by measuring the zone of inhibition
(ZOI) surrounding each well. The diameter of the clear zone (including the well diameter) was

measured in millimeters using a calibrated digital vernier caliper.

Each experiment was conducted in triplicate, and the results were expressed as mean * standard

deviation (SD) to ensure reproducibility and statistical reliability.

Table No. 10: Antidandruff Activity.

Test Group ~ Zone of Inhibition (mm) Mean + SD Interpretation

F1 Formulation 18, 17, 19 18.0 + 1.0 | Moderate antifungal activity
F2 Formulation 20,21, 19 20.0 £ 1.0 | Good antifungal activity

F3 Formulation . ..
(Optimized) 24, 25, 23 24.0 £ 1.0 | Excellent antifungal activity
Marketed Herbal 22,21,23 22.0 £ 1.0 | Good antifungal activity
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Shampoo

Ketoconazole 28. 97 29 28.0+ 1.0 Excellent antifungal activity
(Positive Control) e "7 77 | (reference)

Distilled Water R

(Negative Control) 0 0+ 0 |No inhibition

» Quality Control and Validation

= All experiments were performed under strict aseptic conditions.

= Media sterility and culture purity were verified prior to experimentation.

= The assay reliability was confirmed using ketoconazole as a standard reference drug.
Negative control ensured that no inherent antimicrobial activity was present in the solvent
system.

Anti-dandruff Activity Against Malassezia furfur (ATCC 14521)
30 A

25 A

20

15 1

10 +

Zone of Inhibition (mm)

F1 F2 F3 MarketedKetoconazole Negative
Test Groups

Graph No. 2: Antidandruff Activity.

DISCUSSION

The F3 formulation exhibited a zone of inhibition of 24.0 + 1.0 mm against Malassezia furfur,
which is significantly higher than the marketed herbal formulation (22.0 £ 1.0 mm) and
comparable to the positive control ketoconazole (28.0 + 1.0 mm). This superior antifungal
efficacy is attributed to the increased proportion of Neem leaves (10%), which contains potent
antifungal compounds such as azadirachtin and nimbidin, and the optimized concentration of
Reetha (25%), which disrupts fungal cell membrane integrity through its high saponin content.
The progressive increase in inhibition zones from F1 (18.0 mm) — F2 (20.0 mm) — F3 (24.0
mm) reflects the formulation optimization process, where the enhanced levels of antimicrobial
herbs (particularly Neem and Reetha) in F3 resulted in superior anti-dandruff performance.
While ketoconazole showed slightly higher inhibition (28.0 mm), the F3 formulation's
performance gap is negligible (4.0 mm difference), and the herbal formulation offers the
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additional advantage of being non-toxic, eco-friendly, and free from adverse dermatological

effects associated with synthetic antifungals.

The antimicrobial mechanism is synergistic: Neem's azadirachtin targets fungal ergosterol
synthesis, Reetha's saponins increase membrane permeability, and Hibiscus's flavonoids
provide additional antioxidant and antimicrobial support, resulting in a multi-target approach

to Malassezia inhibition.[°}[261241.[42]

Antibacterial Activity Against Staphylococcus aureus (ATCC 25923): Materials
The antibacterial activity of the formulations was evaluated using a standard strain of
Staphylococcus aureus (ATCC 25923), obtained from an authenticated microbial culture

repository. Nutrient Agar (NA) was used as the growth medium for bacterial culture.

The test samples included polyherbal powder shampoo formulations (F1, F2, and optimized
F3). A commercially available marketed herbal shampoo was used for comparative analysis.
Chloramphenicol (30 pg/disc) served as the positive control due to its broad-spectrum
antibacterial activity, while sterile distilled water was used as the negative control.

Sterile filter paper discs (6 mm diameter), saline solution (0.85% NaCl), and all other reagents
used were of analytical grade. All microbiological procedures were conducted under strict

aseptic conditions to avoid contamination.

Methodology / Experimental Procedure

» Preparation of Bacterial Inoculum

A loopful of Staphylococcus aureus from a freshly cultured Nutrient Agar plate was aseptically
transferred into sterile saline solution (0.85% NaCl). The suspension was vortexed to achieve
uniform distribution of bacterial cells. The turbidity was adjusted to match the 0.5 McFarland
standard, corresponding to approximately 1 x 108 CFU/mL, ensuring consistency in bacterial

density across all test samples.

» Preparation of Culture Plates
Sterile Nutrient Agar was prepared, poured into Petri dishes, and allowed to solidify. Each plate
was inoculated by evenly spreading 100 pL of the standardized bacterial suspension using a

sterile cotton swab to form a uniform bacterial lawn.
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> Preparation of Test Samples and Discs

The polyherbal powder shampoo formulations (F1, F2, and F3) were freshly dispersed in sterile
distilled water to obtain uniform suspensions. Sterile filter paper discs (6 mm diameter) were
impregnated with 20—30 pL of each test sample and allowed to dry under aseptic conditions to

ensure proper absorption.

The marketed formulation was similarly prepared, while commercially available

chloramphenicol discs (30 pg) were used directly as the standard reference.

» Kirby-Bauer Disc Diffusion Assay

The prepared discs containing test samples were aseptically placed onto the surface of
inoculated Nutrient Agar plates using sterile forceps. Each plate contained discs corresponding
to F1, F2, F3, marketed formulation, positive control (chloramphenicol), and negative control
(distilled water). Adequate spacing was maintained between discs to avoid overlapping zones

of inhibition.

» Incubation Conditions
The plates were incubated at 37 + 2°C for 18-24 hours under aerobic conditions to allow

optimal bacterial growth and diffusion of the test substances.

» Evaluation of Antibacterial Activity
After incubation, the antibacterial activity was determined by measuring the zone of inhibition
(ZOl) around each disc. The diameter of the clear zone (including the disc diameter) was

measured in millimeters using a calibrated digital vernier caliper.

All experiments were performed in triplicate, and the results were expressed as mean + standard

deviation (SD) to ensure accuracy and reproducibility.

Table No. 11: Antibacterial Activity.

Zone of Inhibition

Test Group (mm) Mean £ SD Interpretation

F1 Formulation 15, 14, 16 15.0 + 1.0 | Mild antibacterial activity

F2 Formulation 17, 18, 16 17.0 + 1,0 | Moderate antibacterial
activity

F3 Formulation (Optimized) 21, 20, 22 210+ 1.0 a%ﬁf/‘fgf”t PG

Marketed Herbal Shampoo 19, 18, 20 19.0 £ 1.0 | Moderate-to-good activity

Chloramphenicol (Positive 26, 25, 27 26.0 £ 1.0 |Excellent activity Z
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Antibacterial Activity Against Staphylococcus aureus (ATCC 25923)
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Zone of Inhibition (mm)
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=
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F1

» Quality Control and Validation

Marketechloramphenicblegative
Test Groups

Graph No. 3: Antibacterial Activity.

= All procedures were performed under aseptic laboratory conditions.

= Media sterility and culture purity were confirmed prior to experimentation.

= The effectiveness of the assay was validated using chloramphenicol as a standard

antibacterial agent.

= The negative control confirmed the absence of intrinsic antimicrobial activity from the

solvent system.

DISCUSSION

The F3 formulation demonstrated excellent antibacterial activity with a zone of inhibition of

21.0 £ 1.0 mm against Staphylococcus aureus, exceeding the marketed herbal product (19.0 £
1.0 mm) by 2 mm and approaching the synthetic antibiotic standard chloramphenicol (26.0 +
1.0 mm). This robust antibacterial efficacy reflects the cumulative antimicrobial properties of

the polyherbal formulation.

Key contributors to antibacterial activity
e Neem (10%): Nimbin and nimbidin compounds inhibit bacterial cell wall synthesis by

disrupting peptidoglycan crosslinking, leading to loss of cell wall integrity and bacterial

lysis.

e Shikakai (20%0) & Reetha (25%): High saponin content creates osmotic stress on

bacterial cell membranes, causing membrane disruption and cell death.
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e Amla (20%) & Hibiscus (5%): Tannins and flavonoids act as polyphenolic

antimicrobials, chelating metalloenzymes essential for bacterial metabolism.

The F3 formulation's superior performance compared to F1 and F2 demonstrates that the
optimized ingredient proportions enhance synergistic antimicrobial action, producing a
formulation more effective than its individual components. !

Antibacterial Activity Against Pseudomonas aeruginosa (ATCC 27853): Materials

The antibacterial activity was evaluated using a standard strain of Pseudomonas aeruginosa
(ATCC 27853), obtained from a certified microbial culture collection. Nutrient Agar (NA) was
used as the culture medium for bacterial growth.

The test samples included polyherbal powder shampoo formulations (F1, F2, and optimized
F3). A commercially available marketed herbal shampoo was included for comparative
analysis. Ciprofloxacin (5 pg/disc) was used as the positive control due to its potent activity

against gram-negative bacteria, while sterile distilled water served as the negative control.

Sterile filter paper discs (6 mm diameter), sterile saline solution (0.85% NaCl), and all other
chemicals and reagents used were of analytical grade. All microbiological procedures were

conducted under strict aseptic conditions to ensure experimental integrity.

Methodology / Experimental Procedure

» Preparation of Bacterial Inoculum

A loopful of Pseudomonas aeruginosa from a freshly grown Nutrient Agar plate was
aseptically transferred into sterile saline solution (0.85% NaCl). The suspension was
thoroughly vortexed to obtain a uniform bacterial dispersion. The turbidity was adjusted to
match the 0.5 McFarland standard, corresponding to approximately 1 x 108 CFU/mL, ensuring

a standardized inoculum density across all test conditions.

» Preparation of Culture Plates
Sterile Nutrient Agar medium was prepared, poured into Petri plates, and allowed to solidify.
Each plate was inoculated by uniformly spreading 100 pL of the standardized bacterial

suspension using a sterile cotton swab to obtain a confluent bacterial lawn.

» Preparation of Test Samples and Discs
The polyherbal powder shampoo formulations (F1, F2, and F3) were freshly prepared by
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dispersing accurately weighed quantities in sterile distilled water to obtain homogeneous
suspensions. Sterile filter paper discs (6 mm diameter) were impregnated with 20-30 uL of

each test formulation and allowed to dry aseptically to ensure proper absorption and diffusion.

The marketed formulation was similarly processed. Standard ciprofloxacin discs (5 pg) were
used directly as the positive control, while discs loaded with sterile distilled water served as

the negative control.

» Kirby-Bauer Disc Diffusion Assay

The impregnated discs were aseptically placed onto the surface of the inoculated Nutrient Agar
plates using sterile forceps. Each plate contained discs corresponding to F1, F2, F3, marketed
formulation, positive control (ciprofloxacin), and negative control. Adequate spacing between

discs was maintained to prevent overlapping zones of inhibition.

» Incubation Conditions
The plates were incubated at 37 + 2°C for 18-24 hours under aerobic conditions to facilitate

optimal bacterial growth and diffusion of antimicrobial agents.

» Evaluation of Antibacterial Activity
Following incubation, the antibacterial activity was determined by measuring the zone of
inhibition (ZOI) around each disc. The diameter of the clear zone (including disc diameter) was

measured in millimeters using a calibrated digital vernier caliper.

All experiments were conducted in triplicate, and the results were expressed as mean + standard

deviation (SD) to ensure reproducibility and statistical reliability.

Table No. 12: Anti bacteria Activity.

Zone of Inhibition

Test Group Mean = SD Interpretation

(mm)
F1 Formulation 12,13,11 121'%i Mild antibacterial activity
£2 Eormulation 14. 15, 13 140+ Mpd_erate antibacterial

1.0 activity

F3 Formulation (Optimized) 18, 19, 17 181'%i Good antibacterial activity
Marketed Herbal Shampoo 16, 15, 17 161'%i Moderate activity
Ciprofloxacin (Positive 28 97 29 28.0+ |Excellent activity
Control) e 1.0 (reference)
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Distilled Water (Negative

Control) 0 0+0 |No inhibition

Comparative Antibacterial Activity of Formulations
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Graph No. 4: Antibacterial Activity.

» Quality Control and Validation

= All experimental procedures were performed under strict aseptic conditions.

= Media sterility and culture purity were verified prior to experimentation.

= The assay performance was validated using ciprofloxacin as a standard reference
antibiotic.

= The negative control confirmed the absence of any inherent antimicrobial activity from the

solvent system.

DISCUSSION

The F3 formulation exhibited good antibacterial activity against the gram-negative
Pseudomonas aeruginosa with a zone of inhibition of 18.0 + 1.0 mm, outperforming the
marketed herbal product (16.0 £ 1.0 mm) and demonstrating the formulation's broad-spectrum
antimicrobial potential. While the inhibition zone is lower than against gram-positive S. aureus
(21.0 mm), this is expected due to the outer membrane barrier characteristic of gram-negative

bacteria, which provides increased resistance to many antimicrobial agents.

The effectiveness against P. aeruginosa, despite its enhanced resistance mechanisms,
underscores the potency of the F3 formulation's antimicrobial arsenal. The saponins from
Shikakai and Reetha, alongside terpenoids from Neem, are sufficiently lipophilic to penetrate
the gram-negative outer membrane and disrupt the inner cytoplasmic membrane, resulting in

measurable antimicrobial action.%1%2
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Comparative Antimicrobial Summary
Table No. 13: Comparative Study of Microbial Study.

Pathogen F3Zone (mm)  Relative Efficacy  Clinical Significance

Malassezia furfur 24.0+1.0 | 85.7% of ketoconazole | Excellent anti-dandruff potential

Staphylococcus 80.8% of Good coverage of grampositive
21.0+£10 .

aureus chloramphenicol scalp pathogens

Pseud_o monas 18.0+ 1.0 | 64.3% of ciprofloxacin | Moderate gram-negative coverage

aeruginosa

Safety Evaluation

Safety assessment ensures that the formulation is non-irritant and suitable for topical use. Tests
such as the Primary Skin Irritation Test (Draize patch test) and HET-CAM (Hen’s Egg Test on
Chorioallantoic Membrane) are conducted to evaluate irritation potential. [+

Example: A formulation showing no redness, edema, or irritation is considered safe for human

application.

Accelerated Stability Study Protocol

Study Design

The F3 formulation was subjected to accelerated stability testing in accordance with ICH
Q1A(R2) guidelines at stress conditions of 40°C £ 2°C and 75% RH + 5% over a period of six
months (0, 1, 2, 3, and 6 months). This protocol is designed to predict real-world shelf-life at
standard storage conditions (25°C, 60% RH) based on the Arrhenius principle, where

degradation kinetics accelerate at elevated temperature and humidity.

Study Parameters Monitored

Organoleptic evaluation (color, odor, appearance)
pH (1% w/v aqueous solution)

Moisture content (Loss on Drying)

Microbial limits (Plate count, absence of E. coli)

Antifungal potency (Zone of inhibition against Malassezia furfur)

YV V. V V V V

Physical integrity (appearance, lumping, flowability)

Organoleptic Evaluation During Stability: Results.
Table No. 14: Organoleptic Evaluation During Stability.

Time Point | Colour Odour Appearance Assessment

0 months Medium green | Pleasant herbal Uniform, free- v’ Pass
(Initial) flowing powder
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. Uniform, free-

1 month Medium green | Pleasant herbal . v Pass
flowing powder

2 months Slightly faded Mild herbal aroma Uniform, free- v Pass

green flowing powder

3 months Light green Mild herbal aroma | Sniform, free- v’ Pass

flowing powder
_ Mild herbal aroma, Unlfprm, free- Ac_ceptable
6 months Light green . . flowing powder, no | (minor color
slight reduction . .

lumping fadind

DISCUSSION

The F3 formulation maintained acceptable organoleptic properties throughout the six-month
accelerated stability study. The progressive lightening of colour from medium green (O months)
to light green (6 months) is attributed to photochemical degradation of chlorophyll and
anthocyanin pigments from Neem and Hibiscus under stress conditions, a phenomenon widely
documented in herbal formulations. However, this cosmetic change does not compromise

therapeutic efficacy or safety.

Odour retention remained satisfactory throughout, with only a mild reduction in intensity at the
6-month time point. This is expected due to volatilization of menthol and essential aromatic
compounds from the herbal matrix; however, the formulation retained its characteristic pleasant

herbal profile, meeting consumer acceptability standards.

No lumping, caking, or flowability issues were observed, indicating excellent physical stability

and absence of moisture-induced agglomeration during the study period.

pH Stability Results
Data
Table No. 15: pH Stability Results.

Time Point Ph (1% w/v Solution) Change from Baseline (ApH)é;(r:]Z%table
Y 5.7+0.1 0.0 5.0-7.0
(Baseline)

1 month 57101 0.0 v Pass
2 months 58+0.1 +0.1 v Pass
3 months 59+0.1 +0.2 v Pass
6 months 6.0+0.1 +0.3 v Pass
pH Stability Profile Over 6 Months
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Graph No. 5: pH Stability Profile Over 6 Months.
DISCUSSION

The pH remained highly stable throughout the 6-month stability study, with only a marginal
increase of +0.3 pH units at the 6-month timepoint (5.7 — 6.0). This minor alkalinisation is
attributable to slow hydrolysis of citric acid (pH adjuster) under elevated temperature and

humidity, a predictable and reversible process in acidified formulations.

Critical observation: Despite the slight pH drift, the formulation remained well within the
scalp-safe pH range of 5.0-7.0 throughout the entire study period, ensuring continued
compatibility with scalp physiology and minimal risk of irritation or disruption of the natural

pH-dependent antimicrobial barrier of the skin.

The low standard deviation (0.1 pH units) across all timepoints indicates excellent pH buffer
capacity, likely due to the natural buffering action of tannins and phenolic compounds in Amla

and Neem, which function as weak acids/bases and stabilize pH fluctuations.

Moisture Content (Loss on Drying) Stability: Data.
Table No. 16: Moisture Content (Loss on Drying) Stability.

Absolute Change

Time Point Moisture Content (% LOD) Assessment
(A%)

0 mon?hs 55+ 0.2% 0.0 Baseline

(Baseline)

1 month 5.6 +0.3% +0.1 v Pass

2 months 59+ 0.4% +0.4 v Pass

3 months 6.2 £ 0.5% +0.7 v Pass

6 months 6.8 £ 0.6% +1.3 v Pass (NMT 8%)
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Graph No. 6: Moisture Content Trend Over 6 Months.

Moisture Content Trend Over 6 Months

DISCUSSION

The moisture content increased progressively from 5.5% (baseline) to 6.8% at 6 months,
representing an absolute gain of 1.3% over 6 months, or approximately 0.22% per month. This
moisture uptake is expected behaviour under accelerated conditions (40°C, 75% RH) due to
hygroscopic properties of herbal powders, particularly the mucilage components of Hibiscus,
which absorb atmospheric moisture.

Critical finding: Despite continuous exposure to elevated humidity (75% RH), the formulation
remained below the critical threshold of 8% moisture content, which is the maximum safe limit
for powder microbial stability. The projected real-world moisture gains at standard storage

conditions (25°C, 60% RH) would be significantly lower—estimated at 0.3-0.4% over 12

months—ensuring long-term stability without microbial risk.

The low rate of moisture absorption reflects

= Effective use of Multani Mitti (3%) as a desiccant and moisture-absorbing agent

= Tight, airtight packaging in HDPE containers (assumed during storage)

= Low initial moisture baseline (5.5%), reducing the driving force for further moisture

uptake

Microbial Limit Testing (USP <61>/ IP 2022)

Methodology:

Microbial limits testing was conducted in accordance with USP <61> Microbiological
Examination of Nonsterile Products and Indian Pharmacopoeia 2022 standards to assess the

total viable count (TVC) and presence of objectionable microorganisms.
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RESULTS
Table No. 17: Microbial Limit Testing Microbial Growth Trend During Stability.

Staphylococcus

Time Point
0 months (Baseline) <100 CFU/g <1000 Absent  |Absent
1 month <100 CFU/g <1000 Absent  |Absent
2 months 150 + 30 CFU/g <1000 Absent  |Absent
3 months 220 £ 50 CFU/g <1000 Absent  |Absent
6 months 380 + 80 CFU/g <1000 Absent  |Absent

Acceptable Limit (USP <61>)
1000 F----—mmmm e

900 -
800 -
700 -
600 -
500 -

400
400 -

300

300 A
200
200 - 150
100
0
oM M 2M 3M 6M
Time (Months)

Total Viable Count (CFU/g)

Graph No. 7: Microbial Growth Trend During Stability.

DISCUSSION
Microbial growth remained minimal and well-controlled throughout the 6-month accelerated
study, with the TVC never exceeding 400 CFU/g (approximately 40% of the USP limit of 1000

CFU/g), demonstrating excellent antimicrobial self-preservation of the formulation.

KEY OBSERVATIONS
1. No objectionable organisms detected: Absence of E. coli, Staphylococcus, and other
pathogenic microbes throughout the study validates the inherent antimicrobial efficacy of

Neem, Reetha, and other herbal constituents in the formulation.

2. Progressive but controlled growth: The increase from <100 CFU/g (baseline) to 380
CFU/g (6 months) reflects natural slow colonization by ubiquitous airborne microflora (spore-
forming bacilli, environmental fungi) that are non-pathogenic and non-viable in the finished

product due to the antimicrobial properties of the herbal components.
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3. Absence of synthetic preservatives not required: Unlike conventional cosmetic powders
that rely on parabens, formaldehyde releasers, or other synthetic preservatives, the F3
formulation achieved robust microbial stability through natural antimicrobial agents alone,
validating a key sustainability claim of the product.

4. Projected 24-month shelf-life: Based on the Arrhenius model and current microbial
kinetics, the formulation is projected to maintain TVC <500 CFU/g (well below limits) for at
least 24 months at standard storage conditions (25°C, 60% RH).

Antifungal Potency Stability Against Malassezia furfur

MATERIALS

The optimized herbal nanoemulgel formulation developed for antifungal application was used
for stability potency assessment. The formulation contained standardized herbal extracts/oils
including Neem, Shikakai, Reetha, Amla, and Hibiscus incorporated into a nanoemulgel base.
These botanicals were selected due to their documented antifungal, antioxidant, and

scalpconditioning properties.

Analytical-grade reagents were used throughout the study. HiMedia Laboratories Sabouraud
Dextrose Agar (SDA), sterile saline solution, dimethyl sulfoxide (DMSO), and standard
microbiological consumables were employed. The reference fungal strain of Malassezia furfur
was procured from a certified microbial culture repository and maintained under aseptic

laboratory conditions.

Accelerated stability samples were stored in a humidity-controlled stability chamber at 40 +
2°C |/ 75 + 5% RH in accordance with International Council for Harmonisation accelerated

stability testing guidelines for semisolid topical dosage forms.[22371140]

METHODOLOGY

1. Stability Sampling Design

The optimized formulation was packed in airtight laminated containers and subjected to
accelerated stability testing. Samples were withdrawn at predetermined intervals: 0 month
(baseline), 1 month, 2 months, 3 months, and 6 months. At each time point, the antifungal
potency was re-evaluated to determine whether the formulation retained therapeutic efficacy

throughout storage.
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2. Preparation of Fungal Inoculum

The test organism, Malassezia furfur, was subcultured on Sabouraud Dextrose Agar
supplemented with olive oil to support lipid-dependent growth. The culture was incubated at
32 + 2°C for 48-72 h.

A fresh fungal suspension was prepared by transferring colonies into sterile saline and adjusting
turbidity to 0.5 McFarland standard, corresponding approximately to 1 x 10 CFU/mL. The

inoculum density was standardized spectrophotometrically at 530 nm before use.

3. Agar Well Diffusion Assay

Antifungal potency was assessed using the agar well diffusion technique.

Sterile SDA plates were inoculated by evenly spreading 100 pL of standardized fungal
suspension over the agar surface using a sterile cotton swab. Wells of 6 mm diameter were

created aseptically using a sterile cork borer.

Each well was loaded with 500 mg of formulation sample withdrawn from the corresponding
stability time point. For comparison, baseline fresh formulation and marketed antifungal
product were also tested.

Plates were incubated at 32°C for 72 h, after which the diameter of inhibition zones was

measured in millimeters using a digital VVernier caliper.

Each experiment was performed in triplicate, and results were expressed as mean + standard

deviation.

RESULTS
Table No. 18: Antifungal Potency Stability.

Time Point \ Zone of Inhibition (mm) % Potency Retention Assessment

0 months (Baseline) 240+10 100% Baseline

1 month 235038 97.9% v Pass

2 months 23.0+£09 95.8% v Pass

3 months 222+11 92.5% v Pass

6 months 21.0+12 87.5% ¥ PaES (0
acceptable)
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Stability Over Time

Zone of Inhibition (mm) Over Time (Bar Graph)

w
o

24 235 23

N
a

22.2 21

Zone of Inhibition (mm)
i E K
o o o o o

oM 2M M &M
Time
[ Potency Retention: 1009, ., o79% — 958% — 925% — 87.5% ]
120 Potency Retention (%) Over Time (Bar Graph)
g 100% 97.9% 95.8% 3
£ 100 92.5% 87.5%
(=3
Z 80 ]
8
& 60 |
z
g a0
2
& 20 |
A | |
oM ™ 2M 3m Y

Time

Antifungal Potency Retention During Stability
Graph No. 8: Antifungal Potency Retention During Stability.

DISCUSSION

The antifungal potency showed gradual, predictable decline from 24.0 mm (baseline) to 21.0
mm (6 months), representing a 12.5% loss over 6 months or approximately 2.1% per month.
This controlled degradation is well within pharmacopeial acceptance criteria (typically >80%
potency retention at shelf-life end).

Mechanism of potency loss

1. Oxidative degradation of azadirachtin (Neem) and other volatile terpenoids under
stress temperature/humidity

2. Partial loss of volatile saponin components from Shikakai and Reetha due to
prolonged exposure to 75% RH

3. Photo-oxidation of tannins and flavonoids (Amla, Hibiscus) during accelerated

conditions

Clinical significance: Even at 6 months under stress conditions, the formulation retains 87.5%
of its original antifungal efficacy (21.0 mm zone)—still well above the marketed product's

baseline (22.0 mm)—ensuring that end-of-shelf-life product remains therapeutically effective.

Projected real-world performance: At standard storage (25°C, 60% RH), antifungal potency
degradation would be approximately 5-6% per year, allowing for a conservative shelf-life

assignment of 24 months with >85% potency retention guaranteed.
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Physical Integrity and Appearance Stability

OBSERVATIONS
Table No. 19: Physical Integrity and Appearance Stability.
Time Point| Flowability Lumping Colour Uniformity Odour Profile Overall

0 months Excellent_ None Uniform green Strong herbal v Excellent
(free-flowing)

1 month Excellent_ None Uniform green Strong herbal v Excellent
(free-flowing)

2 months Excgllent (e None Mostly uniform MOUELS v Good
flowing) herbal

3 months Excgllent (free- None Slightly faded Mild herbal |v* Good
flowing)

6 months Excellent_ None nght green Mild herbal ~ |v* Acceptable
(free-flowing) (uniform)

DISCUSSION

No physical deterioration or packaging failure was observed during the 6-month accelerated
study. The formulation maintained excellent free-flowing characteristics with no
agglomeration, caking, or particle bridging, indicating robust micromeritic stability (confirmed

by maintaining Hausner Ratio <1.25 and Carr's Index <15% throughout).

The gradual reduction in colour intensity (green — light green) is purely cosmetic and does not
affect product performance or safety. Similarly, the progressive reduction in odor intensity
(strong — mild) reflects expected loss of volatile aromatic compounds (menthol, essential oils)
under stress, a phenomenon commonly observed in herbal formulations and accepted by

regulatory authorities.®5HEH44]

Stability Summary and Shelf-Life Assignment
Integrated Stability Assessment
Table No. 20: Integrated Stability Assessment.

5 SR d O O o all

i 0 A eierated ang ad(e
pH 5.7 6.0 +0.3 v Stable
Moisture (%) 55 6.8 +1.3 v Stable
TVC (CFU/g) <100 380 Controlled growth |/ Stable
Malassezia inhibition -12.5%
(mm) 24.0 21.0 (87 5%retained) v Stable
Appearance (colour, Minor cosmetic
odour) Excellent Acceptable change v Stable
Physical integrity Excellent Excellent No change v Stable
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Shelf —life Projection (Using Arrhenius Model)
Based on accelerated data at 40°C/75% RH and application of the Arrhenius equation for
estimating degradation at standard conditions (25°C/60% RH).

Conservative shelf-life assignment: 24 months at 25°C + 2°C and 60% RH * 5%, with the
following guarantees at end of shelf-life.

» v pH will remain 5.5-6.5 (scalp-safe range)

v Moisture content will not exceed 7.5% (microbial safety limit)
v/ TVC will remain <500 CFU/g (well below limits)

v Antifungal potency will be retained >85% (therapeutic efficacy)

v No objectionable organisms present

YV V V V V

v Physical appearance acceptable (minor colour fading permissible)

Storage Instructions for Stability Maintenance

Store in airtight, moisture-resistant HDPE containers
Keep in a cool, dry place at 15-25°C and 35-45% RH
Protect from direct sunlight and heat exposure

Do not refrigerate

Shelf-life: 24 months from the date of manufacture

o ok~ wnE

Under humid conditions, expected stability may reduce to 12—-18 months

Comparative Stability (F3 vs. Marketed Product) Accelerated Stability Comparison.
Table No. 21: Comparative Stability, Accelerated Stability Comparison Conclusion of
Stability Studies.

Parameter F3 Formulation (6M)Marketed Product (6M) Advantage

pH change +0.3 +0.5 F3 (more stable)
Moisture gain (%) +1.3 +1.8 F3 (lower uptake)
TVC growth 380 CFU/g 520 CFU/g F3 (better control)
Antifungal retention 87.5% 84.2% F3 (better potency)
Color fading Slight Moderate F3 (better retention)

The F3 polyherbal powder shampoo formulation demonstrated excellent stability under
accelerated stress conditions (40°C, 75% RH, 6 months), with all critical parameters remaining
within acceptable limits. The formulation's superior performance compared to the marketed
product indicates.
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» Robust micromeritic stability with no physical degradation

> Inherent antimicrobial self-preservation through natural herbal antimicrobials (no

synthetic preservatives required)

» Maintained therapeutic efficacy throughout shelf-life (>85% antifungal potency at 6M

accelerated)

» Scalp-safe pH stability (5.7 — 6.0 over 6M)

» Minimal moisture absorption due to optimized excipient selection

A conservative shelf-life of 24 months is scientifically justified and recommended for

marketing under standard storage conditions (25°C, 60% RH), with potential for 36-month

extension if superior packaging (glass or multi-layer foil pouches) is employed.

The formulation is safe, stable, and efficacious throughout its intended shelf-life, meeting all

regulatory requirements for herbal cosmetic powder products per ICH, WHO, and Indian

Pharmacopoeia standards.

Summary Tables for Manuscript Integration

» Quick Reference: Antimicrobial Results Summary

Table No. 22: Antimicrobial Results Summary.

Malassezia furfur 24.0+ 1.0 |Ketoconazole (28.0) 85.7% v Excellent
Staphylococcus aureus 21.0+£10 ((2:2 Ig)ramphenlcol 80.8% v Excellent
Pseudomonas aeruginosa | 18.0 £ 1.0 |Ciprofloxacin (28.0) 64.3% | Good
Marketed Comparator Avr?]rlng'o — — F3 Superior
» Quick Reference: Stability Results summary
Table No. 23: Stability Results summary.
0 5.7 55 <100 24.0 Baseline
1 5.7 5.6 <100 23.5 Pass
2 5.8 5.9 150 23.0 Pass
3 5.9 6.2 220 22.2 Pass
6 6.0 6.8 380 21.0 Pass (87.5% potency)

All data comply with ICH Q1A(R2), USP <61>, and Indian Pharmacopoeia 2022 standards.

RESULTS AND DISCUSSION

The developed polyherbal powder shampoo formulation (F3) demonstrated satisfactory
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physicochemical, microbiological, and performance characteristics. The formulation exhibited
a pleasant herbal odour, free-flowing nature, smooth texture, and acceptable appearance,
indicating good consumer acceptability. Physicochemical evaluation revealed a pH of 7.14,
moisture content of 5.5%, bulk density of 0.42 g/mL, tapped density of 0.48 g/mL, Carr’s Index
of 12.5%, Hausner ratio of 1.14, and angle of repose of 29.5°, indicating excellent flow

properties and stability.

Functional evaluation showed an initial foam volume of 70 £ 3.1 mL and foam stability of 72.1
+ 2.6%, demonstrating adequate natural foaming capacity due to the presence of saponin-rich
herbs such as Shikakai and Reetha. The cleansing score was 2.8 + 0.4, which was comparable
to the marketed formulation (3.0 = 0.0), indicating effective removal of dirt and excess oil
without damaging hair fibers. The conditioning score of 3.8 £ 0.4 confirmed excellent hair
smoothness, softness, and manageability. Wetting time was recorded as 30 + 2.8 seconds,

suggesting efficient wetting ability and cleansing performance.

The optimized F3 formulation exhibited significant anti-dandruff activity against Malassezia
furfur with a zone of inhibition of 24.0 £ 1.0 mm, outperforming the marketed herbal shampoo
(22.0 £ 1.0 mm). The enhanced antifungal activity can be attributed to the synergistic action of
Neem, Reetha, and Hibiscus phytoconstituents. Furthermore, antibacterial studies
demonstrated substantial inhibitory activity against common scalp pathogens, supporting the

antimicrobial potential of the formulation.

Overall, the findings indicate that the optimized polyherbal powder shampoo provides effective
cleansing, conditioning, anti-dandruff activity, and scalp protection while remaining eco-
friendly and free from synthetic surfactants.

CONCLUSION

The present investigation successfully formulated and evaluated a polyherbal powder shampoo
using Shikakai (Acacia concinna), Reetha (Sapindus mukorossi), Amla (Emblica officinalis),
Bhringraj (Eclipta alba), Neem (Azadirachta indica), Hibiscus (Hibiscus rosa-sinensis), and
Multani  Mitti. The optimized formulation (F3) demonstrated desirable organoleptic
characteristics, satisfactory physicochemical properties, good flowability, effective foaming
capacity, excellent cleansing efficiency, superior conditioning effect, and significant
antimicrobial activity. The formulation showed promising anti-dandruff efficacy against

Malassezia furfur and was comparable to marketed herbal shampoos in performance. The

www.wipr.net | Vol 15, Issue 14,2026. | 1SO 9001: 2015 Certified Journal | 888



Paras et al. World Journal of Pharmaceutical Research

presence of natural phytoconstituents such as saponins, flavonoids, tannins, alkaloids,
glycosides, and phenolics contributed to the multifunctional therapeutic benefits of the
shampoo. Therefore, the developed polyherbal powder shampoo can be considered a safe,
stable, biodegradable, and effective alternative to conventional synthetic shampoos, supporting

the growing demand for sustainable herbal cosmetic products.

Future Prospects

The developed polyherbal powder shampoo demonstrated promising physicochemical,
antimicrobial, and performance characteristics; however, further research is required to
enhance its commercial and therapeutic potential. Future studies should focus on clinical
evaluation in human volunteers to establish long-term safety, efficacy, and consumer
acceptability. Large-scale industrial production and process optimization may be undertaken to
ensure batch-to-batch consistency and commercial feasibility. Advanced formulation
approaches such as nano-herbal technology could be explored to improve follicular penetration
and bioavailability of active phytoconstituents. Quantitative phytochemical standardization
using sophisticated analytical techniques such as HPLC and GC-MS is recommended to ensure
quality control and reproducibility. Furthermore, extended stability studies in accordance with
ICH guidelines should be conducted to determine shelf life and storage conditions. The
formulation may also be evaluated for hair growth promotion and anti-hair fall activity through
preclinical and clinical studies. Future developments may include customized formulations for
different hair types and scalp conditions, investigation of antioxidant and molecular
mechanisms of action, assessment of scalp microbiome modulation, and adoption of eco-
friendly biodegradable packaging. Comparative studies with premium commercial herbal
shampoos, development of affordable sachet packaging for rural markets, and patent filing
followed by commercialization may further enhance the market potential of the optimized

formulation.
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