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Integrative Ethnobotanical and GC–MS Analysis of Valeriana jatamansi Jones: Pharmacological Potential and Conservation Importance
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Abstract
Medicinal plants remain vital to traditional and modern medicine due to their diverse bioactive compounds and deep cultural significance. The present study integrates ethnobotanical knowledge with phytochemical profiling to explore the medicinal potential of Valeriana jatamansi Jones from the Langate Forest Division, Kashmir. Ethnobotanical surveys revealed the plant’s widespread traditional use in the treatment of neurological, gastrointestinal, and inflammatory ailments. Methanolic rhizome extracts were analysed using Gas Chromatography–Mass Spectrometry (GC–MS), identifying patchouli alcohol (46.01%), maaliol (26.53%), and calarene (17.39%) as major sesquiterpenes. These oxygenated and hydrocarbon sesquiterpenes underpin the plant’s sedative, antioxidant, antimicrobial, and anti-inflammatory properties. The convergence of ethnomedicinal practices and chemical evidence supports the traditional therapeutic applications of V. jatamansi Jones and highlights the Langate population as a distinct high patchouli alcohol chemotype. However, intensive harvesting pressure in the study area poses a significant conservation concern, underscoring the urgency for sustainable utilisation strategies. Overall, the findings emphasise the chemotypic significance of the Langate population and the need for conservation-oriented management and validation of indigenous pharmacological knowledge for future phytopharmaceutical development.
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1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Introduction

Medicinal plants have long been a cornerstone of traditional healthcare systems and continue to play a crucial role in primary healthcare and modern pharmaceutical research. Their enduring importance is largely attributed to the presence of diverse bioactive compounds, as well as their affordability and accessibility (Wu et al., 2023). Ethnopharmacological knowledge preserved within Indigenous and rural communities provides invaluable insights for identifying plants with therapeutic potential and for guiding pharmacological and phytochemical investigations (Awoke et al., 2024). However, the sustainability of medicinal plant resources is increasingly threatened by overharvesting and habitat degradation, highlighting the urgent need for conservation-oriented documentation and management strategies (Chen et al., 2018). Valeriana jatamansi Jones (syn. V. wallichii DC.) is a prominent medicinal herb extensively used in Ayurveda, traditional Chinese medicine, and other Asian medical systems for the treatment of neurological and psychosomatic disorders, including anxiety, insomnia, epilepsy, and stress-related conditions (Gautam et al., 2021; Jugran et al., 2020; Yan et al., 2019). Its roots and rhizomes are rich sources of iridoids, valepotriates, lignans, flavonoids, and sesquiterpenoids, which collectively contribute to its sedative, antidepressant, antioxidant, and antimicrobial properties (He et al., 2025; Yan et al., 2019; Zhang et al., 2017). Ethnobotanical documentation remains essential for preserving rapidly eroding traditional knowledge, particularly in biologically and culturally diverse regions (Oladeji et al., 2020). Contemporary ethnobotanical research increasingly adopts hypothesis-driven and theory-based approaches to better understand human–plant relationships while contributing to biodiversity conservation and sustainable resource management (De Albuquerque et al., 2008; Gaoue et al., 2017). Complementing these efforts, gas chromatography–mass spectrometry (GC–MS) has emerged as a powerful analytical tool for profiling volatile and semi-volatile phytochemicals, enabling quality control, chemotypic differentiation, and bioactivity-guided research. In ethnobotanical studies, GC–MS facilitates the scientific validation of traditional medicinal claims by elucidating the chemical basis of therapeutic effects and supporting the discovery of novel bioactive compounds (Lawson et al., 2020; Póvoa et al., 2024). Within this interdisciplinary framework, the present study aimed to comprehensively investigate the ethnobotanical and phytochemical significance of Valeriana jatamansi Jones by integrating traditional knowledge with advanced analytical techniques. Specifically, the study documents the ethnomedicinal uses of V. jatamansi Jones among indigenous and local communities and employs GC–MS to identify and characterise its volatile bioactive constituents.

2.     Materials and Methods:
2.1 Study area
The research was conducted in the Langate Forest Division (LFD) (Fig.1), positioned at an altitude ranging from 2000 to 3500 m above sea level, with coordinates of 34°15'22′′ N latitude and 74°07'52" E longitude. The terrain is mountainous, experiencing temperate to sub-alpine climate conditions, with annual rainfall averaging between 66 and 167 mm. Temperatures in this area vary from -10°C to 35°C (Nisa et al., 2025).
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Fig. 1. Map showing the study area of Valeriana jatamansi Jones in the Langate Forest Division, Kupwara District, Jammu and Kashmir, India.
2.2 Field Survey and Collection of Plant Specimens	
Field investigations were conducted to document the use of medicinal plants, their methods of administration, and the therapeutic parts involved, with the participation of community elders and healers (Anis et al., 2000). Rhizomes of the species were collected from Mawar and Rafiabad (Langate Forest Division) for extraction and chemical analyses. The samples were authenticated using herbarium vouchers. 
2.3 Extraction and GC–MS Analysis of Bioactive Compounds
The air-dried and finely powdered rhizomes were subjected to Soxhlet extraction, followed by filtration as described by Abdel-Lateef et al. (2016). The resulting methanolic extracts were subsequently analyzed using Gas Chromatography–Mass Spectrometry (GC–MS) to characterise the volatile and semi-volatile bioactive constituents. Chromatographic separation was carried out on a capillary column, with helium as the carrier gas. The ionisation mode was electron impact (EI), and compounds were identified by comparing their mass spectra with NIST library databases (Garg et al., 2024).
3.     Results 
Ethnobotanical documentation from the Langate Forest Division of Kashmir has revealed that Valeriana jatamansi Jones is locally recognized by several vernacular names and is widely used in traditional medicine. The species is commonly referred to as Mushkbala in Kashmiri and Hindi, Bhutijatt in the local Kashmiri dialect, Tagar or Tagara in Sanskrit and Ayurvedic literature. As summarised in Table 1, the roots and rhizomes of V. jatamansi Jones are utilized in multiple traditional preparations. The preparation of dried and powdered roots into herbal teas or infusions aligns with its traditional role in calming the nervous system and promoting sleep, indicating its anxiolytic and sedative properties. GC-MS analysis revealed that the major constituent detected was patchouli alcohol (46.01%), followed by maaliol (26.53%) and calarene (β-gurjunene) (17.39%), indicating that sesquiterpene alcohols and hydrocarbons dominate the volatile composition of the extract (Fig. 1 and Table 2). Valeriana jatamansi Jones is rich in both oxygenated and hydrocarbon sesquiterpenes, dominated by patchouli alcohol, with notable maaliol and calarene levels. Minor constituents include seychellene, β-guaiene, and viridiflorol. These compounds contribute to the plant’s sedative, antioxidant, anti-inflammatory, and antimicrobial properties (Table 3). 
Table 1. Vernacular Names and Traditional Preparation Methods of Valeriana jatamansi in Langate Forest Division Kashmir
	Aspect
	Details

	Vernacular names
	Mushkbala (Kashmiri / Hindi); Bhutijatt (local Kashmiri name); Tagar / Tagara (Sanskrit / Ayurvedic trade name)

	Preparation methods
	1. Roots and rhizomes are dried and powdered to make herbal tea or infusion for calming nerves and improving sleep. 
2. Decoction prepared by boiling roots in water is used orally for stomach and nervous disorders. 
3. Root paste or oil extract  is applied externally to treat skin ailments, wounds, and inflammation.



Table 2. Major Compounds Identified from Valeriana jatamansi by GC–MS
	Peak (RT, min)
	Compound
	Structures
	Molecular Weight (g/mol)
	Peak Area (%)

	38.264
	Patchouli alcohol
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	222.37
	46.01

	41.815
	Maaliol
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	220.35
	26.53

	42.997
	β-Guaiene
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	204.35
	1.54

	43.154
	Seychellene
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	204.35
	5.13

	58.329
	Viridiflorol
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	222.37
	3.40

	60.030
	Calarene (β-gurjunene)
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	204.35
	17.39
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Fig. 2. GC-MS chromatogram

Table 3. Major sesquiterpene compounds identified in Valeriana jatamansi Jones, their chemical classes, approximate concentration ranges reported in previous studies, and key pharmacological or bioactive properties as documented in the literature.
	Compound
	Chemical class
	Approx. range in other studies of V. jatamansi
	Key reported activities

	Patchouli alcohol
	Oxygenated sesquiterpene alcohol
	~7–70% in different populations
	Sedative, antioxidant, anti-inflammatory, antimicrobial, cytotoxic (Jugran et al., 2019; Çelik & Kırmızıbekmez, 2025; Thusoo et al., 2014; Maurya et al., 2021; Chen et al., 2021)

	Maaliol
	Oxygenated sesquiterpene alcohol
	0.3–28%
	Antimicrobial, anti-inflammatory (in other aromatic species) (Çelik & Kırmızıbekmez, 2025; Thakur et al., 2022)

	Calarene (β-Gurjunene)
	Sesquiterpene hydrocarbon
	3–9% (often)
	Antimicrobial, anti-inflammatory (reported in essential oils) (Cornara et al., 2020; Thusoo et al., 2014)

	Seychellene
	Sesquiterpene hydrocarbon
	Increases with repeated distillation
	Antioxidant, antimicrobial (in other plant oils) (Thakur et al., 2022; Thusoo et al., 2014)

	β-Guaiene
	Sesquiterpene hydrocarbon
	Typically minor
	Antioxidant, antimicrobial (in related species) (Jugran et al., 2019; Thusoo et al., 2014)

	Viridiflorol
	Oxygenated sesquiterpene alcohol
	Usually low
	Antimicrobial, anti-inflammatory (various reports) (Çelik & Kırmızıbekmez, 2025; Thusoo et al., 2014)



                                                
Fig 3. Distribution of sesquiterpene classes in Valeriana jatamansi Jones showing an equal proportion of oxygenated sesquiterpene alcohols and non-oxygenated (hydrocarbon) sesquiterpenes, each constituting 50% of the total identified compounds.

Discussion
4.1 Convergence of ethnobotanical knowledge with phytochemical and pharmacological evidence
The present study, conducted in the Langate Forest Division of Kashmir, underscores a notable alignment between traditional ethnomedicinal practices and the phytochemical composition of Valeriana jatamansi Jones. The widespread use of this plant for neurological and psychological conditions such as insomnia, anxiety, nervousness, and stress aligns with its historical significance in Himalayan ethnomedicine and Ayurvedic texts (Jugran et al., 2019; Mir et al., 2024). The frequent use of its dried roots and rhizomes in teas, decoctions, and topical applications reflects a sophisticated indigenous understanding of dosage, preparation, and therapeutic precision. GC–MS analysis identified patchouli alcohol as the main component (46.01%), with maaliol and calarene following, indicating that sesquiterpene alcohols and hydrocarbons dominate the volatile profile of the Langate population. This chemical composition provides a solid mechanistic basis for the sedative, anxiolytic, antioxidant, and anti-inflammatory properties traditionally associated with V. jatamansi Jones. Patchouli alcohol is well-documented for its ability to influence central nervous system activity via GABAergic pathways, antioxidant defences, and anti-neuroinflammatory effects (Thusoo et al., 2014; Chen et al., 2021). The presence of oxygenated sesquiterpenes like maaliol and viridiflorol further broadens the bioactivity range, particularly in antimicrobial and anti-inflammatory actions, supporting its external use for skin conditions and wound healing as noted by local practitioners. Notably, similar ethnobotanical trends have been observed throughout the Kashmir Himalaya, where V. jatamansi Jones is highly valued for treating neurological and digestive issues (Mir et al., 2024). These findings thus affirm the conceptual harmony between traditional medical systems and contemporary phytochemical validation.

4.2 Chemotypic significance of the Langate Forest Division population
Significant chemotypic diversity has been observed in V. jatamansi Jones across its Himalayan and trans-Himalayan range, with populations exhibiting notable differences in sesquiterpene prevalence and the relative concentration of patchouli alcohol (He et al., 2018; Maurya et al., 2021; Thakur et al., 2022). The Langate population is distinctly classified under the high patchouli alcohol chemotype, a profile previously identified in certain areas of Himachal Pradesh and Uttarakhand but rarely documented in the Kashmir Himalaya with comprehensive ethnobotanical evidence (Bisht et al., 2020). This chemotypic variation has significant implications. Firstly, the pharmacological effectiveness is greatly influenced by the proportions of oxygenated sesquiterpenes, which have greater bioavailability and biological activity compared to their hydrocarbon counterparts. Studies on electrophysiological responses and acetylcholinesterase inhibition have shown that essential oils rich in patchouli alcohol and similar oxygenated sesquiterpenes exhibit stronger CNS depressant and anxiolytic properties (Cornara et al., 2020). Secondly, chemotypic profiling is crucial for the quality control and standardization of herbal formulations. Patchouli alcohol and calarene are now recognized as reliable chemical markers for the authentication and efficacy evaluation of V. jatamansi-based products (Jugran et al., 2019; Wang et al., 2024). The 1:1 ratio of oxygenated to non-oxygenated sesquiterpenes found in the Langate population indicates a balanced and pharmacologically adaptable chemotype. Thirdly, from a conservation and cultivation perspective, identifying high-value chemotypes provides a scientific basis for selecting superior germplasm for ex-situ propagation and sustainable agricultural programs, thereby alleviating pressure on wild populations (He et al., 2018; Dhiman et al., 2020; Thakur et al., 2022).

4.3 Conservation urgency, sustainability, and protection of traditional knowledge
The integration of ethnobotanical and phytochemical data must be interpreted against the backdrop of escalating conservation threats.  Valeriana jatamansi Jones is extensively harvested for its roots and rhizomes, a practice that impedes population recovery and has resulted in localized depletion across the Himalayan region (Dhiman et al., 2020; Jugran et al., 2021; Charmakar et al., 2021). In the Kashmir Himalaya, uncontrolled harvesting, combined with habitat fragmentation and the erosion of traditional knowledge, has further strained natural populations (Rashid et al., 2018; Mir et al., 2024). A study from Nepal and the western Himalayas indicates a strong dependence on wild-harvested resources for livelihoods, alongside a decline in the availability of chemically potent germplasm, necessitating the urgent implementation of sustainable harvesting practices and cultivation-based supply chains (Charmakar et al., 2021; Thakur et al., 2022). The Langate population's high patchouli alcohol content underscores its importance as a key conservation unit. Equally significant is the documentation of local names, preparation methods, and therapeutic uses, which not only preserves intangible cultural heritage but also provides a solid foundation for fair benefit-sharing and intellectual property rights. This documentation aligns with the Nagoya Protocol and India's national biodiversity policies, ensuring the recognition and rights of indigenous knowledge holders (Jugran et al., 2021; Wang et al., 2024; Mbelebele et al., 2024). Therefore, the Langate Forest Division case study exemplifies how well-documented ethnobotanical knowledge, when paired with comprehensive phytochemical analysis, can establish a scientifically robust and ethically sound framework for researching medicinal plants. The identification of a high-value chemotype, coupled with its significant traditional use, underscores V. jatamansi Jones as a pivotal species for conservation-focused phytopharmaceutical development in the Kashmir Himalaya. Such integrative strategies are essential for balancing biodiversity conservation, cultural resilience, and the sustainable use of Himalayan medicinal plant resources.
Conclusion
[bookmark: _Hlk217907165]This study bridges traditional ethnobotanical knowledge and modern phytochemical analysis to validate the therapeutic relevance of Valeriana jatamansi Jones from Kashmir’s Langate Forest Division. The predominance of patchouli alcohol and other sesquiterpenes provides strong biochemical support for its traditional use in managing neurological and inflammatory disorders. The discovery of a unique high patchouli alcohol chemotype highlights the pharmacological significance and conservation importance of the species. Recording local vernacular names, traditional preparation techniques, and community-based practices not only safeguards cultural heritage but also contributes to informed and sustainable resource management. Overall, the integration of GC–MS-based profiling with ethnomedicinal documentation establishes a replicable framework for conserving biodiversity and advancing evidence-based traditional medicine in the Himalayan region.
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