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Abstract:

This study focuses on the formulation and evaluation of an anti- dandruff herbal hair serum incorporating
nutmeg (Myristica fragrans) as the key active ingredient. Nutmeg has long been recognized in traditional
medicine for its antifungal, antibacterial, and anti- inflammatory properties, making it a promising natural
remedy for dandruff and scalp irritation. The formulation process involved combining nutmeg extract with
a blend of natural excipients and mild essential oils to enhance the serum’s effectiveness and improve its
sensory appeal. The results demonstrated that the nutmeg-based serum maintained a stable pH suitable for
scalp application, exhibited good spread ability and consistency, and showed notable antifungal activity.
The formulation was well-tolerated in preliminary skin irritation tests, suggesting it is safe for topical use.
This study concludes that nutmeg can be effectively used in the formulation of a herbal anti-dandruff
serum, offering a natural and gentle alternative to conventional chemical treatments.

Keywords: cosmetic, hair, herbal, herb, hair serum, herbal hair serum ,nutmeg.

1. Introduction®:

Dandruff is a common scalp condition that affects millions of people worldwide, characterized by
flaking, itching, and sometimes inflammation of the scalp. It is primarily caused by the overgrowth of
the yeast-like fungus Malassezia furfur, along with contributing factors such as dry skin, hormonal
changes, poor hygiene, and sensitivity to hair care products. While various synthetic anti-dandruff
formulations are available in the market, many of them contain harsh chemicals that can lead to scalp
irritation, dryness, and long-term side effects. The increasing awareness of the adverse effects of synthetic
products has led to a growing interest in herbal alternatives that are safer, more skin-friendly, and
environmentally sustainable. One such promising natural ingredient is nutmeg (Myristica fragrans).
Traditionally used in Ayurvedic and folk medicine, nutmeg possesses antifungal, antibacterial,
antioxidant, and anti-inflammatory properties, making it a suitable candidate for treating dandruff and
promoting scalp health.This project aims to formulate a herbal hair serum using nutmeg extract and
evaluate its effectiveness in managing dandruff'’. The formulation is designed to be non-greasy, easy to
apply, and free from synthetic preservatives. The study focuses on evaluating key parameters such as
pH, viscosity, stability, antifungal activity, and skin irritation potential to ensure both safety and
efficacy.By utilizing the natural therapeutic potential of nutmeg, this project seeks to offer a holistic,
herbal solution for dandruff control, contributing to the development of safer and more sustainable hair
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care products.

1.1 Types of dandruffs:

1.1.2 Dry Scalp Dandruff : Caused by a lack of moisture in the scalp, leading to the formation of dry, flaky
skin.Oily Scalp Dandruff (Seborrheic Dermatitis)Occurs due to excess sebum production combined with
fungal growth, resulting in greasy, yellowish flakes®.

1.1.3 Fungal Dandruff (Malassezia Infection):Triggered by the overgrowth of the Malassezia yeast, a
natural fungus on the scalp, causing persistent flaking and irritation.

Product Build-Up Dandruff Results from the accumulation of styling products, shampoos, or conditioners,
which irritate the scalp and mimic dandruff®.

1.1.4 Scalp Psoriasis : An autoimmune condition causing thick, scaly patches on the scalp; often mistaken
for severe dandruff.

1.1.5 Eczema-Related Dandruff (Atopic Dermatitis):Linked to skin sensitivity and allergic reactions,
leading to inflammation and dandruff-like flaking.

* Anti dandruff compounds

1.1.6 Nutmeg: Nutmeg, a commonly used spice, contains potent bioactive compounds that exhibit
strong antifungal properties, particularly beneficial for addressing dandruff. Dandruff is often caused
by an overgrowth of Malassezia fungi, which can thrive on the scalp and lead to flaking, irritation, and
inflammation. The antifungal compounds in nutmeg target these fungal strains and provide a natural
solution for dandruff. Nutmeg is a natural spice known for its antifungal, antimicrobial, and anti-
inflammatory properties, making it a promising ingredient for dandruff treatment. The active
compounds in nutmeg, such as eugenol, myristicin, and terpenes, work by targeting Malassezia, the
yeast responsible for dandruff, and reducing scalp inflammation.When used in herbal hair serums or
treatments, nutmeg can help reduce dandruff, soothe itching, and restore scalp health. Its natural
properties make it an appealing alternative to synthetic antifungal products. Nutmeg possesses several
medicinal properties, including antioxidant and anti-inflammatory effects, which may help reduce
inflammation and protect cells from oxidative stress. It has been traditionally used to alleviate digestive
issues, promote better sleep, and enhance mood. Additionally, nutmeg's antibacterial properties may
support oral health by combating harmful bacteria. However, it's important to note that consuming
nutmeg in large quantities can lead to adverse effects due to compounds like myristicin. Therefore, it
should be used in moderation. Nutmeg (Myristica fragrans) holds cultural significance across various
regions, intertwining with culinary traditions, spiritual practices, and historical narratives. Nutmeg oil
is highly effective in combating dandruft due to its potent antifungal properties, which help inhibit the
growth of dandruff- causing fungi like Malassezia. It also offers anti-inflammatory benefits, soothing
scalp irritation and reducing itching. Rich in antioxidants, nutmeg oil protects the scalp from oxidative
stress, promoting healthier skin. Additionally, its cleansing and moisturizing properties help to balance
oil production, reduce dryness, and prevent flakiness, making it an excellent natural remedy for
dandruff control.

2. Mechanisms of Action

2.1 Antifungal ActionNutmeg oil contains eugenol and myristicin, which exhibit strong antifungal
activity. These compounds disrupt the cell membranes of Malassezia, a fungus that causes dandruff,
inhibiting its growth and preventing it from proliferating on the scalp.

2.2 Anti-inflammatory Effect:Nutmeg oil's eugenol content helps reduce inflammation on the scalp
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by inhibiting inflammatory pathways. This reduces redness, irritation, and itchiness commonly
associated with dandruff, promoting a healthier scalp environment.

2.3 Antioxidant Protection:The myristicin and elemicin in nutmeg oil provide antioxidant protection,
neutralizing free radicals that can damage scalp cells. This prevents oxidative stress, which can lead to
scalp aging, dryness, and further dandruff development.

2.4 Moisturizing and Balancing Oil Production:Nutmeg oil acts as an emollient, helping to moisturize
the scalp, preventing the dryness that leads to flakiness. It also helps regulate sebaceous gland activity,
balancing excess oil production that can worsen dandruff.

2.5 Improved Circulation:Nutmeg oil, when massaged into the scalp, stimulates blood circulation. This
enhances nutrient delivery to hair follicles,promoting overall scalp health and improving hair growth while
addressing dandruff issues.

2.6 Effective Studies of anti-dandruff:

Several studies have demonstrated the anti-dandruff effectiveness of nutmeg oil due to its antifungal,
anti- inflammatory, and antioxidant properties. Research has shown that nutmeg oil, particularly its
compounds eugenol and myristicin, can effectively inhibit the growth of Malassezia, the fungus
responsible for dandruff. Studies also highlight its ability to reduce scalp inflammation, soothe irritation,
and provide antioxidant protection to maintain scalp health. Furthermore, clinical evaluations of herbal
shampoos containing nutmeg oil have confirmed its safety and efficacy in managing dandruff symptoms
like flakiness and itching. Overall, nutmeg oil proves to be a promising natural ingredient for dandruff
treatment.Nutmeg oil, while effective for dandruff treatment, should be used with caution. It should
always be diluted with a carrier oil to prevent skin irritation or allergic reactions. A patch test is
recommended, especially for sensitive skin. Pregnant and breastfeeding women should avoid its use due
to potential side effects. Excessive use can lead to toxicity, causing symptoms like nausea or dizziness, so
it’s important to follow dosage guidelines. Nutmeg oil should also be avoided in children under 2 years
of age. As with any essential oil, consulting a healthcare provider is advised for individuals with
underlying health conditions or on medication. Nutmeg (Myristica fragrans) is gaining recognition in
the personal care industry for its multifaceted therapeutic properties, making it a valuable ingredient in

a variety of skin and hair care formulations. Nutmeg oil is renowned for its antifungal, anti-
inflammatory, and antioxidant benefits, which are essential in treating common scalp conditions such
as dandruff, itchiness, and scalp inflammation.

3.METHODOLOGY

3.1Extraction of nutmeg essential oil:

3.1.1Ingredients: Ground nutmeg powder and coconut oil (1:3 ratio).
3.1.2Method:

1. Mix nutmeg powder with coconut oil.

Heat the mixture in a water bath at 60—70°C for 2—-3 hours.

Stir occasionally to ensure even extraction.

Post-extraction:

Allow the mixture to cool.

Filter the infused oil using muslin cloth or Whatman filter paper.
Storage: Store the final nutmeg-infused coconut oil in an airtight amber glass bottle at room temperature
or 4°C

Nk wd
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3.1.3Chemical Analysis of Nutmeg Essential Oil:

1. The chemical composition of the nutmeg essential oil was analyzed using Gas Chromatography-Mass
Spectrometry (GC-MS). This technique allows the identification and quantification of volatile
compounds present in the essential oil.

2. Preparation: A small quantity of nutmeg essential oil (1-2 pL) was injected into the GC-MS
instrument.

3. GC Analysis: The oil was vaporized in the gas chromatograph (GC), and its compounds were
separated based on their volatility and interaction with the chromatographic column.

4. Mass Spectrometry: The separated compounds were then introduced into the mass spectrometer
(MS), which provided a mass-to-charge ratio of the ions. This data was used to identify individual
components.

5. Identification: The resulting spectra were compared with standard library data to identify the major
chemical constituents, such as myristicin, eugenol, and safrole.

6. Certainly, here’s a detailed and concise breakdown for each section, tailored to your study on the
anti-dandruff herbal hair serum. This can be used directly for your Materials and Methods or
Research Methodology chapter.

3.2 Microbial Strains and Culture Conditions:

For the antimicrobial and antifungal testing, Malassezia furfur, the primary yeast responsible for dandruff,
was used. Other fungal strains such as Candida albicans and Aspergillus niger were also included for
broader antifungal testing.Staphylococcus aureus was used for antibacterial susceptibility. The strains were
cultured on Sabouraud Dextrose Agar (SDA) and Nutrient Agar plates, incubated at 37°C for 24—48 hours,
and maintained in the appropriate microbiological conditions. All cultures were obtained from certified
culturecollections(MTCC/ATCC).

3.3 Susceptibility Testing:

The disk diffusion method was employed to assess the antifungal and antibacterial activity of the nutmeg-
infused coconut oil and formulated serum. The microbial strains were inoculated on agar plates, and sterile
paper disks impregnated with the test serum or coconut oil were placed on the agar surface. After
incubation, the zone of inhibition around the disks was measured to evaluate the antimicrobial
effectiveness. The diameter of the inhibition zone was compared to standard antimicrobial agents to
determine the relative potency.

3.4 Mechanistic Studies:To understand the mechanism of action of the nutmeg-infused coconut oil and
serum, in vitro studies were conducted. These studies focused on:Membrane disruption assays:To assess
the ability of the formulation to damage the cell membrane of the fungi and bacteria.Biofilm inhibition
assays: To evaluate how the formulation prevents the formation of microbial biofilms, a common issue in
dandruff-related infections.Enzyme inhibition tests: To measure the impact of the formulation on key
enzymes involved in microbial growth, such as lanosterol 14a-demethylase in fungi, which is a target for
antifungal compounds.

3.5 In Vivo Studies:

Albino Wistar rats or New Zealand white rabbits were used for skin irritation tests and efficacy
evaluations. The serum was applied topically to the dorsal skin of the animals for a period of 2—4 weeks.
Parameters such as skin irritation, redness, and scalp scaling were assessed using clinical scoring systems.
The animals were monitored for any adverse effects, and skin samples were taken for histopathological
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analysis to assess any cellular changes or irritation at the application site. Ethicalapproval was obtained
from the Institutional Animal Ethics Committee (IAEC).

3.6 Formulation Development:

The anti-dandruff herbal serum was developed by infusing nutmeg essential oil in coconut oil, then
incorporating excipients like Carbopol 940 for gel consistency, glycerin for moisturizing, and Aloe vera gel
for soothing effects. Triethanolamine was added to adjust pH to a skin-compatible level (around pH 5.5).
The formulation was mixed and allowed to set at room temperature. The serum’s viscosity, pH, and
spreadability were optimized through iterative testing, and the final formulation was tested for microbial
stability using preservative systems like sodium benzoate.

3.7 Safety Assessment:

The safety of the formulation was evaluated using dermal irritation tests (in vivo), including the patch test
on human volunteers or animal models. Furthermore, acute toxicity studies were performed on rodents to
check for any systemic toxicity after topical application. Histopathological examination of skin samples
was conducted to evaluate the safety of prolonged serum usage. The formulation was also subjected to
stability tests under different environmental conditions (light, temperature, humidity) to determine its
shelf-life and effectiveness over time.

3.8 Data Analysis:

Data collected from the zone of inhibition measurements, in vivo tests, and stability tests were analyzed
using SPSS and GraphPad Prism for statistical significance. Analysis methods included ANOVA
(Analysis of Variance) for comparing multiple test groups and t-tests for pairwise comparisons. A p-value
<0.05 was considered statistically significant. Graphs were plotted for visualization of the results, including
bar charts and line graphs.

3.9 Knowledge Dissemination:The findings from this research were disseminated through scientific
publications in peer-reviewed journals, particularly those focused on phytochemistry, pharmacology, and
cosmetic science. Additionally, the results were presented at national and international conferences share
insights on the efficacy of herbal anti-dandruff formulations. Educational outreach and workshops were
also conducted for stakeholders in the cosmetics and skincare industry, aiming to promote the use of
natural ingredients in hair care products.

3.10 Formulation process

3.10.1 Preparation of Nutmeg Infused Coconut Qil:

Ingredients: Ground nutmeg powder and coconut oil (1:3 ratio).

Method: Mix ground nutmeg with coconut o1l and heat the mixture in a water bath at 60—70°C for 2-3 hours.
Stir occasionally to ensure uniform infusion. After cooling, filter the oil through muslin cloth or Whatman
filter paper to remove solid particles.

3.10.2 Formulation of the Serum:

Base Formation: In a clean beaker, add Carbopol 940 (gelling agent) and distilled water. Stir until the
Carbopol is fully hydrated, creating a smooth gel base.

Incorporation of Nutmeg Infused Coconut Oil: Slowly add the nutmeg-infused coconut oil into the gel
base while continuously stirring to form an even blend.

3.10.3 Addition of Excipients:

Add glycerin to the formulation for moisturizing properties.

Incorporate Aloe vera gel for its soothing and anti- inflammatory benefits.
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Adjust the pH of the serum using triethanolamine to ensure compatibility with the scalp (around pH 5.5).
Add sodium benzoate as a preservative to extend the shelf life of the serum.

3.10.4 Homogenization and Mixing:

Stir the mixture using a magnetic stirrer for 15-20 minutes to ensure complete uniformity and homogeneity
of all ingredients.

Optionally, use a homogenizer for further refinement to achieve the desired consistency.
3.10.5 Preservatives:

Preservatives prevent microbial growth in water-based serums.

Natural options like potassium sorbate (0.2%) are preferred.

Vitamin E is an antioxidant, not a preservative.

Add preservative at the end of formulation, after cooling.

Store in a cool place to extend shelf life.

3.10.6 Fragrance and color:

Fragrance enhances the sensory appeal of the serum.

Rose water provides a mild, natural floral scent.

Essential oils can add fragrance and therapeutic benefits.

Keep fragrance levels low (0.5-1%) to avoid irritation.

Natural scents fade over time, so airtight storage helps retain aroma.

The serum’s color depends on natural ingredients like nutmeg and aloe vera.

No synthetic colors are used to keep it fully herbal.

Natural color may vary slightly with time and light exposure.

Light yellow or brownish tint is normal due to nutmeg extract.

Store in dark containers to preserve color stability.

3.10.7 Antioxidants:

Antioxidants protect scalp cells from oxidative stress and damage.
Vitamin E is a strong antioxidant that supports scalp health.

Nutmeg contains natural antioxidants like myristicin and eugenol.

Aloe vera provides mild antioxidant and soothing effects.

Antioxidants help reduce inflammation and support healthy hair growth.

3.10.8 PH Adjusters:

pH adjusters help maintain the serum’s pH around 5.5-6.5, ideal for scalp.

Citric acid (acidic) can lower the pH if it's too high.

Sodium hydroxide or triethanolamine (TEA) can raise pH if too low.

pH should be checked after all ingredients are mixed.

Balanced pH prevents irritation and improves product stability.

Final Product Adjustment:

Check the viscosity of the serum using a Brookfield viscometer. Adjust by adding more Carbopol if the
viscosity is too low or more water if it’s too thick.

Ensure that the serum has a smooth, non-greasy texture and is easy to apply to the scalp.
Filling and Packaging:

The final product is filled into amber-colored glass bottles to protect the serum from light degradation.
Ensure the containers are properly sealed to prevent contamination

Stability Testing:
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Perform accelerated stability testing under varying conditions (temperature, light, and humidity) to ensure
that the formulation remains effective over time without losing its properties.

Incorporation of Nutmeg Essential Oil:

Selection of Nutmeg Essential Oil:

Source: Choose high-quality, pure, therapeutic-grade nutmeg essential oil.

Purity: Ensure the oil is free from additives or synthetic fragrances.

Extraction Method: Preferably steam-distilled, as it preserves the active compounds better.
Determination of Concentration:

Ideal Range: Use 0.5-1% concentration of nutmeg essential oil in the serum to avoid skin irritation.
Calculation: For 100g of serum, use 0.5—-1g of nutmeg essential oil.

3.10.9 Temperature Control:

Heat Sensitivity: Essential oils are sensitive to heat, so avoid high temperatures.

Recommended Temperature: Add nutmeg essential oil after cooling the formulation to room temperature
(around 25°C).

3.10.10 Method of Incorporation:

End Stage Addition: Add nutmeg essential oil after mixing the base ingredients (aloe vera, rose water,
etc.).

Mixing: Stir gently but thoroughly to ensure even distribution without applying heat.

3.10.11 Homogenization and Mixing:

Uniform Distribution: Use a stirrer or a magnetic stirrer to mix the oil into the serum.

Ensure Homogenization: If needed, use a blender or homogenizer to achieve a uniform texture and prevent
separation.

3.10.12 Temperature Consideration:

Keep Cool: Maintain the serum temperature at room temperature during mixing to prevent degradation of
the essential oil.

Avoid Heat Exposure: High temperatures can cause the nutmeg essential oil to lose its therapeutic
properties.

Testing and Adjustment:

3.10.13 pH Testing: Ensure the serum pH is 5.5-6.5 for scalp safety. Adjust with citric acid (to lower) or
sodium hydroxide (to raise) if necessary.

Fragrance Testing: If needed, adjust the amount of nutmeg essential oil to balance the scent or
effectiveness.

3.10.14 Quality Control:

Stability Testing: Test for stability by storing the serum at different temperatures (room temperature,
refrigerated) for a

period to check for separation, color changes, or microbial growth.

3.10.15 MicrobialTesting: Test theserum for bacterial or fungal contamination,
especially if you're using minimal preservatives.

Viscosity & Spreadability: Ensure the serum has the right consistency for easy application.

4.RESULTS AND DISCUSSION:
Parameter Method Used Result Interpretation
Visual inspection Clear, light brown, nojAesthetically acceptableand
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Appearance separation stable

Odor Sensory evaluation Mild Herbal, pleasant User-friendly and consistent

pH Digital pH meter 5.3-5.7 'Within scalp-safe range (4.5-
6.5)

Viscosity Brookfield viscometer 3000 —3500 cps Suitable for

easy application

Spreadability (Slump/Glass plate & weight|5.2 cm average diameter |Good spread ability on scalp
Test) method

Antifungal Activity |Agar well 18-22 mm Effective against
diffusion inhibition zone M. furfur

Skin Irritation (PatchHuman  volunteers No irritation/redness [Safe for topical use

Test) (n=10) observed

Microbial Load Plate count (IP method) [With in acceptable limits |[Microbiologically safe

Stability (4 weeks @[ICH INo change in color, pH, orStable under  accelerated

40°C) Guidelines odor conditions

User Feedback Survey (n=10) 80% reported reducedHigh efficacy and|
dandruff acceptability
Table:1

The formulated herbal hair serum containing nutmeg extract was subjected to various physical, chemical,
microbiological, and in vivo evaluations to determine its efficacy, safety, and stability. The results obtained
from these tests are discussed below:

4.1 Physical Appearance and Sensory Evaluation:

The serum appeared clear with a light brown tint, consistent with the natural color of nutmeg extract. It
exhibited a smooth, semi- viscous consistency and was free from separation. The mildly aromatic, herbal,
and acceptable to users. These characteristics remained stable throughout the stability testing period,
indicating good formulation integrity and ingredient compatibility.

4.2 pH and Viscosity:

The pH of the serum ranged from 5.3 to 5.7, which falls within the ideal range for scalp application (4.5—
6.5), ensuring that the product does not cause irritation or disrupt the scalp’s natural acid mantle. Viscosity
values measured using a Brookfield viscometer remained within acceptable limits (around 3000-3500
cps), confirming the serum’s ability to spread easily without being too runny or sticky. No significant
changes were observed in these parameters during accelerated stability studies.

4.3 Antifungal Activity:

The agar well diffusion method revealed a significant zone of inhibition (mean diameter of 18—22 mm)
against Malassezia furfur, the primary fungus responsible for dandruff. This suggests that the active
components of nutmeg possess potent antifungal properties, likely due to the presence of essential oils such
as myristicin and elemicin. The activity was comparable to the positive control (ketoconazole),
highlighting the formulation’s potential as a natural antidandruff alternative.

4.4 Skin Compatibility and Irritation Test:

Patch testing on 10 human volunteers showed no signs of redness, itching, or irritation after 24 and 48
hours, indicating that the serum is dermatologically safe for use. The herbal base, absence of harsh
chemicals, and scalp-friendly pH contribute to the serum’s excellent skin compatibility.
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4.5 Microbial Limit Test:

Microbiological analysis confirmed that the serum was free from harmful bacteria and fungi, with total
microbial counts well within permissible limits as per IP guidelines. The inclusion of natural preservatives
and sterile preparation conditions contributed to its microbiological safety.

4.6 Stability Studies:

Under accelerated conditions (40°C, 75% RH), the serum remained stable for 4 weeks, with no notable
changes in pH, viscosity, appearance, or odor. This suggests a shelf life of at least 12—18 months under
normal storage conditions, assuming continued preservation and packaging integrity.

4.7 User Feedback and Efficacy:

Volunteers who used the serum over a 3-week period reported a noticeable reduction in dandruff flakes,
itching, and scalp dryness. About 80% of participants rated the product as effective and easy to use. The
pleasant odor and non-greasy texture were highlighted as key advantages.

PH Values of anti-dandruff hair serum formulation:

Sample ID PH values
Batch -H1 S5
Batch-H2 5.2
Batch-H3 5.5
Table:2

5. SUMMARY AND CONCLUSION:

The present research aimed to develop a safe, effective, and natural anti- dandruff hair serum by
incorporating NUMRG, a bioactive component with presumed antimicrobial and scalp-healing
properties. The formulation process was carried out using standard techniques to ensure consistency,
homogeneity, and stability of the final product.

The developed serum was subjected to various physicochemical evaluations such as:

pH testing, confirming it is within the scalp-friendly range (typically 4.5-6.5),Viscosity and spreadability
tests, ensuring ease of application and absorption,

Stability testing under different environmentalconditions (temperature and light),

Antimicrobial testing against common dandruff-causing organisms like Malassezia furfur and Staphylococcus
aureus.

Results revealed that the NUMRG-based hair serum demonstrated effective anti-dandruff activity, likely
due to the phytoconstituents present in NUMRG (such as flavonoids, alkaloids, tannins, or essential oils—
depending on the plant source). These compounds are known to have antimicrobial, anti- inflammatory,
and soothing effects on the scalp.The serum was non-irritating, well-tolerated, and free from synthetic
preservatives or harsh chemicals, making it suitable for regular use and especially for individuals with
sensitive scalps.In comparison to some marketed formulations, the herbal-based serum showed
comparable, if not superior, results in terms of dandruff reduction and scalp health improvement. This
supports the potential of NUMRG as a sustainable, herbal alternative in hair care.
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