


Original Research Article
Integrated chemical analysis (GC/MS and ¹³C NMR) of the essential oil extracted from Cleistopholis patens (Benth.) Engl. & Diels in Divo (Côte d’Ivoire): composition and bioactive potential

Abstract
The essential oil of Cleistopholis patens from Divo (Côte d’Ivoire) was obtained by steam distillation with a yield of 0.24 ± 0.01%. The main compounds identified by gas chromatography–mass spectrometry (GC/MS) and confirmed by ¹³C NMR were D-limonene (14.40%), β-thujene (12.36%), α-pinene (8.17%), β-pinene (7.56%), γ-terpinene (7.35%), terpinen-4-ol (7.05%), and caryophyllene (8.38%). These constituents exhibited strong antibacterial activity against the tested clinical strains, with antibacterial parameter values ranging from 3.125 to 6.25 mg/mL.
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Introduction
Cleistopholis patens (Benth. ex Engl.) is a tropical tree belonging to the family Annonaceae, widely distributed in Côte d’Ivoire, particularly in the Divo region. Members of the Annonaceae family are characterized by woody plants with simple and alternate leaves, abundant in the tropical rainforests of this region (Ouattara et al., 2013; Ajayi et al., 2025; Engler & Diels, 1901). C. patens can reach up to 30 m in height, with a straight, cylindrical trunk covered by grayish to dark brown bark that is fissured and slightly scaly. The leaves are alternate, simple, leathery, and elliptical to oblong in shape, with an acuminate apex and a rounded base. The flowers, usually solitary or in small axillary inflorescences, are hermaphroditic, greenish to yellow, and possess a characteristic fragrance. The fruits are elongated follicles grouped in clusters, containing several seeds covered with a fleshy aril that is edible and locally appreciated (Ononiwu et al., 2024; World Flora Online, 2024).
From an ethnobotanical perspective, different parts of the tree are traditionally used to treat various ailments. The bark, leaves, and seeds possess antimicrobial, anti-inflammatory, and antioxidant properties. Bark extracts are used to treat typhoid fever, urogenital infections, and menstrual disorders, while leaf decoctions are administered against hepatitis, fever, trypanosomiasis, and rheumatoid arthritis. The bark paste is applied topically to relieve rheumatic pain and certain localized conditions. Traditional preparations based on leaves and bark are also used in the management of cysts, fibroids, myomas, and female fertility disorders (Asase et al., 2009; Kouassi et al., 2024; N’Guessan et al., 2009; Djah et al., 2024).
The chemical complexity of C. patens essential oils and their potential biological effects make this species a particularly relevant subject for research on tropical medicinal plants. Characterizing these essential oils provides a scientific basis linking the phytochemical richness of the species to its traditional uses and opens new perspectives for the development of high-value natural products.
I. Materials and Methods
1. Materials
1.1. Plant material
The plant material used in this study consisted of the leaves of Cleistopholis patens. They were collected between late July and early August 2024 in the Divo Department, located in the Gôh-Djiboua District (Côte d’Ivoire). The plant material was then dried under constant air conditioning at 27 °C for two weeks.
1.2. Experimental equipment
The extraction and characterization of the essential oil were carried out using the following equipment: a Clevenger-type hydrodistillation apparatus, a heating plate, a Pioneer PA202C balance (capacity 2100 g, accuracy 0.01 g), a Delsi DI 200 gas chromatograph equipped with a flame ionization detector, a gas chromatography–mass spectrometry (GC/MS) system, a nuclear magnetic resonance (NMR) spectrometer, a HACH DR 2400 spectrophotometer, and standard laboratory glassware.
1.3. Clinical bacterial strains
A total of eight bacterial strains were used, including three Staphylococcus species (S. aureus ATCC 29213, S. aureus 2247C/24, and S. sp 2101PIS/24) and five Enterobacteriaceae (Escherichia coli 2811C/24, Klebsiella pneumoniae 2701C/24, Yersinia sp 2340PIS/24, Salmonella sp 2077AD/24, and Salmonella sp 2520C/24). These strains were obtained from the biobank of the Pasteur Institute of Côte d’Ivoire.
2. Methods
2.1. Extraction of essential oil by hydrodistillation
Approximately 1.5 L of water was added to the distillation flask. A measured amount of dried leaves was weighed and placed in the apparatus, which was then hermetically sealed and brought to a boil. The extraction was carried out for three hours from the appearance of the first drop of essential oil (EO). The obtained EOs were weighed, transferred into amber glass vials, and stored in a freezer at a temperature close to 0 °C.
The yield of each EO sample was determined using the following formula:
Rdt (%) = (Equation 1)
2.2. Characterization by GC/MS and ¹³C NMR
The extracted essential oil was characterized using different analytical techniques: proton and carbon-13 nuclear magnetic resonance (¹H and ¹³C NMR), gas chromatography (GC), and gas chromatography coupled with mass spectrometry (GC–MS). The NMR spectra were obtained on a Bruker spectrometer (Bruker BioSpin AG) equipped with a 5–10 mm probe, operating at 400.132 MHz for proton and 100.623 MHz for carbon-13. The chemical shifts (δ, expressed in ppm) were referenced to tetramethylsilane (TMS), used as the internal standard. The ¹³C spectra were recorded using a 5 mm probe, with a pulse angle of 45°, an acquisition time of 2.73 s corresponding to a 64 K acquisition, a spectral width (SW) of 25,000 Hz (250 ppm), and a digital resolution of 0.183 Hz/pt. The number of accumulations varied from 2000 to 5000 depending on the analysis. Decoupling was performed using the “Composite Phase Decoupling” pulse field method.
2.3. Antibacterial activity
A stock solution of the essential oil at 200 mg/mL was prepared using Tween 80, then successively diluted in water by a factor of 2 to obtain different concentrations. The bacterial inoculum was standardized at 10⁶ CFU/mL for tests conducted on agar (diffusion method) and in liquid medium (dilution method). The antibacterial effect of the extract was evaluated by measuring the diameter of the growth inhibition zones of bacterial strains around the essential oil on Muller-Hinton agar (N’dri et al., 2023). The antibacterial parameters, namely the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC), were determined in both liquid and solid media. The MIC corresponds to the lowest concentration preventing any visible growth, while the MBC represents the lowest concentration capable of eliminating 99.99% of the bacteria.
II. Results and Discussion
1. Results
1.1. Chemical characterization of the essential oil of Cleistopholis patens
The chromatogram (Figure 1) of the essential oil of Cleistopholis patens allowed the identification of twenty-six constituents representing 97.55% of the total composition, along with 2.45% of unidentified compounds, accounting for 100% of the essential oil.
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Figure 1: GC/MS chromatogram of the essential oil
The analysis reveals a high proportion of hydrocarbon monoterpenes (α-pinene, β-pinene, β-thujene, camphene, β-myrcene, pseudolimonene, α-terpinene, D-limonene, β-ocimene, γ-terpinene, terpinolene), which constitute the major fraction. The predominant compound is D-limonene (14.40%), followed by β-thujene (12.36%), α-pinene (8.17%), β-pinene (7.56%), γ-terpinene (7.35%), terpinen-4-ol (7.05%), and caryophyllene (8.38%). The oxygenated monoterpenes are represented by constituents such as linalool (0.61%), trans-2-menthenol (0.10%), and terpinen-4-ol (7.05%). The hydrocarbon sesquiterpene fraction includes caryophyllene (8.38%), humulene (4.29%), γ-muurolene (0.10%), and copaene (0.10%). Finally, the oxygenated sesquiterpenes are represented by caryophyllene oxide (7.56%), elemol (0.20%), humulene epoxide 2 (0.92%), β-acorenol (1.84%), and betulenol (0.31%). This chemical profile, confirmed by the combined GC–MS and ¹³C NMR analyses, indicates that the essential oil of Cleistopholis patens is dominated by hydrocarbon monoterpenes (nearly half of the total composition), followed by a significant proportion of hydrocarbon and oxygenated sesquiterpenes. The chemical structures of the main constituents, illustrating these major compound groups, are shown in Figure 2.


Figure 2 : Chemical structures of the main compounds of the essential oil of Cleistopholis patens: D-limonene (a), followed by β-thujene (b), α-pinene (c), β-pinene (d), γ-terpinene (e), terpinen-4-ol (f), and caryophyllene (g).
Hydrocarbon monoterpenes (β-pinene, α-phellandrene, limonene, etc.) dominate the composition, followed by hydrocarbon and oxygenated sesquiterpenes (β-caryophyllene, germacrene D, germacrene B). These structures are representative of the major classes of compounds identified by gas chromatography coupled with mass spectrometry (GC–MS) and confirmed by ¹³C NMR. The main constituents are presented in Table 1, with their retention times, relative abundances, and methods of characterization.
Table 1: Chemical composition of the essential oil of Cleistopholis patens from Divo
	No.
	Retention Time (min)
	Compound Name
	Abundance (%)
	Method of Characterization

	1
	15.154
	β-Thujene
	12.36
	GC–MS, ¹³C NMR

	2
	15.635
	α-Pinene
	8.17
	GC–MS, ¹³C NMR

	3
	16.506
	Camphene
	0.20
	GC–MS, ¹³C NMR

	4
	19.635
	β-Pinene
	7.56
	GC–MS, ¹³C NMR

	5
	21.506
	β-Myrcene
	1.02
	GC–MS, ¹³C NMR

	6
	22.879
	Pseudolimonene
	1.43
	GC–MS, ¹³C NMR

	7
	24.447
	α-Terpinene
	6.33
	GC–MS, ¹³C NMR

	8
	26.970
	D-Limonene
	14.40
	GC–MS, ¹³C NMR

	9
	28.137
	β-cis-Ocimene
	0.20
	GC–MS, ¹³C NMR

	10
	29.677
	γ-Terpinene
	7.35
	GC–MS, ¹³C NMR

	11
	30.323
	Sabinene hydrate
	0.82
	GC–MS, ¹³C NMR

	12
	31.943
	Terpinolene
	5.31
	GC–MS, ¹³C NMR

	13
	34.037
	Linalool
	0.61
	GC–MS, ¹³C NMR

	14
	35.822
	trans-2-Menthenol
	0.10
	GC–MS, ¹³C NMR

	15
	41.001
	Terpinen-4-ol
	7.05
	GC–MS, ¹³C NMR

	16
	52.737
	Copaene
	0.10
	GC–MS, ¹³C NMR

	17
	54.510
	Ylangene
	0.41
	GC–MS, ¹³C NMR

	18
	57.692
	Caryophyllene
	8.38
	GC–MS, ¹³C NMR

	19
	59.683
	Humulene
	4.29
	GC–M



1.2. Antibacterial potential
This screening revealed variable sensitivities of the essential oil at 200 mg/mL against the bacterial strains studied (Table 2). The negative control used (Tween 80 and sterile distilled water) showed no effect against the tested bacterial strains. In contrast, the essential oil was active against all the bacterial strains tested. According to Ponce et al. (2003), a substance is considered active when its inhibition zone diameter against a bacterium is strictly greater than 9 mm. Thus, the antibacterial parameters were evaluated (Table 2). Based on the results, the essential oil exhibited strong antibacterial activity, with MIC and MBC values ranging from 3.125 to 6.25 mg/mL. This activity was found to be bactericidal against all tested bacterial strains (Fauchère, 2002). The bactericidal effect could be attributed to the presence of secondary metabolites in the essential oil, such as terpenoid compounds, which are well known for their antimicrobial activity.
Table 2: Inhibition zone diameters and antibacterial parameters of the essential oil
	
	Inhibition zone diameter 
	Antibacterial
 parameters 
	
	

	
	200 mg/ml
	EDS
	CMI (mg/mL)
	CMB (mg/mL)
	CMB/CMI
	Interpretation

	S.aureus ATCC 25923
	27±0,5
	06±0
	3,125
	3,125
	1
	Bactericidal

	S.aureus 2247C/24
	29±1
	06±0
	3,125
	3,125
	1
	Bactericidal

	S.sp 2101PIS/24
	26±0,58
	06±0
	6,25
	6,25
	1
	Bactericidal

	E.coli 2811C/24
	18±1
	06±0
	6,25
	6,25
	1
	Bactericidal

	K.pneu. 2701C/24
	15±1
	06±0
	6,25
	6,25
	1
	Bactericidal

	Yer.sp 2340PIS/24
	23,5±0,5
	06±0
	6,25
	6,25
	1
	Bactericidal

	Sal.sp 2077AD/24
	30±1
	06±0
	6,25
	6,25
	1
	Bactéricide

	Sal.sp 2520C/24
	30±1
	06±0
	3,125
	3,125
	1
	Bactericidal


sp: Unidentified species; MIC: Minimum Inhibitory Concentration; MBC: Minimum Bactericidal Concentration
2. Discussion
The essential oil from the leaves of Cleistopholis patens was obtained with a yield of 0.24 ± 0.01%, which reflects a relatively low extraction efficiency but is typical of essential oils derived from the leaves or bark of tropical trees. This modest yield may be attributed to the nature of the plant, the part used, and the distillation conditions, yet it remains sufficient to provide an oil rich in bioactive compounds.
Studies conducted in other African regions confirm comparable values: in Cameroon, the yields of essential oils extracted from the leaves and stem bark of C. patens were 0.19% and 0.23%, respectively (Boyom et al., 2010). Similarly, in Côte d’Ivoire, previous research reported yields ranging between 0.18% and 0.23% (Koné et al., 2004). These results suggest a relative stability in the yield of this species across different geographical areas while highlighting the influence of pedoclimatic conditions, harvest period, and distillation parameters.
Gas chromatography coupled with mass spectrometry and ¹³C NMR spectroscopy revealed that the essential oil is dominated by hydrocarbon monoterpenes, followed by hydrocarbon and oxygenated sesquiterpenes. The main identified compounds are D-limonene (14.40%), β-thujene (12.36%), α-pinene (8.17%), β-pinene (7.56%), γ-terpinene (7.35%), terpinen-4-ol (7.05%), and caryophyllene (8.38%). These results confirm and complement the observations of Ouattara et al., 2013, who identified β-caryophyllene and germacrene D as the major constituents of C. patens essential oil. The predominance of monoterpenes, particularly D-limonene and the pinene isomers, is characteristic of essential oils rich in volatile and biologically active compounds (Bakkali et al., 2008).
Biologically, the essential oil of Cleistopholis patens exhibited marked antibacterial activity against all tested strains (Table 2). The inhibition zone diameters ranged from 15 ± 1 mm to 30 ± 1 mm, indicating variable sensitivity depending on the microorganism. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values ranged between 3.125 mg/mL and 6.25 mg/mL, with an MBC/MIC ratio equal to 1, indicating a strong bactericidal effect on all tested strains (Fauchère, 2002).
These results demonstrate a broad-spectrum antibacterial activity, affecting both Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (E. coli, K. pneumoniae, Salmonella sp.). The major compounds identified, such as D-limonene, α-pinene, terpinen-4-ol, and β-caryophyllene, are well known for their strong antimicrobial effects (Hammer et al., 1999; Miguel, 2010). These molecules act by disrupting cellular membranes, causing leakage of intracellular contents, and inhibiting essential metabolic enzymes (Burt, 2004).
Thus, despite a modest yield, the essential oil of C. patens stands out for its high content of bioactive compounds and strong bactericidal efficiency. It therefore presents considerable pharmacological, cosmetic, and agro-food interest.
Further studies should be undertaken to isolate and individually test the bioactive compounds, evaluate their synergistic interactions, and assess their in vivo efficacy and safety, with a view to pharmaceutical and industrial valorization.
Conclusion
The study of the essential oil of Cleistopholis patens from Divo reveals a chemical composition rich in monoterpenes and sesquiterpenes, dominated by D-limonene, β-thujene, and caryophyllene. These compounds impart significant antimicrobial, antioxidant, and anti-inflammatory properties to the oil. The results highlight the potential of this tropical plant for pharmaceutical, cosmetic, and agro-food applications while opening the way for future research on its biological effects and synergistic interactions.
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