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Abstract
Datura stramonium L. is a widely distributed medicinal plant traditionally recognized for its therapeutic properties, largely attributed to its rich content of secondary metabolites. This study provides a comparative gas chromatography–mass spectrometry (GC-MS) profiling of essential oils extracted from the leaves, flowers, and fruits of D. stramonium. Plant materials were subjected to hydro-distillation using a Clevenger apparatus, and the resulting oils were analyzed by GC-MS. The essential oil from the flowers revealed 51 compounds, with azulene (15.82%) and phytol (7.74%) as prominent constituents. The leaf oil, comparatively less complex, contained 9 compounds, predominantly phytol (67.23%) and boranamine derivatives (6.86%). The fruit oil revealed 12 compunds that are rich in long-chain saturated hydrocarbons, particularly tricosane (40.10%), heneicosane (30.55%), and docosane (11.55%). These results demonstrate considerable variation in essential oil composition among the different plant parts, suggesting that each organ harbors a unique set of biosynthetic processes contributing to specialized functions. This comparative chemical profiling enhances the understanding of D. stramonium’s volatile constituents and supports the rationale for targeted utilization of specific plant parts in phytochemical, industrial, and pharmacognostic applications. Future work should explore the biological activities of these individual oils and their major constituents in vitro and in vivo to validate and expand their potential applications in medicine, cosmeceuticals, and natural product industries.
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INTRODUCTION
Essential oils derived from medicinal plants constitute a rich source of biologically active compounds with extensive pharmacological and industrial applications. Comprising predominantly terpenoids, aliphatic alcohols, aldehydes, and hydrocarbons, these volatile oils play crucial roles in plant defense and offer therapeutic benefits such as antimicrobial, antioxidant, anti-inflammatory, and anticancer properties (Bakkali et al., 2008; Raut & Karuppayil, 2014).
Datura stramonium L., commonly known as Jimson weed or thorn apple, is a fast-growing annual herb belonging to the Solanaceae family. It is widespread in tropical and subtropical regions and holds deep ethnobotanical significance. Traditionally, different parts of D. stramonium have been used for managing a variety of ailments. The leaves are applied topically to wounds and rheumatic swellings and are also inhaled or consumed for asthma, fever, and pain relief (Soni et al., 2012). The leaves of D. stromonium L. are used for the relief of headache
and vapours of leaf infusion is used to relive the pain of rheumatism and gout. The smoke from the burning leaf is inhaled for the relief of asthma and bronchitis (Soni et al., 2012). Seeds and leaves of D. stramonium were used to sedate hysterical and psychotic patients, also to treat insomnia (Pandey et al., 2011). The seeds of Datura possess analgesic, anthelmintic, and anti-inflammatory properties, and are therefore used in the treatment of stomach and intestinal pain caused by worm infestations, as well as toothache and inflammation-induced fever (Pandya et al., 2019). The juice extracted from the fruit is applied to the scalp for the treatment of dandruff and hair loss (Pandya et al., 2019). 
The distribution of volatile constituents in plants is known to be organ-specific, with flowers, fruits, and leaves often exhibiting distinct chemical signatures due to differences in their biosynthetic pathways (Pandey et al., 2017). To accurately identify and compare these organ-specific volatiles, Gas Chromatography–Mass Spectrometry (GC-MS) remains the most effective and widely used analytical tool, as it combines the high-resolution separation capabilities of gas chromatography with the precise structural identification power of mass spectrometry. This technique is particularly well-suited for essential oil analysis due to its sensitivity, reproducibility, and ability to resolve complex mixtures of thermally stable, low molecular weight compounds (Adams & Sparkman, 2007). GC-MS not only enables qualitative identification through comparison with spectral libraries but also allows for semi-quantitative estimation of each component, offering a comprehensive chemical fingerprint of the oil extract.
Despite the recognized value of GC-MS in essential oil research and the ethnomedical relevance of D. stramonium, no previous study has comparatively analyzed the essential oil composition of its leaves, flowers, and fruits using this technique. 
Hence, the present study aims to conduct a comparative GC-MS profiling of essential oils obtained from the leaves, flowers, and fruits of Datura stramonium. The goal is to identify and characterize the bioactive constituents in each plant part, evaluate their pharmacological relevance based on existing literature, and provide insight into their potential for use in drug development, traditional medicine, and natural product formulation.
MATERIALS AND METHODS
Plant Collection and Identification
Fresh leaves, flowers, and fruits of Datura stramonium were collected from Rivers State, Nigeria. The plant was identified and authenticated at the Department of Microbiology, Rivers State University, Port-Harcourt. The plant parts were dried to a constant weight to avoid decay during storage. The leaves were air-dried for 7 days, the flowers took 9 days to dry, and the fruits dried for 17 days. The dried plant parts were then pulverised to powder using a blender.
Extraction of Essential Oil
Essential oils from the leaves, fruits and flowers of Datura stramonium were extracted by hydro distillation using the Clevenger-like apparatus according to the method used by Khajeh et al (2005) and Okoh et al, (2010) but with slight modifications. Fresh plant parts sample was chopped in smaller pieces to allow it fit into the flask. Into a 2L round bottom flask, 200g of the chopped plant sample and 500mL of distilled water were added. The flask was placed on a 2L heating mantle connected to the Clevenger apparatus and a condenser to allow for the condensation of the essential oil. The temperature was set to 140oC for four hours. At the end of the distillation, two phases were observed, the aromatic water (aqueous phase) at the bottom and a thin organic phase (essential oil) at the top. The essential oil was collected and dried under anhydrous sodium sulphate and stored in tightly sealed amber vial and stored in a refrigerator at 4oC. The oil was further used for gas chromatographic analysis and repellence studies. 
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
GC analysis on the essential oil extracts were carried out using Agilent 7890A-5975C GC system with a HP5-column capillary column (30m x 0.25mm x 0.25µm). Helium was used as the carrier gas with a constant flow rate of 1mL/min. The Injection volume was 0.5µl with split ratio = 10:1 and Injector temperature 250oC. The ion source temperature 2 was 80oC. The Oven temperature was programmed as follows: Initial 110oC (hold 2mins); a gradual temperature increase, from 110oC to 200oC at 15oC/min; 200oC to 280oC at 15oC/min (hold 4mins).  The mass spectra were taken at 70 eV operating in electron impact mode at 70eV; Identification of mass spectrum GC-MS was conducted using the NIST08 MS library (National Institute of Standards and Technology), Gaithersburg, MD, USA and by comparing the retention indices (RIs) with some literature values (Obistioiu et al 2014; Choi et al 2014; Wang et al, 2018). Each constituent was represented in percentage composition.
RESULTS AND DISCUSSION
The GCMS analysis of essential oil constituents of D. stramonium leaves, flowers, fruits and stems extracted by hydro distillation revealed the presence of bioactive compounds. The composition of these oils with their retention time (RT), molecular formula, molecular weight (MW), and composition percentage are tabulated in tables 1, 2 and 3. The compounds listed in order of their elution included monoterpenes, oxygenated monoterpenes, sesquiterpene, oxygenated sesquiterpene, and alicyclic compounds. These classes of compounds have been widely associated with diverse biological properties.
Chemical Composition of essential oils from Datura stramonium Leaves
The essential oil from D. stramonium leaves obtained by hydro distillation was colourless and had a rank odour. The average yield of the essential oil was 0.30%w/w of fresh leaves. The chemical composition of the oil is presented in Table 1. A total of nine (9) chemical constituents were found, the major components were phytol (67.23%), and 1-ethyl-N,N-dimethyl-1-(1-methyl-2-propenyl)- Boranamine,  (6.86%) and Hexanedioic acid, bis (2-ethylhexyl) ester (68.86%). Other components in D. stramonium leaves essential oil were higher alkanes and alcohols. These compounds exhibit a broad spectrum of biological effects, ranging from antimicrobial and anti-inflammatory to antioxidant and neuropharmacological activities.
Phytol, a diterpene alcohol and the most abundant compound in the leaf oil, is a well-characterized bioactive molecule known for its antioxidant, anti-inflammatory, antinociceptive, antimicrobial, antischistosomal, and anticancer activities (de Moraes et al., 2014). It also acts as a precursor in the biosynthesis of vitamin E (tocopherols) and vitamin K1 (phylloquinone) and has been reported to modulate GABAergic transmission, contributing to its anxiolytic and sedative effects (Costa et al., 2014). Its high abundance suggests that D. stramonium leaves could be a valuable source of phytol for pharmaceutical and nutraceutical applications.
1-Decanol and 1-Nonanol, these long-chain primary alcohols have shown antibacterial and antifungal activity, attributed to their ability to disrupt microbial membranes (Paduch et al., 2007; Sikkema et al., 1995). 1-Decanol is known to inhibit Gram-positive bacteria like Staphylococcus aureus, while 1-nonanol is effective against fungal strains such as Candida albicans.
1-ethyl-N,N-dimethyl-1-(1-methyl-2-propenyl)- Boranamine which belongs to organoboron compounds, although less explored in natural products research, have emerged as promising pharmacophores in medicinal chemistry. Their analogs have shown antitumor, antimicrobial, and enzyme-inhibiting effects, particularly in the context of boron-based proteasome inhibitors like bortezomib (Baker et al., 2011). The presence of this boranamine derivative in D. stramonium leaf oil may suggest potential for novel biological interactions and merits further bioassay-guided investigation. Cyclotetradecane, although primarily considered a structural hydrocarbon, cyclotetradecane has been reported in other essential oils with modest antibacterial properties and could contribute to the physical stability of the oil or facilitate absorption of more active components (Raveau et al., 2020).
Table 1: Chemical Composition of essential oils from Datura stramonium Leaves
	S/N
	RT
/min
	COMPONENT
	FORMULA
	MW
/g/mol
	composition
/%

	1
	3.639  
	1-Nonanol
	C9H20O
	144
	2.48

	2
	4.265  
	1-Decanol
	C10H22O
	158
	4.96

	3
	7.238  
	1-Hexadecyne
	C16H30
	222
	3.01

	4
	7.429  
	Cyclotetradecane
	C14H28
	196
	3.04

	5
	8.340  
	Heneicosane
	C21H44
	296
	2.35

	6
	8.441 
	Phytol
	C20H40O
	296
	67.23

	7
	8.557  
	Boranamine, 1-ethyl-N,N-dimethyl-1-(1-methyl-2-propenyl)-
	C8H18BN
	139
	6.86

	8
	9.172  
	Eicosane
	C20H42
	282
	3.22

	9
	9.618  
	Hexanedioic acid, bis (2-ethylhexyl) ester
	C22H42O4
	370
	6.86
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Fig 1: GC-MS chromatogram for Essential Oil from D. stramonium Leaves
Chemical Composition of Essential Oil from Flower of Datura stramonium
The essential oil from D. stramonium flower obtained by hydro distillation was colourless and possessed an aromatic odour. The average yield of the essential oil was 0.23%w/w of flower. The chemical composition of the oil is presented in Table 2. A total of 51 chemical constituents were identified. The major components were azulene (15.82%), phytol (7.74%), Eicosane (7.92%), Triflouroacetyl-lavanduol (5.4%) and 1H-Indene-2,3-dihydro-1,6-dimethyL- (5.58%). The essential oil was characterized by a total of 6 monoterpenes representing 24.67%, 3 oxygenated monoterpenes representing 1.89%, 8 sesquiterpenes representing 13.94%, 27 oxygenated sesquiterpenes, representing 34.83%, and 12 other compounds which include alkanes alcohols and esters representing 23.67%.
Azulene, A prominent sesquiterpene hydrocarbon, azulene and its derivatives (e.g., guaiazulene) are well known for their anti-inflammatory, anti‑itch, and photoprotective activities (Slon et al., 2024). It is also known for its anti-cancer, antipyretic, analgesic, and platelet-inhibitory properties that act by blocking the synthesis of prostaglandins by inhibiting cyclooxygenase, which converts arachidonic acid to cyclic endoperoxides, precursors of prostaglandins (Wada et. al., 2018). They are often included in dermatological formulations to soothe irritated skin and reduce redness. Clinical studies affirm their efficacy in treating skin conditions such as atopic dermatitis and UV-induced inflammation (Slon et al., 2024). 
1H-Indene, 2,3-dihydro-1,6-dimethyL- is a bicyclic compound that has been found in urban waste disposal bins (Statheropoulos, et al.2005), amongst VOC,s from human breath (Phillips et al 1999). The 2,3-dihydro-1H-indene derivatives however possesses some medicinal proprieties, they are used in the treatment of hypoxic symptoms, amnesia, presbyophrenia, for breathing arrest and improving agents for hypoxia accompanied with potassium cyanide poisoning, they are also useful an anti-inflammatory agents and hypotensive agents (Oshiro et al 1993).
The second most abundant constituent was eicosane (7.8%). It is a C20 aliphatic hydrocarbon found in petroleum products and is not toxic to animals (Baek, et al 2004). Eicosane however has been found to be produced from Streptomyces strain KX852460 and tested to have bioactive antifungal activities against target spot disease in tobacco leaves (Karanja et al. 2012; Ahsan et al. 2017).
Nerolidol (3,7,11-trimethyl-1,6,10-dodecatrien-3-ol), also known as peruviol, is a naturally occurring sesquiterpene alcohol and it is commonly found in a variety of plant essential oils and is characterized by a mild floral aroma, which likely contributes to the distinctive scent of D. stramonium flowers (Lapczynski et al., 2008; Ferreira et al., 2012). Beyond its fragrance, nerolidol is pharmacologically significant and has been attributed to several biological activities in both in vitro and in vivo studies. These include antioxidant activity (Vinholes et al 2014), broad-spectrum antimicrobial (Simões et al 2008 and Park et al 2009), antiulcer (Klopell et al 2007), anticancer (Ryabchenko et al 2008), antinociceptive (Pinheiro et al 2011), anti-inflammatory (Lima et al 2012), pediculicidal/ ovicidal (Abdel-Rahman et al 2013) and acaricidal (Araújo et al., 2012).
1,3,5-reimethylbenzene which is an aromatic hydrocarbon used in the synthesis of some di- and tri-nucleating ligands and 2- methylbutynylbenzene which is known to possess antimicrobial activities (Hashem and Wahba, 2000; Rahman et al 2017)
β‑Caryophyllene, this bicyclic sesquiterpene is notable for being the first dietary cannabinoid with selective CB₂ receptor agonist activity. It exerts anti-inflammatory, analgesic, and organ-protective effects without psychoactivity, and shows promise in preclinical models of colitis, neuropathic pain, and periodontal inflammation (Jha et al., 2021).
Table 2: Chemical Composition of essential oil from flower of Datura stramonium 
	S/N
	RT
/min
	COMPONENT
	FORMULA
	MW
/g/mol
	composition 
%

	1
	3.658  
	Naphthalene, 1,2,3,4-tetrahydro-
	C10H4Cl4
	264
	2.54

	2
	3.710  
	Benzene, (1,1-dimethylpropyl)-
	C11H16
	148
	1.52

	3
	3.812 
	Azulene
	C10H8
	128
	15.82

	4
	3.875  
	1H-Indene, 2,3-dihydro-1,6-dimethyL-
	C11H14
	146
	9.02

	5
	3.935  
	1-methyl-4-(1-methylethyl)-benzene
	C11H16
	148
	0.74

	6
	3.992  
	6-Methyl-4-indanol
	C10H12O
	148
	0.73

	7
	4.022  
	Benzene, 1,3,5-triethyl- 
	C12H18
	162
	1.10

	8
	4.093  
	Benzene, (2-methyl-1-butenyl)-
	C11H14
	146
	1.85

	9
	4.336  
	Benzene, 1-(2-butenyl)-2,3-dimethyl-
	C12H16
	160
	0.41

	10
	4.381  
	6-Methyl-4-indanol
	C10H12O
	146
	0.41

	11
	4.490  
	Naphthalene, 2-methyl-
	C11H10
	142
	0.37

	12
	5.352  
	Caryophyllene
	C15H24
	204
	3.75

	13
	5.562  
	3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-, (E)-
	C13H20O
	192
	0.49

	14
	5.652  
	Phenol, 2,4-bis(1,1-dimethylethyl)
	C14H22O
	206
	0.34

	15
	5.911  
	Nerolidol
	C15H26O
	222
	2.48

	16
	6.005  
	Trifluoroacetyl-lavandulol
	C12H17F3O2
	250
	5.54

	17
	6.473  
	2-Naphthalenemethanol, 2,3,4,4a,5,6,7,8-octahydro-α,α,4a,8-tetramethyl-, [2R-(2α,4aβ,8β)]-
	C15H26O

	222
	0.77

	18
	6.582  
	Tetradecane
	C14H30
	198
	0.32

	19
	6.668  
	Octadecanal
	C18H36O
	268
	0.68

	20
	6.728  
	trans-Farnesol
	C15H26O
	222
	4.19

	21
	6.893  
	Tetradecanoic acid
	C14H28O2
	228
	0.42

	22
	7.167  
	Isopropyl Myristate
	C17H34O2
	270
	0.58

	23
	7.238  
	3,7,11,15-Tetramethyl-2-hexadecen-1-ol
	C20H40O
	296
	0.48

	24
	7.422  
	Cyclohexadecane
	C16H32
	224
	4.10

	25
	7.485  
	11,14-Eicosadienoic acid, methyl ester
	C21H38O2
	322
	0.38

	26
	7.515  
	9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-
	C19H32O2
	292
	0.36

	27
	7.781  
	Hexadecanoic acid
	C16H32O2
	256
	3.78

	28
	7.849  
	Aromandendrene
	C15H24
	204
	0.40

	29
	8.168  
	1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-, [3R-(3α,4aβ,6aα,10aβ,10bα)]-
	C20H34O
	290
	0.53

	30
	8.284  
	1-Octadecene
	C18H36
	252
	1.19

	31
	8.314  
	Kaur-16-ene
	C20H32
	272
	2.65

	32
	8.422  
	Phytol
	C20H40O
	296
	7.74

	33
	8.554  
	Cyclopentanone, 2-(1-methylpropyl)
	C9H16O
	140
	0.86

	34
	8.677  
	2-Propenoic acid, 3-(4-methoxyphenyl)-, 2-ethylhexyl ester
	C18H26O3

	290
	0.64

	35
	9.075  
	3-Eicosene, (E)-
	C20H40
	280
	0.85

	36
	9.172  
	Tricosane
	C23H48
	324
	0.63

	37
	9.333  
	2-Propenoic acid, 3-(4-methoxyphenyl)-, 2-ethylhexyl ester
	C18H26O3

	290
	0.50

	38
	9.438  
	1-Phenanthrenecarboxylic acid, 7-ethenyl-1,2,3,4,4a,4b,5,6,7,8,10,10a-dodecahydro-1,4a,7-trimethyl-, methyl ester, [1R-(1α,3α,4aβ,4bα,7α,10aα)]-
	C20H30O3

	318
	0.37

	39
	9.532  
	Muurolane-A
	C15H28
	208
	0.43

	40
	9.615  
	Bicyclo[2.2.1]heptane, 1,3,3-trimethyl-
	C10H18
	138
	1.62

	41
	9.705  
	Oleic Acid
	C18H34O2
	282
	0.44

	42
	9.806  
	3-Methylbutyl decanoate
	C15H30O2
	242
	0.37

	43
	9.866  
	Docosane
	C22H46
	310
	0.64

	44
	9.982  
	Ethyl 2-octynate
	C10H16O2
	168
	0.71

	45
	10.027  
	Nonadecane
	C19H40
	268
	4.59

	46
	10.301  
	Bis(2-ethylhexyl) phthalate
	C24H38O4
	390
	0.54

	47
	10.357  
	Eicosane
	C20H42
	282
	7.92

	48
	10.544  
	Cyclopentane, 1,2,4-trimethyl-
	C8H16
	112
	0.57

	49
	10.735  
	Cyclohexane, (1,1-dimethylpropyl)-
	C11H22
	154
	0.38

	50
	11.136  
	Isoamyl laurate
	C17H34O2
	270
	0.40

	51
	12.242  
	Octadecane
	C18H38
	254
	1.23
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Fig 2: GC-MS chromatogram of Essential Oil from D. stramonium flowers 
Chemical Composition of Essential Oil from Fruit of Datura stramonium  
The essential oil from D. stramonium fruit obtained by hydro distillation was colorless and possessed a rank odor. The average yield of the essential oil was 0.46%w/w of fresh fruit. The chemical composition of the oil is presented in Table 3. The GC-MS analysis of essential oil obtained from the fruit of Datura stramonium revealed the presence of twelve (12) compounds, predominantly consisting of long-chain saturated hydrocarbons and minor oxygenated components. The major constituents were tricosane (40.10%), heneicosane (30.55%), and docosane (11.55%), collectively accounting for over 80% of the total oil composition.
Hexadecanoic acid has shown to have antioxidant, hypocholesterolemic, 5-alphareductase inhibitors activity (Anjusha et al., 2015) and anti-cancer effects (Kavitha, 2021).
Phytol has shown Antimicrobial, Anticancer, Antiinflammatory Antioxidant, Anti-diabetic, Anti-diuretic properties, Neuroprotective, Antidepressant, Anticonvulsant activity (Costa et al., 2016; Lee et al, 2016; Syad et al., 2016; Phukan et al., 2017).
Azulene is a bicyclic sesquiterpene hydrocarbon known for its anti-inflammatory, antioxidant, and antimicrobial properties. It has been widely studied in chamomile oil and synthetic analogues (Kamatou & Viljoen, 2010). Its presence in Datura stramonium oil suggests possible anti-inflammatory potential, which could justify the traditional use of the plant in treating inflammation-related disorders.
Table 3: Chemical composition of Datura stramonium Fruit Essential oil
	S/N
	RT
/min
	Component
	Formula
	Molecular Weight
/g/mol
	Composition
/%

	1
	3.801  
	Azulene
	C10H8
	128
	1.15

	2
	5.915  
	Cyclohexanemethanol, 4-ethenyl-α,α,4-trimethyl-3-(1-methylethenyl)-, acetate, [1R-(1α,3α,4β)]-
	C17H28O2
	264
	1.79

	3
	6.473  
	1H-Indene, 1-ethylideneoctahydro-7a-methyl-, cis-
	C12H20
	164
	1.11

	4
	7.425  
	1-Hexadecene
	C16H32
	224
	1.74

	5
	7.778  
	Hexadecanoic acid
	C16H32O2
	256
	0.92

	6
	8.366 
	Heneicosane
	C21H44
	296
	30.55

	7
	8.430  
	Phytol
	C20H40O
	296
	0.83

	8
	8.767 
	Docosane
	C22H46
	310
	11.55

	9
	9.026  
	Eicosane
	C20H42
	282
	2.89

	10
	9.206 
	Tricosane
	C23H48
	324
	40.10

	11
	9.603  
	Tetracosane
	C24H50
	338
	5.43

	12
	10.031  
	Nonadecane
	C19H40
	268
	1.94



[image: ]
Fig 3: GC-MS chromatogram of Essential oil from Datura stamonium fruit 
In summary, the presence of diverse phytochemicals in the leaves, flowers, and fruits of D. stramonium may support its traditional use in folk medicine for managing various ailments. However, further studies involving the isolation of individual constituents and evaluation of their specific biological activities are recommended to validate their therapeutic potential.
CONCLUSION
This study successfully demonstrated the organ-specific chemical composition of essential oils extracted from the leaves, flowers, and fruits of Datura stramonium using gas chromatography-mass spectrometry (GC-MS). A total of 8, 51, and 12 compounds were identified in the oils from the leaves, flowers, and fruits respectively, showcasing significant qualitative and quantitative variation among the different plant parts. Leaf oil was dominated by phytol, while flower oil showed a diverse profile rich in azulene and phytol. Fruit oil contained mainly long-chain hydrocarbons like tricosane and heneicosane. These variations highlight the plant’s organ-specific biosynthesis of bioactive compounds with potential pharmacological relevance. These results highlight the pharmacological relevance of the identified compounds and support the notion that different organs of Datura stramonium produce distinct essential oil profiles, each with unique therapeutic potential. Future work should explore the biological activities of these individual oils and their major constituents in vitro and in vivo to validate and expand their potential applications in medicine, cosmeceuticals, and natural product industries.
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