


Dominance of β-Caryophyllene and Its Epoxidized Derivatives in the Leaf Essential Oil of Uvaria chamae from Côte d’Ivoire: Analysis by GC–MS and ¹³C NMR

Abstract
The essential oil from the leaves of Uvaria chamae, collected in Daloa (Côte d’Ivoire), was extracted by hydrodistillation using a Clevenger-type apparatus, affording a yield of 0.062 ± 0.001%. Comprehensive chemical profiling by gas chromatography–mass spectrometry (GC–MS), further supported by carbon-13 nuclear magnetic resonance (¹³C NMR), led to the identification of 65 compounds representing 99.29% of the oil. The oil was overwhelmingly dominated by sesquiterpenes (over 77%), particularly β-caryophyllene (12.38%), β-caryophyllene oxide (17.97%), and α-copaene epoxide (13.92%). Minor constituents included monoterpenes, esters, alcohols, and trace levels of aldehydes and ketones (<2%). This study highlights the predominance of oxygenated sesquiterpenes as chemical markers of U. chamae leaf essential oil from Côte d’Ivoire.
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Introduction
For centuries, medicinal plants have represented an invaluable source of bioactive molecules, widely used in both traditional medicine and modern therapeutics. Rich in secondary metabolites such as alkaloids, flavonoids, terpenoids, and acetogenins, they constitute a natural reservoir of compounds with diverse biological properties, whose potential is increasingly exploited in the pharmaceutical, cosmetic, and food industries (Al Kazman et al., 2022). Among the plant families of pharmacological interest, the Annonaceae hold a prominent position due to the remarkable chemical diversity and bioactivity of their metabolites.
In this context, Uvaria chamae P. Beauv., a species belonging to this family, has attracted growing attention. Widespread across tropical Africa, particularly in Nigeria, Benin, Ghana, and Côte d’Ivoire, it is locally known as “bush banana” in reference to its edible fruits that resemble small bananas (Udoh et al., 2019; Burkill, 1985). Traditionally integrated into the local pharmacopoeia, U. chamae has been used to treat a variety of ailments, including abdominal pain, microbial infections, malaria, gastrointestinal disorders, and inflammatory conditions, as reported in several ethnobotanical surveys, notably in Benin (Houévo Daï et al., 2025).
Previous phytochemical investigations have revealed a wide range of secondary metabolites in this species, including flavonoids, tannins, saponins, alkaloids, glycosides, and acetogenins such as uvaretin (Hufford & Lasswell, 1976) and chamuvarinin (Fall et al., 2004), along with other compounds identified more recently (Abu et al., 2018; Agbebi et al., 2024). Studies focusing on the essential oil of different plant parts have highlighted the predominance of aromatic and terpenoid compounds, such as benzyl benzoate, 2,5-dimethoxy-p-cymene, τ-cadinol, and several oxygenated sesquiterpenes (Oguntimein et al., 1989; Muriel et al., 2011; Ayedoun et al., 1999), whose antimicrobial, antioxidant, and cytotoxic properties reinforce the pharmacological interest of the species.
However, most available studies have concentrated on the roots and bark of U. chamae, leaving the leaves relatively unexplored, particularly in Côte d’Ivoire. Yet, leaves are easily accessible and renewable, and may contain metabolites of major interest, thereby opening new opportunities for the development of natural products with therapeutic and industrial applications, especially in the current context of increasing antimicrobial resistance (Kaboré et al., 2024).
The present study was therefore undertaken to characterize the chemical composition of the essential oil (EO) extracted from the leaves of Uvaria chamae collected in Daloa (Côte d’Ivoire), using gas chromatography–mass spectrometry (GC–MS) and carbon-13 nuclear magnetic resonance (¹³C NMR). Special emphasis is placed on the identification of the major constituents, particularly β-caryophyllene and its epoxidized derivatives, in order to assess their pharmacological significance and potential applications in various industries.
I. Materials and Methods
I.1. Plant material 
The plant material consisted of leaves of Uvaria chamae. The leaves were collected in the Daloa region in February 2024, a period corresponding to the flowering stage of the species. After harvesting, the leaves were stored at room temperature for 24 h before being used for the extractions.
I.2. Extraction of essential oil (EO) by hydrodistillation
Approximately 1.5 L of water was placed into the distillation flask. A measured amount of leaves was weighed and introduced into the flask, which was then sealed and brought to boiling. The extraction time was 3 h, starting from the appearance of the first drop of essential oil. This operation was repeated several times. The obtained essential oils were weighed, stored in amber glass vials, and kept in a freezer at around 0 °C.

                                Rdt (%) = 
I.3. Characterization by GC–MS and ¹³C NMR
For the analysis of essential oil extracts, the following techniques were used: carbon-13 nuclear magnetic resonance (¹³C NMR) and gas chromatography (GC) coupled with mass spectrometry (MS). The mass spectrum of the EO and the ¹³C NMR spectra of each compound were recorded using a Bruker spectrometer (Bruker BioSpin AG). The elution solvent was deuterated chloroform (CDCl₃). Chemical shifts (δ in ppm) were referenced to tetramethylsilane (TMS) as an internal standard. The spectrometer was equipped with a 5–10 mm probe operating at 100.623 MHz for carbon-13. The ¹³C NMR spectra were acquired under the following conditions: 5 mm probe; 45° pulse angle; acquisition time = 2.73 s corresponding to a 64K data set with a spectral width (SW) of 25,000 Hz (250 ppm); digital resolution of 0.183 Hz/pt. About 70 mg of essential oil were dissolved in 5 mL of CDCl₃. The number of scans ranged from 2000 to 5000 for each spectrum. Decoupling was performed using pulsed-field “Composite Phase Decoupling.” Free induction decay (FID) data were multiplied prior to Fourier transformation by an exponential function (LB = 1.0 Hz).
II. Results and Discussion
II.1. Results
II.1.1. Extraction yield
The essential oil of Uvaria chamae was extracted by steam distillation from fresh plant material (24 h after collection) for 4 h using a Clevenger-type apparatus. The yield obtained, calculated according to equation (1), was 0.062 ± 0.001%.
II.1.2. Chemical composition of the essential oil from the leaves of Uvaria chamae
The chemical analysis of the leaf essential oil of Uvaria chamae by GC–MS and ¹³C NMR, whose GC–MS spectrum is shown in Figure 1, revealed the presence of several compounds.
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Figure 1: GC/MS profile of the essential oil from U. chamae leaves
[image: ]The various compounds were identified by comparing their retention times (RT) and mass spectra with the reference spectral data provided by the instrument libraries (Wiley and NIST). For example, the major compound, appearing at peak 26 with a retention time of 8.86 min and a content of 17.97%, whose mass spectrum is shown in Figure 2, was identified as β-caryophyllene oxide. Each determination was performed in triplicate (n = 3).
Figure 2: GC–MS mass spectrum of β-caryophyllene oxide
In the same way, 65 chemical compounds were identified in the essential oil of Uvaria chamae leaves and are presented in Table I. This table provides the retention time (min), the common name, and the content (%) of each identified compound.
Table I: Chemical composition of the essential oil from the leaves of Uvaria chamae
	Peak No.
	Retention Time (min)
	Common Name
	Content (%)

	1
	4.29
	α-Pinene
	0.8

	2
	4.713
	δ-3-Carene
	0.1

	3
	4.783
	β-Myrcene
	0.15

	4
	5.187
	D-Limonene
	0.52

	5
	5.776
	Linalool
	0.26

	6
	6.502
	Butyl hexanoate
	0.19

	7
	6.537
	Ethyl octanoate
	0.11

	8
	6.64
	Isophorone
	0.02

	9
	6.801
	Citronellal
	0.02

	10
	6.86
	Camphene
	0.02

	11
	6.97
	Isoamyl hexanoate
	0.02

	12
	7.031
	4-Pentenyl hexanoate
	0.45

	13
	7.273
	3-Methyl-2-butenyl hexanoate
	0.08

	14
	7.31
	3-Methyl-2-butenyl hexanoate
	0.08

	15
	7.566
	α-Ylangene
	0.59

	16
	7.684
	β-Caryophyllene
	12.38

	17
	7.764
	α-Cubebene
	0.28

	18
	7.845
	Dimethyltricyclododecane
	0.12

	19
	7.964
	Copaene
	2.11

	20
	8.074
	α-Humulene
	5.71

	21
	8.196
	Guai-1(10),11-diene
	0.68

	22
	8.303
	Ylangene
	4.86

	23
	8.376
	Selina-3,7(11)-diene
	3.04

	24
	8.452
	δ-Cadinene
	6.42

	25
	8.779
	α-Copaene epoxide
	13.92

	26
	8.861
	β-Caryophyllene oxide
	17.97

	27
	9.035
	Calarene
	0.89

	28
	9.173
	α-Selinene
	1.13

	29
	9.357
	γ-Selinene
	10.35

	30
	9.465
	Epiglobulol
	1.23

	31
	9.517
	Spathulenol
	0.98

	32
	9.648
	Globulol
	3.95

	33
	9.702
	Ledol
	1.10

	34
	9.773
	Epiglobulol
	2.73

	35
	9.899
	Andrographolide
	0.97

	36
	9.99
	Pentadecanal
	0.42

	37
	10.061
	Bicyclic methanol derivative
	0.31

	38
	10.16
	Lilac aldehyde D
	0.30

	39
	10.276
	Cyclopropanemethanol
	0.82

	40
	10.407
	Andrographolide
	0.36

	41
	10.473
	1-Hexadecanol acetate
	0.09

	42
	10.533
	Bis-benzofuran ether
	0.62

	43
	10.64
	β-Farnesene
	0.11

	44
	10.661
	Phytone
	0.19

	45
	10.734
	Tetracycloundecanol
	0.23

	46
	10.849
	1-Heptatriacontanol
	0.11

	47
	10.907
	Isopropenyldimethylnaphthol
	0.07

	48
	10.954
	Tetramethylheptadecane
	0.10

	49
	11.047
	Polyunsaturated Neral
	0.12

	50
	11.227
	Methyl eicosatetraenoate
	0.16

	51
	11.267
	Pentadecanoic acid
	0.08

	52
	11.32
	Andrographolide
	0.06

	53
	11.426
	1-Heneicosanol
	0.06

	54
	11.607
	Methylhexenyl cyclohexene
	0.93

	55
	11.733
	Hexadecatrienol
	0.03

	56
	11.909
	1-Heptatriacontanol
	0.08

	57
	12.146
	Octatriacontyl trifluoroacetate
	0.09

	58
	12.402
	1-Octacosanol
	0.08

	59
	13.007
	Heneicosane
	0.08

	60
	13.113
	δ-Cadinene epoxide
	0.02

	61
	13.666
	1-Octacosanol
	0.08

	62
	14.571
	Tetracosane
	0.07

	63
	15.522
	1-Octacosanol
	0.04

	64
	16.345
	Tetracosane
	0.04

	65
	17.829
	Cannabinol trifluoroacetate
	0.02

	
	Total identified compounds
	
	99.29%

	Oxygenated compounds
	5.39%

	Hydrocarbon compounds
	0.37%

	Hydrocarbon monoterpenes
	1.57%

	Oxygenated monoterpenes
	1.05%

	Hydrocarbon sesquiterpenes
	46.07%

	Oxygenated sesquiterpenes
	43.21%



These compounds can be grouped into several major chemical families: hydrocarbon sesquiterpenes (46.07%) and oxygenated sesquiterpenes (43.21%), hydrocarbon monoterpenes (1.57%) and oxygenated monoterpenes (1.05%), as well as other oxygenated compounds (5.39%) and miscellaneous hydrocarbons (0.37%). Sesquiterpenes, whether hydrocarbon or oxygenated, constitute the majority of the essential oil, representing over 77% combined. The dominant compounds are β-caryophyllene (12.38%), β-caryophyllene oxide (17.97%), and α-copaene epoxide (13.92%), as shown in Figure 3.


Figure 3: Dominant compounds in the essential oil of Uvaria chamae leaves
The mass spectrometry (MS) and 13C NMR data of compounds 1–3 reveal distinctive structural signatures allowing their unambiguous identification. In mass spectrometry, the fragmentation of β-caryophyllene (1) exhibits unmistakable diagnostic markers. The ion at m/z 189 results from the loss of a methyl radical, favored by the presence of tertiary methyl groups on the 9-membered ring. The fragments at m/z 161 and 133 specifically characterize the caryophyllane skeleton, arising from a retro-Diels–Alder cleavage of the macrocycle. The remarkably stable tropylium ion at m/z 93 confirms the presence of the free isopropylidene chain and serves as a target marker in chromatography.
Epoxidation (2, 3) radically alters the fragmentation profile. The shift of the molecular ion to m/z 220 confirms mono-epoxidation. The loss of a methoxy radical (•OCH₃), generating m/z 189, indicates that the oxygen is attached to a carbon bearing a methyl group. The persistence of the tropylium ion at m/z 91 reveals that epoxidation does not affect the terminal double bond, localizing the modification on the bicyclic core.
In 13C NMR, the signature of β-caryophyllene (1) is characterized by signals between δ 37.8–50.4 ppm (sp³ carbons of the skeleton) and δ 115/150 ppm (sp² carbons of the double bonds). The formation of epoxides 2 and 3 is evidenced by the disappearance of unsaturated signals and the appearance of characteristic signals at δ 70.2–74.7 ppm, attributable to epoxidized carbons (C–O). The distinction between 2 and 3 relies on chemical shift differences.
Monoterpenes and monoterpenols, although weakly represented (~2.6% combined), include α-pinene (0.8%) and D-limonene (0.52%), whose chemical structures are shown in Figure 4.


Figure 4: Chemical structures of α-pinene and D-limonene
Esters and alcohols (≈3%), such as butyl hexanoate (0.19%) and 4-pentenyl hexanoate (0.45%), are minor components and are represented by their chemical structures in Figure 5.


Figure 5: Chemical structures of butyl hexanoate and 4-pentenyl hexanoate
Aldehydes and ketones (<1%), including citronellal (0.02%) and isophorone (0.02%), shown in Figure 6, are present in very minor proportions.



Figure 6: Chemical structures of citronellal and isophorone
II.2. Discussion
The hydrodistillation of Uvaria chamae leaves yielded an essential oil content of 0.062 ± 0.001%, comparable to those reported for other Annonaceae species, whose yields generally range from 0.05 to 0.15%, depending on the plant organ as well as edaphoclimatic and phenological conditions (Muriel et al., 2011; Ayedoun et al., 1999). The combined analysis by GC–MS and ¹³C NMR identified 65 constituents, representing 99.29% of the total composition, confirming the remarkable chemical diversity of this species.
The chemical composition of the essential oil is characterized by a clear predominance of sesquiterpenes, both hydrocarbon and oxygenated, which together account for more than 77% of the identified constituents. Among them, β-caryophyllene (12.38%), β-caryophyllene oxide (17.97%), and α-copaene epoxide (13.92%) are the major compounds. This chemical distribution aligns with observations reported for other Uvaria species, such as Uvaria afzelii and Uvaria grandiflora (Fall et al., 2004; Oguntimein et al., 1989), as well as for other genera within the Annonaceae family, where sesquiterpenes frequently dominate the volatile fraction (Ayedoun et al., 1999; Abu et al., 2018).
The abundance of β-caryophyllene and its oxygenated derivatives gives this essential oil particular pharmacological interest. Indeed, β-caryophyllene, a widely distributed bicyclic sesquiterpene in the plant kingdom, is known for its anti-inflammatory, antimicrobial, and antioxidant properties (Fidyt et al., 2016; Calleja et al., 2013). Its oxidized derivative, β-caryophyllene oxide, has been extensively studied for its antifungal and cytotoxic activities (Legault & Pichette, 2007), while α-copaene epoxide, less documented in the literature, has been associated with significant antimicrobial and insecticidal effects (Alitonou, 2006). The high proportion of these epoxidized sesquiterpenes therefore suggests considerable therapeutic potential, in agreement with findings for other essential oils with similar chemical profiles (Bakkali et al., 2008; Bassolé & Juliani, 2012).
Conversely, the relatively low proportion of monoterpenes, esters, alcohols, and aldehydes (<2%) contrasts with the richness in sesquiterpenes observed. This chemical profile, characterized by sesquiterpene dominance, has been described for other Annonaceae species, notably Uvaria hamiltonii (Mohanty et al., 2022) and Xylopia aethiopica (Ndoye et al., 2024), whereas some species such as Annona muricata exhibit higher monoterpene content (Thang et al., 2013; Jirovetz et al., 1998). Therefore, the simultaneous presence of β-caryophyllene, β-caryophyllene oxide, and α-copaene epoxide could serve as a distinctive chemical marker for U. chamae, while guiding future pharmacological investigations toward these major metabolites.
Overall, the richness in oxygenated sesquiterpenes highlighted in this study underscores the therapeutic potential of the essential oil from Uvaria chamae leaves. The antimicrobial, anti-inflammatory, and anticancer activities attributed to these compounds offer promising prospects for the development of products with pharmacological or agro-food applications, while contributing to the valorization of Ivorian natural resources. However, additional studies, including in vitro and in vivo biological assays, are needed to confirm these activities and elucidate their mechanisms of action.
Conclusion
This study enabled the first characterization of the chemical composition of the essential oil from Uvaria chamae leaves collected in Côte d’Ivoire, highlighting a marked predominance of hydrocarbon and oxygenated sesquiterpenes. β-Caryophyllene, β-caryophyllene oxide, and α-copaene epoxide were identified as the major constituents, giving this essential oil a distinctive chemical profile within the Uvaria genus and, more broadly, the Annonaceae family.
The well-documented pharmacological properties of these sesquiterpenes, including their anti-inflammatory, antimicrobial, and antioxidant activities, suggest significant therapeutic potential and open the way to applications in pharmaceutical, cosmetic, and agro-food sectors. However, to fully valorize these findings, further investigations including in vitro and in vivo biological assays as well as mechanistic studies are essential to confirm the biological activity of these compounds and assess potential synergistic effects.
Thus, this study not only enriches the phytochemical knowledge of Uvaria chamae, but also provides a scientific basis for the sustainable valorization of Ivorian plant resources, aiming at the development of high-value natural products.
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