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ABSTRACT
[bookmark: _GoBack]Introduction: Neelibhringadi Kera Tailam is a traditional Ayurvedic herbal oil formulated for promoting hair health, addressing issues such as hair loss, premature greying, scalp irritation, and infections. This study evaluates its composition, preparation, organoleptic, physicochemical, phytochemical, and GC-MS profiles to substantiate its therapeutic efficacy. Materials and Methods: Raw materials were collected and the oil was prepared following classical Ayurvedic procedures. Analyses were conducted per Ayurvedic Pharmacopoeia of India (API) standards. Results: Organoleptic evaluation revealed a bluish green color, characteristic herbal odour, and viscous oily consistency. Physicochemical parameters met API standards, while phytochemical screening confirmed the presence of key bioactive compounds like steroids, alkaloids phenols & Saponins. GC-MS identified 18 major compounds with properties supporting hair growth, antimicrobial action, and scalp nourishment. Conclusion: The analytical data support Neelibhringadi Kera Tailam promotes hair health by penetrating the hair shaft, stimulating growth and restoration, and exerting antimicrobial, antioxidant, anti-inflammatory, and hair loss–preventive effects.
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1. INTRODUCTION: 
Neelibhringadi Kera Tailam is a classical Ayurvedic medicated oil formulation referenced in texts such as Sahasrayogam and standardized in the Ayurvedic Pharmacopoeia of India.[1,2] This medicated oil has been traditionally used for centuries to enhance hair quality, prevent premature greying and to reduce hair fall. Its name derives from key ingredients, including "Neeli" (Indigofera tinctoria) and "Bhringaraja" (Eclipta alba), combined with "Kera Tailam" (coconut oil), indicating its herbal and oil-based composition intended for external application.
The formulation comprises a synergistic blend of potent herbs and various types of milks, each selected for specific therapeutic properties. For instance, Neeli exhibits hair growth stimulating, hair dyeing, antioxidant, anti-inflammatory, and antibacterial properties, which may promote hair follicle health and mitigate scalp inflammation.[3,4]
 Bhringaraja is recognized for its hair growth-promoting properties in Ayurvedic literature.[5] Dhatri (Emblica officinalis), rich in vitamin C and antioxidants, nourishes hair follicles and strengthens roots.[6,7] Other components, such as Yashtimadhu (Glycyrrhiza glabra), provide anti-inflammatory benefits,[8] while milks from goat, cow, buffalo, and coconut enhance the oil's emollient qualities, facilitating deep penetration and hydration. The coconut oil base serves as a carrier, utilizing its affinity for hair proteins to deliver active compounds effectively.[9]

In modern times, hair-related issues such as hair fall, scalp irritation, infections, and premature greying are increasingly common due to factors including stress, pollution, poor diet, and chemical exposure.[10,11] Neelibhringadi Kera Tailam alleviates hair-related issues via penetration into the hair shaft, enhancement of hair growth and restoration, exertion of antibacterial, antimicrobial, antioxidant, anti-inflammatory, and anti-allergic effects, and attenuation of hair loss.
 Unlike synthetic products that may provide temporary relief but often entail side effects, this Ayurvedic oil aims to promote long-term hair health by balancing the doshas (Vata, Pitta, Kapha), particularly pacifying Pitta-associated issues such as inflammation and heat-induced greying. Its multifaceted actions render it a versatile option for maintaining lustrous, strong hair and a healthy scalp.

Despite its traditional recognition, there is a need to validate such formulations using modern scientific methods to integrate ancient knowledge with evidence-based practices. The present study standardizes Neelibhringadi Kera Tailam by assessing its organoleptic, physicochemical, phytochemical, and GC-MS profiles according to Ayurvedic Pharmacopoeia of India (API) standards.[12]  By elucidating the bioactive compounds and their pharmacological actions, this research seeks to substantiate the oil's efficacy for modern applications in hair care, potentially paving the way for its integration into global wellness routines.

2.MATERIALS AND METHODS
2.1 Collection of Raw Materials
Raw materials were sourced from authentic suppliers in Kerala, India, ensuring quality and purity as per API guidelines.

2.2 Preparation of Neelibhringadi Kera Tailam
 The Neelibhringadi Kera Tailam was prepared following the classical Sneha Kalpana method. The list of ingredients, its botanical name & parts used are shown in Table 1.[2]
Table 1: Composition of   Neelibhringadi Kera Tailam
	Sl. No.
	Ingredients
	Botanical Name
	Parts Used

	1
	Neeli
	Indigofera tinctoria
	Leaf

	2
	Bhringaraja
	Eclipta alba
	Whole plant

	3
	Karnasphota
	Cardiospermum halicacabum
	Root

	4
	Dhatri
	Emblica officinalis
	Fruit rind

	5
	Ajaksheera
	Goat’s milk
	As Such

	6
	Nalikera Ksheera
	Coconut milk
	As Such

	7
	Mahisha Ksheera 
	Buffalo’s milk
	As Such

	8
	Go ksheera
	Cow’s milk
	As Such

	9
	Yashtimadhu
	Glycyrrhiza glabra
	Root

	10
	Gunja
	Abrus precatorius
	Root

	11
	Anjana (Daruharidra)
	Coscinium fenestratum
	Stem

	12
	Kera thaila
	Coconut oil
	As Such


2.3 Preparation Process
Leaves of Neeli, the whole plant of Bhringaraja and  Karnasphota, along with Amla fruits, were carefully washed to remove impurities, thereafter, the Amla fruits were deseeded, and their juices were extracted. Yashtimadhu and Gunja were cleaned, dried, and pulverized into fine powder and combined to form a homogeneous paste (kalka) with water. Coconut was scraped, ground, and obtain coconut milk. In addition, measured quantities of cow, goat, and buffalo milk were kept ready. A cleaned vessel was charged with coconut oil, into which the prepared kalka and herbal juices were incorporated. The mixture was continuously stirred and heated until mridu paka was achieved, after which the four types of milk were added. Heating with stirring was resumed and the mixture was monitored for paka lakshanas until kharapaka attained. At this point, heating was discontinued, the oil was filtered through clean cotton cloth into a vessel containing powdered Anjana, stirred thoroughly, and finally stored in a clean container.
2.4 Organoleptic Analysis
Colour, odour, and consistency were assessed in accordance with the Ayurvedic Pharmacopoeia of India (API) standards.[13]
2.5 Physicochemical Analysis
The evaluation of rancidity, moisture content (%), refractive index, saponification value, acid value, iodine value, and specific gravity was carried out as per API standards.[13]
2.6 Preliminary Phytochemical Analysis
The presence of carbohydrates, proteins, glycosides, steroids, terpenoids, flavonoids, phenols, saponins, and alkaloids[14] were evaluated using standard phytochemical tests in Chloroform extract of Neelibhringadi Kera Tailam.

2.7 Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
Hexane extracts were analyzed using a GC–MS system equipped with a DB-5MS column. The oven was programmed from 60 °C to 280 °C at a rate of 10 °C/min, and compounds were identified through the NIST database.[15]
3.RESULTS
3.1 Organoleptic Analysis.
Primary evaluation is based on its colour, odour and consistency. These observations were tabulated in Table 2
Table 2: Organoleptic analysis of Neelibhringadi Kera Tailam
	No
	Characters
	Results

	1
	Colour
	Bluish green

	2
	Odour
	Characteristic

	3
	Consistency
	viscous oil


3.2 Physicochemical Analysis
The results of the physicochemical analysis of Neelibhringadi Kera Tailam are provided in Table No. 3.
Table 3: Physicochemical analysis of Neelibhringadi Kera Tailam
	No
	Parameters
	 Results

	1. 
	Rancidity
	-ve

	2. 
	Moisture %
	NMT 0.5%

	3. 
	Refractive index
	1.452-1.454

	4. 
	Saponification value 
	NLT 250

	5. 
	Acid value
	NMT 4

	6. 
	Iodine value
	7.5-10

	7. 
	Specific gravity
	0.910-0.920


                             
3.3  Phytochemical Analysis
The chloroform extract revealed the presence of key bioactive compounds, as shown in Table 4.
Table 4: Phytochemical analysis of Neelibhringadi Kera Tailam
	Sl No:
	Organic Phytochemical constituents
	Name of the test conducted 
	 Neelibhringadi Kera Tailam
 (Chloroform Extract)

	1
	Carbohydrate
	Molisch’s test
	+

	2
	Sugar
	Benedict’s test
	+

	3
	Reducing Sugar
	Fehling’s test
	+

	4
	Ketose
	Seliwanoff’s test
	+

	5
	Protein
	Biuret test
	+

	6
	Starch
	KI test
	+

	7
	Glycoside
	Salkowski test
	+

	8
	Steroid
	
	+

	9
	Terpenoid
	
	_

	10
	Flavonoid
	Alkaline reagent
	_

	11
	Phenol
	Phenol reagent test
	+

	12
	Saponin
	Foam test
	+

	13
	Alkaloid
	Wagner’s reagent
	+

	14
	Tannin
	Ferric chloride test
	_

	15
	Coumarin
	NaOH test
	_

	16
	Amino acids
	Ninhydrin test
	_

	17
	Quinone
	H2SO4  test
	_




3.4 GC-MS Analysis
The GC-MS analysis identified  bioactive compounds, with their retention times, area percentages, and pharmacological actions detailed in Table 5 & fig. 1
Table 5: GC-MS Analysis of Neelibhringadi Kera Tailam
	Sl No
	Component
	Retention Time
	Area%
	Pharmacological Actions

	1
	Dodecanoic acid, 1,2,3-propanetriyl ester
	43.9
	27.23%
	anti-oxidant, antibacterial, antiviral [16]

	2
	Monolaurin
	35.38
	18.63%
	Antibacterial activity & Antifungal activity [17]

	3
	Lauric acid
	21.95
	7.92%
	Penetrate into hair shaft and promote hair growth[18]

	4
	Myristic acid
	25.69
	1.01%
	Effective to decrease hair loss[19]

	5
	Camphor
	13.27
	0.67%
	Antimicrobial[20]

	6
	β-Sitosterol
	40.61
	0.55%
	Hair growth promoting capacity[21]

	7
	Capric acid
	16.88
	0.25%
	anti-inflammatory & Antibacterial[9]

	8
	7-Methyl-Z-tetradecen-1-ol acetate
	29.53
	0.24%
	Anti-inflammatory[22]

	9
	α-Pinene
	9.02
	0.20%
	Antibacterial[23]

	10
	Squalene
	35.63
	0.20%
	Antioxidant and anti-inflammatory[24]

	11
	Stigmasterol
	39.82
	0.18%
	Hair restoration[25]

	12
	Tetradecane
	17.03
	0.16%
	Antibacterial and antifungal properties[26]

	13
	Stigmastan-3,5-diene
	38
	0.14%
	Anti-inflammatory[27]

	14
	5-Cholestene-3-ol, 24-methyl
	39.52
	0.14%
	Hydrate and soften the skin[28]

	15
	Phytol
	29.73
	0.11%
	Antioxidant activity[29]

	16
	Camphene
	9.4
	0.10%
	Antioxidant[30]

	17
	Isopropyl Myristate
	26.26
	0.09%
	Penetration enhancer[31]

	18
	β-Pinene
	10.01
	0.02%
	Antimicrobial, antiallergic properties[23]



Fig 1: GC-MS Chromatogram of Neelibhringadi Kera Tailam
[image: ]
4.DISCUSSION
The comprehensive evaluation of Neelibhringadi Kera Tailam provides robust scientific validation for its traditional use in Ayurvedic hair care, bridging ancient wisdom with modern analytical techniques. The organoleptic properties, characterized by a bluish-green color, characteristic herbal odour, and viscous oily consistency.[32] These attributes align with the expected sensory profile of a coconut oil-based medicated formulation infused with herbs like Neeli and Bhringaraja, ensuring user acceptability and ease of application.
Physicochemical analysis confirms the oil’s quality and stability. The absence of rancidity and low moisture content (NMT 0.5%) suggest a prolonged shelf life, critical for herbal oils. The refractive index (1.452–1.454), saponification value (NLT 250), acid value (NMT 4), and iodine value (7.5–10) comply with Ayurvedic Pharmacopoeia of India (API) standards, affirming the oil’s purity, consistency, and suitability for scalp and hair application. The low acid value indicates minimal free fatty acids, reducing the risk of irritation, while the iodine value reflects an appropriate degree of unsaturation, ensuring effective penetration and nourishment.[33]
The organoleptic properties indicate a stable, appealing formulation suitable for topical application. Physicochemical parameters align with API standards, ensuring quality and shelf-life. The phytochemical analysis of Neelibhringadi Kera Tailam’s chloroform extract reveals a robust composition of bioactive compounds, including carbohydrates, sugars, reducing sugars, ketoses, proteins, starch, glycosides, steroids, phenols, saponins, and alkaloids, which collectively underpin its traditional use as an effective hair oil in Ayurvedic hair care practices. Carbohydrates and sugars, detected through Molisch’s, Benedict’s, Fehling’s, and Seliwanoff’s tests, act as humectants, locking in moisture to prevent scalp dryness and brittle hair, thus improving hair texture and reducing flakiness. The presence of proteins, confirmed by the Biuret test, plays a pivotal role in hair health by significantly increasing the fiber’s external and internal water content through interactions and binding with water molecules. This enhanced hydration protects hair from damage, thereby supporting overall strand integrity and resilience.[34]Starch, detected via the KI test, contributes to improved hair management in formulations like oils or powders. Starch has the ability to enhance hair volume and texture while providing a lightweight hold, and starch's oil-absorbing properties make it an effective ingredient for managing excess oil and impurities on the scalp and hair, promoting a balanced and clean environment conducive to healthy growth.[35]Glycosides, identified through the Salkowski test, emerge as promising bioactive compounds for hair care. The results from relevant studies indicate that flavonoid glycosides from plant sources are a valuable lead for developing medications against alopecia, underscoring their potential in addressing hair loss at a molecular level.[36]Phenols, confirmed by the phenol reagent test, demonstrate therapeutic potential in treating hair disorders. Studies have established the efficacy and safety of high-concentration phenol in the therapy of alopecia areata, highlighting its role in targeted scalp interventions to stimulate regrowth and mitigate inflammatory responses.[37]Saponins, evidenced by the foam test, offer protective benefits against hair loss mechanisms. Research shows that saponins suppress immune activation and prevent hair loss, fostering an anti-inflammatory scalp condition that reduce hair loss.[38]Alkaloids, verified using Wagner’s reagent, act as inhibitors of androgen receptors implicated in alopecia, providing a mechanistic basis for their use in preventing hormone-driven hair thinning and promoting sustained growth.[39]This phytochemical profile supports Neelibhringadi Kera Tailam’s efficacy in promoting hair growth, strengthening hair follicles, and maintaining scalp health, aligning with its traditional claims. Further quantitative analysis and clinical studies could validate these findings and optimize its therapeutic potential for modern hair care applications.
Dodecanoic acid, 1,2,3-propanetriyl ester, the most abundant compound, exhibits multifaceted pharmacological activities including antioxidant, antibacterial, antiviral properties.[16] These properties likely enhance the oil's ability to protect hair follicles microbial invasions, fostering an environment conducive to sustained hair vitality. Monolaurin demonstrates potent antibacterial activity by disintegrating lipid membranes of pathogens such as Propionibacterium acnes and Staphylococcus aureus which are implicated in scalp infections like folliculitis. Additionally, its antifungal activity further bolsters the oil's role in maintaining scalp health by protecting from infections. [17] Lauric acid and myristic acid, both saturated fatty acids, play complementary roles in hair nourishment. Lauric acid, as a short-chain fatty acid, penetrates the hair shaft efficiently to promote growth and structural integrity.[18] Myristic acid, alongside lauric acid, has been shown to decrease hair loss, potentially through minimizing breakage.[19] Their presence supports the oil's emollient properties, aiding in moisture retention and resilience against environmental stressors.Camphor and camphene contribute antimicrobial and antioxidant benefits. camphor supports and promotes hair growth.[20] Camphene activates intracellular antioxidant mechanisms, mitigating free radical damage that could lead to premature greying or weakening of strands.[30] These terpenoids enhance the oil's soothing effects on irritated scalps, improving overall comfort during application.β-Sitosterol and stigmasterol emerge as key phytosterols for androgenetic alopecia management. β-Sitosterol inhibits 5-alpha-reductase activity, thereby promoting hair growth.[21] Stigmasterol similarly addresses hair growth complications, offering a potent, herbal alternative for restoration without the side effects of synthetic treatments.[25] Their inclusion positions the oil as a natural intervention for hormone-related hair loss.Capric acid alongside lauric acid, exerts bactericidal and anti-inflammatory effects against P. acnes, partly through inhibiting NF-κB activation and MAP kinase phosphorylation.[9,18] This dual action helps alleviate inflammatory scalp conditions like seborrheic dermatitis, which can impede hair cycles.7-Methyl-Z-tetradecen-1-ol acetate and stigmastan-3,5-diene provide anti-inflammatory support, with the former reported for its inflammation-modulating properties and the latter demonstrating potency in similar contexts.[22,27] These compounds may synergize to reduce scalp swelling and promote follicular health.α-Pinene and β-pinene offer antibacterial and antimicrobial benefits, with β-pinene additionally exhibiting antiallergic properties.[23] Their volatile nature likely aids in the oil's aromatic profile while combating microbial overgrowth. Squalene, a potent antioxidant and anti-inflammatory agent, has been traditionally used as a carrier in alopecia treatments, enhancing delivery of other actives while protecting against oxidative damage.[24] Tetradecane, a saturated alkane, imparts broad antibacterial and antifungal properties, contributing to the oil's preservative and cleansing attributes.[26] 5-Cholestene-3-ol, 24-methyl hydrates and softens the skin, potentially extending to scalp conditioning for improved hair anchorage.[28] Phytol reinforces antioxidant defenses with its strong radical-scavenging effects.[29] Isopropyl myristate, functioning as a penetration enhancer, facilitates deeper absorption of these bioactives into the scalp and hair follicles.[31] Collectively, the synergistic interplay of these compounds—dominated by fatty acids and sterols with antimicrobial, anti-inflammatory, and growth-promoting actions—validates the hair oil's potential as a comprehensive natural remedy for enhancing hair strength, reducing loss, and maintaining scalp equilibrium. Further clinical evaluations could elucidate optimal formulations for targeted therapeutic outcomes. These constituents collectively support the efficacy of Neelibhringadi Kera Tailam  in promoting hair growth and restoration, penetrating the hair shaft, attenuating hair loss, and delivering antibacterial, antimicrobial, antioxidant, anti-inflammatory, and antiallergic effects, thereby substantiating  its traditional applications in hair care.

5.CONCLUSION
The comprehensive analysis of Neelibhringadi Kera Tailam validates its traditional use as an effective Ayurvedic hair care formulation, bridging ancient wisdom with modern scientific validation. Organoleptic evaluation confirms its user-friendly attributes, including a bluish-green color, characteristic herbal odour, and viscous consistency, ensuring suitability for topical application. Physicochemical parameters, such as the absence of rancidity, low moisture content and compliance with API standards for refractive index (1.452–1.454), saponification value (NLT 250), acid value (NMT 4), iodine value (7.5–10), and specific gravity (0.910–0.920), affirm the oil’s stability, purity, and quality. Phytochemical analysis reveals a rich profile of bioactive compounds, including carbohydrates, proteins, glycosides, steroids, phenols, saponins, and alkaloids, which collectively support hair nourishment, scalp health, and protection against oxidative stress and infections. GC-MS analysis identifies key constituents like Dodecanoic acid, 1,2,3-propanetriyl ester (27.23%), Monolaurin (18.63%), and other compounds which exhibit hair penetration, antibacterial, antimicrobial, antioxidant, anti-inflammatory, and hair growth-promoting properties. These findings substantiate the oil’s efficacy in addressing hair fall, promoting hair growth, and maintaining scalp health, aligning with its traditional claims. By integrating these scientific insights with Ayurvedic principles, Neelibhringadi Kera Tailam emerges as a promising natural solution for modern hair care, warranting further quantitative and clinical studies to optimize its therapeutic potential and facilitate its global adoption in wellness routines.
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