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Abstract

:

The present work aims to provide an insight on the chemical constituents of essential oils obtained from six aromatic plants of the Langtang National Park (LNP), Nepal. LNP harbors an enriched biodiversity of medicinal and aromatic plants (MAPs). The composition of essential oils obtained from Rhododendron anthopogon D. Don, Artemisia dubia Wall. ex Besser, Boenninghausenia albiflora (Hook.) Rchb. ex Meisn., Elsholtzia fruticosa (D. Don) Rehder, Juniperus recurva Buch.-Ham. ex D. Don and Rhododendron setosum D. Don, were analyzed by Gas Chromatography-Mass Spectrometry (GC-MS). The essential oils were extracted via the hydrodistillation method using the Clevenger apparatus. GC-MS analysis showed that E-caryophyllene, α-pinene, γ-terpinene, β-pinene and δ-cadinene in Rhododendron anthopogon; santolina-triene, β-cubebene and sabinene in Artemisia dubia; β-myrcene, β-cubebene, E-β-ocimene and bicyclogermacrene in Boenninghausenia albiflora; perillene, eucalyptol and β-pinene in Elsholtzia fruticosa; δ-3-carene, cadina-1(6),4-diene and δ-cadinene in Juniperus recurva; trans-sabinyl acetate, sabinene, α-elemol and germacrene D in Rhododendron setosum are the principal components. The major compounds in the essential oil were monoterpenes and sesquiterpenes, representing almost 80% to 90% of the total constituents of the essential oil. In comparison to the previous studies, the results showed a significant difference in the qualitative composition of the essential oil. This is also the first report on the study of chemical constituents from the essential oil of R. setosum. Despite hosting a plethora of MAPs, only a limited number of studies have been carried out to identify their chemical and biological properties. Hence, further investigations on the MAPs of the Langtang region are highly essential to identify the major chemical constituents and explore their biological activities.
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1. Introduction


LNP is considered one of the first mountain parks in Nepal. It covers a total area of 1710 km2, with an additional 420 km2 added as a buffer zone. Its territory expands over three districts of Nepal, viz., Rasuwa (56%), Nuwakot (6%) and Sindupalchowk (38%) district [1]. LNP has an enriched biodiversity, sheltering a wide range of MAPs, thus making this region one of the key protected areas of Nepal [2]. MAPs have a high potential to serve as the source of medicinal products [3], and primarily, they are used in cosmetics, the food industry and for extracting essential oils [4]. They can contribute to revenue collection and have the potential to uplift the socio-economic status of the Nepali people [5].



Aromatic plants are considered the storehouse of essential oils that are biosynthesized in specialized cells, such as osmophores, ducts, cavities and glandular trichomes [6]. They have garnered huge attention in traditional medicine [7], and their use in the pharmaceutical, food, agronomic, cosmetic, and perfume industries is burgeoning [8,9]. Essential oil mostly consists of volatile and low-molecular-weight organic compounds. The vast majority of these volatile compounds comprise of a complex mixture of terpenes (hydrocarbon and oxygenated terpenes): mono-, sesqui- and di-terpenes that are biogenerated by mevalonate and mevalonate-independent pathways [9,10]. Moreover, they also consist of phenolic compounds (eugenol and cinnamaldehyde), non-terpenoid components of essential oil that are produced via the shikimate pathway, along with ketones, aldehydes, alkanes and aliphatic alcohols [11,12].



Terpenes are one of the largest groups of natural products that consist of structurally diverse chemical components produced by living organisms to carry out a specific set of physiological roles, such as providing characteristic aroma, color and flavor to the plant species [13]. The classification of these naturally occurring chemical components depends on the number of isoprene units, an unsaturated C5H8 moiety that serves as the building block of terpenes [13]. The functions of terpenes are far-reaching, and they can serve as anticancer, antiplasmodial, antiviral, antioxidant, anti-diabetic and antidepressant agents [14,15].



By this means, a great deal of effort has been invested in studying the chemical constituents of essential oils. Conventionally, infrared spectroscopy (IR) in combination with nuclear magnetic resonance (NMR) for assigning the stereochemistry and ultraviolet spectroscopy (UV) were considered as a convenient technique for the identification of those components [16]. However, these days, GC-MS has been extensively used to study the chemical constituents of aromatic plant species from a myriad of plant families [17,18]. GC-MS is one of the most effective techniques to unveil the underlying chemical blueprint of an essential oil [19]. Specifically, using the integrated technique of gas chromatography and mass spectrometry, the qualitative composition of the essential oil is analyzed by comparing the mass spectra with the library and further confirmed by their retention indices and fragmentation patterns.



Most of the highly valued MAPs are found in the forests and grasslands at high altitudes in northern Nepal. The conditions are extreme at higher altitudes, and the plants growing in these habitats adapt themselves to different mechanisms of metabolite synthesis [20]. They are able to bear the adverse climatic conditions through novel biosynthetic pathways, leading to the development of new molecular structure. As a result, the chemical components found in such plants are unique, multifarious, and may differ from the ones that are found in lower regions [21]. Hence, an in-depth study of these plant species is of paramount importance, as it may lead to the identification of indispensable chemical entities. However, only a limited number of studies have been carried out to explore the aromatic plants and essential oils of Nepal [22,23,24,25,26,27].



As a result, the present work aims to explore and identify the chemical entities of essential oils from the aromatic plants, especially those at higher altitudes, in Nepal. The Langtang region serves as a habitat for 172 highly valued plant species, in which almost 100 species are used for medicinal purposes [28]. Nonetheless, the accounts of aromatic plants from this region, especially that may serve as a precursor for the extraction of essential oil, has been overlooked. In this aspect, six aromatic plant species, Rhododendron anthopogon D. Don, Artemisia dubia Wall. ex Besser, Boenninghausenia albiflora (Hook.) Rchb. ex Meisn., Elsholtzia fruticosa (D. Don) Rehder, Juniperus recurva Buch.-Ham. ex D. Don and Rhododendron setosum D. Don, have been collected from a small part of the LNP in the Rasuwa district, Nepal. To the best of our knowledge, this is the first report on the study of chemical constituents of essential oil, extracted from R. setosum, and an attempt to enrich the library of chemical components that are found in the essential oil of aromatic plants from the Langtang region in Nepal.




2. Materials and Methods


2.1. Plant Collection


Aerial parts of the plant species (wild), Rhododendron anthopogon D. Don, Artemisia dubia Wall. ex Besser, Boenninghausenia albiflora (Hook.) Rchb. ex Meisn., Elsholtzia fruticosa (D. Don) Rehder, Juniperus recurva Buch.-Ham. ex D. Don and Rhododendron setosum D. Don, were collected from the Langtang region of the Rasuwa district, Nepal, in the month of September, at an altitude ranging from 2600 m to 4300 m. The collected plant species were shade-dried for two weeks. The collection of plant species, as listed in Table 1, was identified by the National Herbarium and Plant Laboratories (KATH), Nepal.




2.2. Reagents


All chemicals were commercially available and used as received without further purification. Anhydrous sodium carbonate (analytical grade) and dichloromethane (HPLC grade) were obtained from Fisher Scientific (Mumbai, India) and Merck (Mumbai, India), respectively. Eugenol, δ-3-carene, α-phellandrene, D-limonene, E-caryophyllene, p-cymene, α-pinene, β-pinene and eucalyptol were purchased from Sigma Aldrich (St. Louis, MO, USA).




2.3. Extraction of Essential Oil


Essential oil from the shade-dried plant species was extracted by means of the hydro-distillation method. About 30–40 g of the plant parts were kept in a 500-mL round bottom flask and fitted to a Clevenger apparatus [29]. The oil was extracted for 4 h and collected in a glass vial. The moisture present in the essential oil was removed by using anhydrous sodium carbonate and stored under refrigerated conditions at 4°C. The experimental design for this study has been shown in Figure 1.




2.4. GC-MS Analysis


The essential oils were analyzed by GC-MS. The GC-MS analysis was performed on a Shimadzu GC-MS-QP2010 Plus available at the Instrument Section of the Department of Plant Resources. The capillary column used for the analysis was SH-RTX-5MS (60 m × 0.32 mm × 0.25 µm) with a crossbond of 5% diphenyl/95% dimethyl polysiloxane as the stationary phase. The GC analysis was performed under the following conditions: column oven temperature, 50 °C; injection temperature, 250 °C; ion source temperature, 250 °C; interface temperature, 200 °C; split injection mode with a split ratio of 80; Helium with a pressure of 53.8 kPa; total gas flow, 112.3 mL/min; column flow, 1.35 mL/min. The GC-MS system starts with an initial oven temperature of 50 °C for 1 min, then increases to 230 °C at a rate of 3 °C for 9 min. Mass spectral detection was carried out in electron ionization mode by scanning at 40 to 350 m/z. The total time required for analyzing a single sample was 70 min.



The chemical components of the essential oils were identified by comparing their mass spectral fragmentation patterns with those in the National Institute of Standard Technology Library (NIST) 2017 and Flavor and Fragrance Natural and Synthetic Compounds (FFNSC) 4.0 library and also by comparing the retention times of the components with those of the reference compounds. The percentage of each component (Area %) is reported as raw percentages based on the total ion chromatogram (TIC) without standardization.





3. Results


The composition of essential oils obtained via hydrodistillation of leaves of Rhododendron anthopogon (AN), Artemisia dubia (AR), Boenninghausenia albiflora (BE), Elsholtzia fruticosa (EL), Juniperus recurva and Rhododendron setosum (SE) was determined by GC-MS. Figure 2, Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 show the TIC of the essential oils with peak numbers (A), extracted chromatograms of the prominent peaks with the names of the constituents (B, C), and the mass spectrum of the major constituent (C) of each essential oil. The composition of the essential oil (see the Supplementary Materials) as per the GC-MS analysis confirmed the presence of terpenoid components, mostly monoterpenes and sesquiterpenes.



Table 2, Table 3, Table 4 and Table 5 delineate the chemical constituents present in the essential oils of the plant species. Monoterpenes and sesquiterpenes formed the majority, almost 90%, of the identified components. GC-MS analysis of these oils showed that E-caryophyllene, α-pinene, γ-terpinene, β-pinene and δ-cadinene in Rhododendron anthopogon; santolina-triene, β-cubebene and sabinene in Artemisia dubia; β-myrcene, β-cubebene, E-β-ocimene and bicyclogermacrene in Boenninghausenia albiflora; perillene, eucalyptol and β-pinene in Elsholtzia fruticosa; δ-3-carene, cadina-1(6),4-diene and δ-cadinene in Juniperus recurva; trans-sabinyl acetate, sabinene, α-elemol and germacrene D in Rhododendron setosum are the principal components.



Table 2 represents the qualitative composition of monoterpenes present in the essential oil. The number of monoterpenes dominated the constituents present in the essential oil. Where 82.55% from Elsholtzia (EL), 71.01% from Juniperus (JL), 57.56% from Artemisia (AR), 53.65% from Anthopogon (AN) and 53.22% from Boenninghausenia (BE) constituted only the monoterpene hydrocarbons, except in R. setosum (SE), where the monoterpenes comprised 32.7% of the whole essential oil with sabinene (18.67%) as the major component. In a similar manner, α–pinene (14.95%) and γ-terpinene (12.16%) in Anthopogon, santolina-triene (21.82%) and β-pinene (12.30%) in Artemisia, β-myrcene (27.04%) in Boenninghausenia, perillene (31.74%) and eucalyptol (23.27%) in Elsholtzia and δ-3-carene (43.88%) in Juniperus served as the most abundant monoterpenoid components.



The qualitative composition of monoterpenoid esters, alcohols and pregeijerene B has been given in Table 3. Compared to monoterpene hydrocarbons, the amount of oxygenated monoterpenes is remarkably low. The most common alcoholic component is terpinen-4-ol, ranging from 0.58% in Boenninghausenia to 2.58% in Setosum. The highest number of monoterpene alcohols were present in Elsholtzia (5.36%), consisting of 0.97% 1-octen-3-ol acetate, 1.74% terpinen-4-ol, 0.75% trans-pinocarveol and 1.90% α –terpineol. Moreover, it also contained 0.78% eugenol. Likewise, 24.11% trans-sabinyl acetate in Setosum, 4.18% citronellyl acetate in Anthopogon, 1.48% lavandulyl acetate in Artemisia constituted the monoterpenoid ester. Similarly, the hydrocarbon pregeijerene B was found only in Juniperus oils.



Table 4 depicts the compositional variation of sesquiterpenes present in the essential oils. E-caryophyllene, α-humulene, γ-muurolene, γ-cadinene and δ-cadinene were some of the common sesquiterpenes present in the essential oil. The highest number of sesquiterpenes was present in Boenninghausenia (41.38%), consisting mainly of β-cubebene (18.26%), bicyclogermacrene (6.17%) and E-caryophyllene (5.79%). Likewise, 37.67%, 34.07%, 28.2% and 23.52% of sesquiterpenes constituted the essential oils of Artemisia, Anthopogon, Setosum and Juniperus, respectively. Wherein, β-cubebene (21.77%) in Artemisia, E-caryophyllene (14.63%) in Anthopogon, germacrene D (7.67%) in Setosum and cadina-1(6),4-diene (11.41%) in Juniperus formed the major sesquiterpenes.



Correspondingly, Table 5 enumerates the oxygenated sesquiterpenes and a diterpene, m-camphorene, obtained via GC-MS analysis of the essential oils. The composition of sesquiterpene esters and alcohol, such as oxygenated monoterpenes, was considerably low. α-elemol, E-nerolidol, citronellyl valerate, epicubenol, γ-eudesmol, τ-cadinol and α-muurolol are some of the components identified in the extracted essential oils. Combinedly, the amount of these compounds varied from 2.04% in Artemisia, 4.36% in Boenninghausenia, 5.2% in Juniperus, 8.12% in Anthopogon, and 12.42% in Setosum. α-elemol formed the most abundant sesquiterpene alcohol, ranging from 1.01% in Juniperus to 10.01% in Setosum. In a similar manner, 0.45% m-camphorene, a diterpene hydrocarbon, was also identified in the essential oil of Boenninghausenia.




4. Discussion


GC-MS analysis of the essential oils from the six aromatic plant species showed that these oils were abundant in monoterpenes and sesquiterpenes. However, the qualitative composition of the essential oil from the current study has shown that there are significant differences from the previously published reports. As shown in Table 2–Table 5, a total of 22 compounds were identified from the leaves of R. anthopogon (AN) essential oils. The oil is mainly composed of E-caryophyllene (14.63%), α-pinene (14.25%), γ-terpinene (12.16%), β-pinene (7.44%), Z-β-ocimene (7.25%), δ-cadinene (6.70%), γ-cadinene (3.32%), α–muurolol (3.17%), γ-eudesmol (3.00%), β-farnesene (3.01%), β-myrcene (4.65%), citronellyl acetate (4.18%), D-limonene (2.68%), α-humulene (1.97%), citronellyl valerate (1.95%) and α-muurolene (1.90%) with other minor constituents (<1.9%). On the contrary, two separate studies with plant materials collected from the Dolakha district [22] and the Dhankuta district [23] of Nepal reported the oils to be highly rich in α-pinene. Innocenti et al. [22] had reported 17 compounds from the oil of aerial parts (leaves and flowers) of R. anthopogon with α-pinene (37.4%), β-pinene (16.1%), limonene (13.3%) and δ-cadinene (9.1%) as the major constituents. Likewise, Dosoky et al. [23] had identified 70 volatile components from the leaves essential oil of R. anthopogon, and the major constituents in their study were α-pinene (21.5%), δ-cadinene (13.8%) and β-pinene (9.5%). Similarly, E-caryophyllene (11.6%), limonene (11.3%), and α-humulene (7.2%) were relatively abundant in the oil extracted from the leaves of R. anthopogon, India [30], further confirming the variation in the composition of the essential oil.



Furthermore, the composition of the essential oil from R. anthopogon is also different from the leaf essential oil of Rhododendron lepidotum collected from the Makwanpur district, Nepal [24] and Rhododendron setosum (presented in the current work). Joshi et al. [24] have reported 21 components with α-pinene (39.35%), β-pinene (13.82%), E-caryophyllene (9.79%) and δ-cadinene (9.40%) as the chief components from the essential oil of R. lepidotum. From the leaf essential oil of R. setosum (SE, Table 2–Table 5), 20 components have been identified. Setosum oil is mainly composed of trans-sabinyl acetate (24.11%), sabinene (18.67%), α-elemol (10.01%), germacrene D (7.67%), δ-cadinene (7.51%), α-thujene (6.62%) and bicyclogermacrene (4.16%), with other minor components (<3.0%). This is the first attempt to study the chemical composition of essential oil from R. setosum, and the constituents are remarkably different from the essential oil of other reported Rhododendron spp. [31,32,33,34,35,36,37].



Similar variations in the chemical composition were also observed in the essential oil obtained from Artemisia dubia. In the current study, a total of 18 components were identified in the essential oil of the leaves of Artemisia dubia (AR, Table 2–Table 5). The oil is mainly composed of santolina-triene (21.82%), β-cubebene (21.77%), β-pinene (12.30%), sabinene (11.13%), α-pinene (8.90%), E-caryophyllene (4.65%), bicyclogermacrene (3.15%), α-humulene (2.23%), E-nerolidol (2.04%), lavandulyl acetate (1.48%) and other minor constituents (<1.40%). These components are notably different from the earlier reports. Satyal et al. [26] reported chrysanthenone (29.0%), coumarin (18.3%), and camphor (16.4%) as the chief constituents from the leaf essential oil of A. dubia collected from Kathmandu, Nepal. Kim [38] identified fifty-eight components from the leaf oil (Seoul, Korea), and the oil was found to be rich in camphor (17.18%) and germacrene-D (15.70%). Likewise, Liang et al. [39] reported terpinolene (19.02%), limonene (17.40%), 2,5-etheno [4.2.2]propella3,7,9-triene (11.29%) and isoelemicin (11.05%) from the leaf essential oil (China), and Shameem et al. [40], from the flower essential oil (Kashmir, India), identified nerylisovalerate (9.79%), 1,8-cineole (8.32%), neryl-2-methyl-butanoate (7.32%) and chamazulene (5.92%) as the major constituents.



Twenty-four components were identified from the leaf essential oil of Boenninghausenia albiflora (BE, Table 2–Table 5). β-myrcene (27.04%), β-cubebene (18.26%), E-β-ocimene (8.95%), bicyclogermacrene (6.17%), E-caryophyllene (5.79%), Z-β-ocimene (4.05%) and δ-cadinene (3.62%) were the major constituents. A similar result, the presence of β-myrcene and E-caryophyllene, was also reported in the analysis of essential oils from leaves and aerial parts collected from India [41,42]. Padalia et al. [41] identified eighty-one components from the leaf and root essential oils, which are mainly composed of β-myrcene (23.9%), (Z)-β-guaiene (12.1%), (Z)-β-ocimene (10.1%), E-caryophyllene (7.9%) in the leaf and bicyclogermacrene (25.2%), α-terpinyl acetate (19.9%), and geijerene (7.9%) in the root. Similarly, the same group has also been reported to contain β-myrcene (2.09–26.11%), β-pinene (8.36–13.77%), germacrene D (4.18–18.21%), epi-α-cadinol (0.14–16.25%), β -caryophyllene (4.62–13.14%), globulol (0.26–9.22%), and β-copaene-4 α-ol (0.14–7.52%) as the main components in the essential oil of aerial parts grown at various stages [42].



Likewise, the qualitative composition of the essential oil of Elsholtzia fruticosa (EL, Table 2, Table 3, Table 4 and Table 5) was also found to be slightly similar to a couple of previous works where perillene and eucalyptol formed the major components [43,44]. In our study, 21 components have been identified, which are mainly composed of perillene (32.29%), eucalyptol (23.67%), β-pinene (13.59%) and E-caryophyllene (5.48%). Thappa et al. [43] have also reported perillene (20.5%) as the prime component along with 1,8-cineole (18.0%) and terpinen-4-ol (12.6%) from the oil of the aerial parts of E. fruticosa (Himalayan region). However, in a separate study carried out by Liang et al., perillene was not found to be present in the oil of the aerial parts of E. fruticosa [44]. Rather, the oil was highly rich in eucalyptol (40.1%), γ-terpinene (15.8%), limonene (9.3%) and β-pinene (5.2%). In their recent studies, Fusani et al. [45] have shown that the essential oils obtained from the cultivated plant species were highly abundant with 1,8-cineole (50.06%) and γ-terpinene (14.11%), showing the variation in composition from the wild plant species. To the best of our knowledge, there have not been any previous reports on the studies of the essential oils of B. albiflora and E. fruticosa from Nepal. This is the first attempt to analyze the essential oil from this region.



The composition of essential oil from the leaves of Juniperus recurva has also shown some similarities with the previous report [46]. Adams et al. [46] had compared the components in the oil of Juniperus recurva from Nepal to Juniperus recurva var. squamata and Juniperus recurva from India. The Nepalese variety was rich in δ-3-carene (23.7%), limonene (18.4%), sabinene (13.4%) and α-pinene (6.9%), and had a similar composition to Juniperus recurva var. squamata than to Juniperus recurva from India. On a similar note, the essential oil from our present study (JL, Table 2–Table 5) was also significantly rich in δ-3-carene (43.88%). However, on the contrary, sabinene and limonene were present in the trace to slight amounts. Instead, the oil in the present study was composed of β-pinene (13.59%), cadina-1(6),4-diene (11.41%), δ-cadinene (7.57%) and α-terpinolene (7.24%) to greater extent. Hence, the differences in the chemical composition of the essential oils might have been due to the difference in time period of collection, geographical location and altitude, parts of the plant used for extraction and nature of the plant species (wild or cultivated).




5. Conclusions


In summary, six aromatic plants were collected from the Langtang region. The essential oils were extracted from the leaves of these plant species by the hydrodistillation method. GC-MS analysis of these oils suggested that they were rich in mono- and sesqui-terpene hydrocarbons. The essential oil contents and compositions were significantly different from the earlier reports. This might be due to the difference in time period of collection, geographical location and altitude, parts of the plant used for extraction and nature of the plant species. This is the first report on the chemical composition of R. setosum essential oil, which is mainly composed of trans-sabinyl acetate, sabinene, α-elemol, germacrene D, δ-cadinene, α-thujene and bicyclogermacrene. The constituents are remarkably different from the essential oils of other reported Rhododendron spp. and should be screened further for their biological properties. Langtang region harbors a plethora of MAPs, and hence it is highly essential to conduct extensive studies for identifying their chemical and biological properties.
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Figure 1. Experimental design for the GC-MS analysis of essential oils. 
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Figure 2. TIC of essential oil from Rhododendron anthopogon (A), Inset: Extracted chromatogram from RT 12–20 min (B) and 32–42 min (C) and mass spectrum of Peak #2 (α–pinene) (D). 
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Figure 3. TIC of essential oil from Artemisia dubia (A), Inset: Extracted chromatogram from RT 11–20 min (B) and 35–44 min (C) and mass spectrum of Peak #1 (santolina-triene) (D). 
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Figure 4. TIC of essential oil from Boenninghausenia albiflora (A), Inset: Extracted chromatogram from RT 11–22 min (B) and 35–45 min (C) and mass spectrum of Peak #5 (β-myrcene) (D). 
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Figure 5. TIC of essential oil from Elsholtzia fruticosa (A), Inset: Extracted chromatogram from RT 12–26 min (B) and 35–40 min (C) and mass spectrum of Peak #11 (Perillene) (D). 
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Figure 6. TIC of essential oil from leaves of Juniperus recurva (A), Inset: Extracted chromatogram from RT 11–30 min (B) and 37–45 min (C) and mass spectrum of Peak #13 (cadina-1(6),4-diene (D). 
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Figure 7. TIC of essential oil from Rhododendron setosum (A), Inset: Extracted chromatogram from RT 11–31 min (B) and 35–45 min (C) and mass spectrum of Peak #9 (trans-sabinyl acetate) (D). 






Figure 7. TIC of essential oil from Rhododendron setosum (A), Inset: Extracted chromatogram from RT 11–31 min (B) and 35–45 min (C) and mass spectrum of Peak #9 (trans-sabinyl acetate) (D).
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Table 1. List of collected plant species.






Table 1. List of collected plant species.





	S.N.
	Name
	Family
	Parts Used for Extraction
	Sample Code
	Location
	Altitude (m)





	1.
	Elsholtzia fruticosa (D. Don) Rehder
	Lamiaceae
	Leaves
	EL
	Deurali, Rasuwa
	2675



	2.
	Boenninghausenia albiflora (Hook.) Rchb. ex Meisn.
	Rutaceae
	Leaves
	BE
	Deurali to Dhimsa
	2760



	3
	Artemisia dubia Wall. ex Besser
	Asteraceae
	Leaves
	AR
	Chandanbari to Cholangpati
	3333



	4
	Rhododendron anthopogon D. Don
	Ericaceae
	Leaves
	AN
	Lauribina hills
	3964



	5
	Juniperus recurva Buch.-Ham. ex D. Don
	Cupressaceae
	Leaves
	JL
	Lauribina hills
	3964



	6
	Rhododendron setosum D. Don
	Ericaceae
	Leaves
	SE
	Lauribina to Gosainkunda
	4280
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Table 2. Qualitative composition (area %) of monoterpenes in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).






Table 2. Qualitative composition (area %) of monoterpenes in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).





	
S.N.

	
Components

	
Composition (Area %)




	
AN

	
AR

	
BE

	
EL

	
JL

	
SE






	
1

	
Santolina triene

	
-

	
21.82

	
-

	
-

	
-

	
-




	
2

	
α-thujene

	
1.38

	
1.23

	
0.54

	
0.47

	
0.31

	
6.62




	
3

	
α -pinene

	
14.25

	
8.90

	
0.81

	
2.98

	
6.53

	
1.37




	
4

	
α -fenchene

	
-

	
-

	
-

	
-

	
4.20

	
-




	
5

	
Sabinene

	
-

	
11.13

	
5.02

	
-

	
0.04

	
18.67




	
6

	
β-pinene

	
7.44

	
12.30

	
3.56

	
13.59

	
0.53

	
0.93




	
7

	
β-myrcene

	
4.65

	
0.59

	
27.04

	
0.83

	
1.80

	
1.69




	
8

	
δ-3-carene

	
-

	
-

	
-

	
-

	
43.88

	
-




	
9

	
α -terpinene

	
-

	
-

	
0.20

	
0.85

	
-

	
0.84




	
10

	
p-cymene

	
0.95

	
-

	
-

	
0.78

	
-

	
-




	
11

	
Sylvestrene

	
-

	
-

	
-

	
-

	
0.88

	
-




	
12

	
D-Limonene

	
2.68

	
0.69

	
-

	
1.68

	
5.60

	




	
13

	
Eucalyptol

	
-

	
-

	
0.86

	
23.67

	
-

	
-




	
14

	
Z-β-ocimene

	
7.25

	
-

	
4.05

	

	
-

	
-




	
15

	
E-β-ocimene

	
1.62

	
-

	
8.95

	
2.46

	
-

	
-




	
16

	
γ-terpinene

	
12.16

	
0.90

	
0.46

	
2.95

	
-

	
2.58




	
17

	
α -terpinolene

	
1.27

	
-

	
-

	
-

	
7.24

	
-




	
18

	
Perillene

	
-

	
-

	
1.73

	
32.29

	
-

	
-




	

	
Total

	
53.65

	
57.56

	
53.22

	
82.55

	
71.01

	
32.7
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Table 3. Qualitative composition (area %) of esters, alcohols, pregeijerene B and phenolic compounds in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).






Table 3. Qualitative composition (area %) of esters, alcohols, pregeijerene B and phenolic compounds in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).





	
S.N.

	
Components

	
Composition (Area %)




	
AN

	
AR

	
BE

	
EL

	
JL

	
SE






	
Alcohols




	
1

	
1-Octen-3-ol, acetate

	
-

	
-

	
-

	
0.97

	
-

	
-




	
2

	
Terpinen-4-ol

	
-

	
1.25

	
0.58

	
1.74

	
-

	
2.58




	
3

	
Trans-pinocarveol

	
-

	
-

	
-

	
0.75

	
-

	
-




	
4

	
α-terpineol

	
-

	

	
-

	
1.90

	
-

	
-




	

	
Total

	
-

	
1.24

	
0.58

	
5.36

	
-

	
2.58




	
5

	
Pregeijerene B

	
-

	
-

	
-

	
-

	
0.30

	
-




	

	
Total

	

	

	

	

	
0.30

	




	
Esters




	
6

	
Lavandulyl acetate

	
-

	
1.48

	
-

	
-

	
-

	
-




	
7

	
Trans-sabinyl acetate

	
-

	
-

	
-

	
-

	
-

	
24.11




	
8

	
Citronellyl acetate

	
4.18

	
-

	
-

	
-

	
-

	
-




	

	
Total

	
4.18

	
1.48

	
-

	
-

	
-

	
24.11




	
Phenolic Compounds




	
9

	
Eugenol

	
-

	
-

	
-

	
0.78

	
-

	
-




	

	
Total

	

	

	

	
0.78
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Table 4. Qualitative composition (area %) of Sesquiterpenes in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).






Table 4. Qualitative composition (area %) of Sesquiterpenes in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).





	
S.N.

	
Component

	
Composition (Area %)




	
AN

	
AR

	
BE

	
EL

	
JL

	
SE






	
1

	
α-cubebene

	
-

	
-

	
0.43

	
-

	
0.84

	
-




	
2

	
Copaene

	
0.92

	
-

	
-

	
-

	
-

	
-




	
3

	
(-)-β-bourbonene

	
-

	
-

	
1.41

	
-

	
-

	
1.27




	
4

	
β-elemene

	
-

	
-

	
-

	
-

	
-

	
0.81




	
5

	
E-Caryophyllene

	
14.63

	
4.65

	
5.79

	
5.48

	
-

	
1.33




	
6

	
E-β-farnesene

	
3.01

	
-

	
-

	
-

	
-

	
-




	
7

	
α-humulene

	
1.97

	
2.23

	
2.29

	
1.09

	
-

	
1.20




	
8

	
Cadina-1(6),4-diene

	
-

	
-

	
-

	
-

	
11.41

	
-




	
9

	
γ-curcumene

	
-

	
-

	
-

	
2.33

	
-

	
-




	
10

	
γ-muurolene

	
1.62

	
1.33

	
1.86

	
-

	
-

	
1.66




	
11

	
Germacrene D

	
-

	
-

	
-

	
-

	
-

	
7.67




	
12

	
β-cubebene

	
-

	
21.77

	
18.26

	
-

	
-

	
-




	
13

	
β-selinene

	
-

	
3.55

	
-

	
-

	
-

	
-




	
14

	
γ-amorphene

	
-

	
-

	
-

	
-

	
0.20

	
-




	
15

	
Viridiflorene

	
-

	
-

	
-

	
0.93

	
-

	
-




	
16

	
Bicyclogermacrene

	
-

	
3.15

	
6.17

	
-

	
-

	
4.16




	
17

	
α-muurolene

	
1.90

	
-

	
-

	
-

	
1.10

	
-




	
18

	
γ-cadinene

	
3.32

	
0.99

	
1.55

	
-

	
-

	
2.59




	
19

	
δ-cadinene

	
6.70

	
-

	
3.62

	
1.42

	
7.57

	
7.51




	
20

	
Zonarene

	
-

	
-

	
-

	
-

	
2.60

	
-




	

	
Total

	
34.07

	
37.67

	
41.38

	
11.25

	
23.72

	
28.2
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Table 5. Qualitative composition (area %) of sesquiterpene esters and alcohols and diterpene in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).






Table 5. Qualitative composition (area %) of sesquiterpene esters and alcohols and diterpene in the essential oils from Anthopogon (AN), Artemisia (AR), Boenninghausenia (BE), Elsholtzia (EL), Juniperus (JL) and Setosum (SE).





	
S.N.

	
Component

	
Composition (Area %)

	




	
AN

	
AR

	
BE

	
EL

	
JL

	
SE






	
1

	
α-elemol

	
-

	
-

	
-

	
-

	
1.01

	
10.01




	
2

	
E-Nerolidol

	
-

	
2.04

	
2.42

	
-

	
-

	
-




	
3

	
Citronellyl valerate

	
1.95

	
-

	
-

	
-

	
-

	
-




	
4

	
Epicubenol

	
-

	
-

	
-

	
-

	
4.19

	
-




	
5

	
γ-eudesmol

	
3.00

	
-

	
-

	
-

	
-

	
2.41




	
6

	
τ-cadinol

	
-

	
-

	
1.94

	
-

	
-

	
-




	
7

	
α -muurolol

	
3.17

	
-

	
-

	
-

	
-

	
-




	
8

	
m-camphorene

	
-

	
-

	
0.45

	
-

	
-

	
-




	

	
Total

	
8.12

	
2.04

	
4.81

	
-

	
5.2

	
12.42
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