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Abstract
This study aimed to characterize the chemical composition of the essential oil extracted from fresh roots of Cyperus rotundus from Daloa (Côte d’Ivoire) using GC–MS and ¹³C NMR. The extraction yield was 0.36 ± 0.02%. Analyses revealed a predominance of monoterpenes, mainly β-pinene (22.8%), trans-4-thujanol (14.7%), and α-pinene (4.7%), in contrast with most profiles reported in the literature, which are often dominated by sesquiterpenes. This particular chemotype suggests a high potential for antimicrobial, antifungal, and anti-inflammatory activities and opens perspectives for innovative therapeutic and agro-food applications.
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Introduction
Essential oils extracted from aromatic plants constitute an important source of high-value secondary metabolites, with significant pharmacological and agro-food applications (Bakkali et al., 2008). Among these plants, Cyperus rotundus L. (Cyperaceae), widely distributed in tropical and subtropical regions, is recognized for the richness and chemical diversity of its essential oil (Babiaka et al., 2021). However, the chemical composition of this oil varies considerably depending on geographical, edaphoclimatic, and extraction conditions, leading to different chemotypes (Bezerra et al., 2025; Taheri et al., 2021). In this context, the present study aimed to characterize, using gas chromatography–mass spectrometry (GC–MS) and carbon-13 nuclear magnetic resonance (¹³C NMR), the major chemical composition of the essential oil from fresh roots of C. rotundus collected in Daloa (Côte d’Ivoire) and to discuss its potential pharmacological properties.
I. Materials and Methods
I.1. Plant Material
The plant material used in this study consisted of the roots of Cyperus rotundus. These were collected in May 2024 in Daloa, located in the Central-West region of Côte d’Ivoire. After harvest, the roots were carefully washed to remove any impurities and then air-dried in a shaded, air-conditioned room maintained at a constant temperature of 25 °C for 24 hours, in order to preserve the volatile compounds as much as possible before essential oil extraction.
I.2. Technical Equipment
The extraction and analysis of the essential oil were carried out using several pieces of equipment: a Clevenger-type hydrodistiller, a hot plate, a Pioner PA202C balance with a 2100 g capacity and 0.01 g precision, a Delsi DI 200 gas chromatograph equipped with a flame ionization detector, a gas chromatography–mass spectrometry (GC–MS) system, a carbon nuclear magnetic resonance (¹³C NMR) spectrometer, a HACH DR 2400 spectrophotometer, and standard laboratory glassware.
I.3. Essential Oil (EO) Extraction by Hydrodistillation
Approximately 1.5 L of water was added to the distillation flask. A measured mass of dried roots was placed in the flask. The flask was sealed and brought to a boil. The extraction was carried out for 3 hours from the time the first drop of essential oil appeared. This operation was repeated several times to obtain a sufficient quantity of essential oil for analysis. The extracted oils were weighed, stored in amber glass vials, and kept in a freezer at a temperature near 0 °C.
The yield for each essential oil sample was calculated using the following formula:
                                Rdt (%) = 
I.4. Characterization by GC/MS and ¹³C NMR
For the analysis of the essential oil from the roots of Cyperus rotundus, the techniques used were carbon-13 nuclear magnetic resonance (¹³C NMR) and gas chromatography coupled with mass spectrometry (GC/MS). The mass spectrum of the essential oil and the ¹³C NMR spectra of each compound were recorded using a Bruker instrument (Bruker BioSpin AG). Deuterated chloroform (CDCl₃) was used as the elution solvent. Chemical shifts (δ in ppm) were compared to TMS as the internal reference.
The NMR spectrometer was equipped with a 5–10 mm probe operating at 100.623 MHz for carbon-13. The ¹³C NMR spectra were recorded under the following conditions: 5 mm probe, 45° pulse angle; acquisition time = 2.73 s, corresponding to a 64K data acquisition with a spectral width (SW) of 25,000 Hz (250 ppm); digital resolution of 0.183 Hz/point.
Approximately 70 mg of essential oil were dissolved in 5 mL of CDCl₃, and the number of scans ranged from 2000 to 5000 for each acquisition. Decoupling was performed using “Composite Phase Decoupling.” Free induction decay (FID) signals were multiplied by an exponential function (LB = 1.0 Hz) prior to Fourier transformation.

II. Results and Discussion
II.1. Results
II.1.1. Extraction Yield
The essential oil from fresh roots of Cyperus rotundus L. (24 hours after harvest) was extracted by hydrodistillation for 3 hours using a Clevenger-type apparatus. The calculated yield was 0.36 ± 0.02%.
II.1.2. Chemical Composition of the Essential Oil from Cyperus rotundus L. Roots
Figure 1 shows the gas chromatography–mass spectrometry (GC/MS) chromatogram of the essential oil extracted from the roots of Cyperus rotundus L. Several well-resolved peaks corresponding to the volatile constituents of the oil can be observed. Each peak represents a separate compound, determined based on its retention time and relative intensity, which reflects the abundance of each constituent.
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Figure 1: Gas Chromatography Profile of the Essential Oil from Cyperus rotundus L. Roots
The identification of the different constituents was carried out by comparing the retention times and mass spectra obtained with those of reference compounds available in the Wiley and NIST libraries integrated into the instrument. For example, the major compound appearing at peak 2, with a retention time of 4.768 min and a content of 22.76%, whose mass spectrum is shown in Figure 2, is β-Pinene. Each determination was performed in triplicate.
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Figure 2: GC/MS Mass Spectrum of β-Pinene
A total of 60 constituents were identified in the essential oil from the roots of Cyperus rotundus L. Their retention times, names, and relative contents (%) are presented in Table I.
Table I: Chemical Composition of the Essential Oil from Cyperus rotundus L. Roots from Daloa (Côte d’Ivoire)
	No.
	Retention Time (min)
	Compound Name
	Content (%)

	1
	4.269
	α-Pinene
	4.65

	2
	4.768
	β-Pinene
	22.76

	4
	5.243
	trans-4-Thujanol
	14.74

	5
	5.463
	1-Methyl-4-(1-methylethyl)-1,4-cyclohexadiene
	1.6

	6
	5.694
	(+)-4-Carene
	0.31

	7
	5.827
	Nonanal
	0.51

	8
	6.029
	(E,Z)-2,6-Dimethylocta-2,4,6-triene
	1.4

	9
	6.258
	1-Ethenyl-4-methoxybenzene
	0.19

	10
	6.361
	2(10)-Pinene-3-one
	0.2

	11
	6.503
	(R)-4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol
	1.43

	12
	6.624
	(S)-α,α,4-Trimethyl-3-cyclohexen-1-methanol
	2.51

	13
	6.787
	2-Methoxy-4-methyl-1-(1-methylethyl)benzene
	0.07

	14
	6.907
	1-Methoxy-4-methyl-2-(1-methylethyl)benzene
	0.37

	15
	6.978
	(S)-2-Methyl-5-(1-methylethenyl)-2-cyclohexen-1-one
	0.13

	16
	7.173
	(Z)-Methyl 3,7-dimethyl-2,6-octadienoate
	0.1

	17
	7.361
	4-Methyl-3-(1-methylethylidene)-cyclohexene
	2.24

	18
	7.393
	Tridecanal
	0.19

	19
	7.483
	Methyl 3,7-dimethyl-2,6-octadienoate
	0.11

	20
	7.627
	Andrographolide
	0.16

	21
	7.8
	6-Isopropenyl-4,8a-dimethyloctahydro-naphthalen-2-ol
	0.03

	22
	7.943
	Copaene
	0.33

	23
	8.039
	(1S,2β,4β)-1-Ethenyl-1-methyl-2,4-bis(1-methylethenyl)cyclohexane
	1.12

	24
	8.136
	2-(tert-Butyl)-1,4-dimethoxybenzene
	0.5

	25
	8.199
	2,3,4,4a,5,6-Hexahydro-1,4a-dimethyl-7-(1-methylethyl)-naphthalene
	6.66

	26
	8.28
	β-Caryophyllene
	1.35

	27
	8.412
	(Z)-1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene
	1.94

	28
	8.428
	Octahydroazulene
	0.2

	29
	8.528
	α-Humulene
	2.34

	30
	8.574
	1,7,7-Trimethylbicyclo[2.2.1]hept-5-en-2-ol
	0.81

	31
	8.626
	(-)-3,7,7-Trimethyl-11-methylene-spiro[5.5]undec-2-ene
	1.82

	32
	8.648
	(-)-α-Panasinsene
	0.56

	33
	8.721
	(E,E)-α-Farnesene
	0.56

	34
	8.758
	Tridecanedial
	0.09

	35
	8.846
	Octahydroazulene
	0.17

	36
	8.858
	Octahydro-1,7a-dimethyl-5-(1-methylethyl)-1,2,4-metheno-indene
	0.68

	37
	8.924
	Octahydroazulene
	0.07

	38
	8.962
	Di-epimer of α-Cedrene
	0.03

	39
	9.04
	(-)-Spathulenol
	0.06

	40
	9.271
	1,3-Bis(1-methylethyl)-1,3-cyclopentadiene
	0.09

	41
	9.389
	Cyclohexane
	0.8

	42
	9.477
	3,5-Dimethyl-cyclohex-1-ene-4-carboxaldehyde
	0.05

	43
	9.548
	Bicyclo[5.1.0]oct-5-en-2-one
	0.27

	44
	9.653
	Octahydro-naphthalene
	0.11

	45
	9.766
	Thunbergol
	0.3

	46
	9.979
	Tetradecanal
	0.39

	47
	9.985
	Tetradecanal
	2.7

	48
	10.123
	3,7,11-Trimethyl-2,6,10-dodecatrienal
	0.3

	49
	10.422
	(E,E)-Methyl Farnesoate
	14.02

	50
	10.545
	Tetradecanal
	0.04

	51
	10.76
	5-Methoxy-1,2,3,4-tetrahydro-3-(1-hydroxy-1-methylethyl)-2-naphthol
	0.58

	52
	10.949
	(E,E)-Methyl 3,7-dimethyl-9-(3,3-dimethyloxiranyl)-2,6-nonadienoate
	2.7

	53
	11.018
	(E,E)-Methyl 9-(3,3-dimethyl-oxiranyl)-3,7-dimethylnona-2,6-dienoate
	0.94

	54
	11.081
	Tetradecanal
	1.32

	55
	11.213
	2-Methyl-2-(4-methyl-3-pentenyl)-cyclopropanemethanol
	0.09

	56
	11.424
	(E,E,E)-3,7,11,15-Tetramethylhexadeca-1,3,6,10,14-pentaene
	0.73

	57
	11.76
	4,4'-(Isopropylidene)bis
	0.06

	58
	11.893
	2-Bromotetradecane
	0.13

	59
	12.053
	Heptadecyl-oxirane
	0.09

	60
	12.67
	(E,E,E)-Methyl 3,7,11,15-tetramethyl-2,6,10,14-hexadeca-tetraenoate
	0.03



The classification of the constituents identified in the essential oil from Cyperus rotundus L. roots according to their major terpene families is presented in Table 2.
Table 2: Distribution of Chemical Compounds in the Essential Oil from Cyperus rotundus L. Roots According to Major Terpene Classes
	Chemical Class
	Main Identified Compounds
	Total Content (%)

	Hydrocarbon Monoterpenes
	α-Pinene, β-Pinene, (+)-4-Carene, (E,Z)-2,6-Dimethylocta-2,4,6-triene
	29.12

	Oxygenated Monoterpenes
	trans-4-Thujanol, (R)-4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol, (S)-α,α,4-Trimethyl-3-cyclohexen-1-methanol, (S)-2-Methyl-5-(1-methylethenyl)-2-cyclohexen-1-one, methyl esters of 3,7-dimethyl-2,6-octadienoic acid, (E,E)-Methyl Farnesoate, (E,E)-Methyl 3,7-dimethyl-9-(3,3-dimethyloxiranyl)-2,6-nonadienoate
	22.57

	Hydrocarbon Sesquiterpenes
	Copaene, β-Caryophyllene, α-Humulene, (−)-α-Panasinsene, (E,E)-α-Farnesene, di-epimer of α-Cedrene
	6.96

	Oxygenated Sesquiterpenes
	(−)-Spathulenol, Thunbergol, Octahydroazulenes, 6-Isopropenyl-4,8a-dimethyloctahydro-naphthalen-2-ol, Octahydro-1,7a-dimethyl-5-(1-methylethyl)-1,2,4-metheno-indene
	1.44



A detailed analysis of the chemical composition of the essential oil from Cyperus rotundus L. roots, confirmed by ¹³C NMR spectroscopy, shows that monoterpenes are the predominant compounds. Among them, hydrocarbon monoterpenes are the most abundant, representing 29.12% of the total compounds. The main constituents of this group are β-Pinene (22.76%), α-Pinene (4.65%), and 1-Methyl-4-(1-methylethyl)-1,4-cyclohexadiene (1.60%). Oxygenated monoterpenes, which account for 22.57% of the essential oil, are mainly represented by trans-4-Thujanol (14.74%), (S)-α,α,4-Trimethyl-3-cyclohexen-1-methanol (2.51%), and (R)-4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol (1.43%). Among the hydrocarbon sesquiterpenes (6.96%), the major compounds are 2,3,4,4a,5,6-Hexahydro-1,4a-dimethyl-7-(1-methylethyl)-naphthalene (6.66%), α-Humulene (2.34%), and Caryophyllene (1.35%). Finally, oxygenated sesquiterpenes (1.44%) include mainly Octahydro-1,7a-dimethyl-5-(1-methylethyl)-1,2,4-metheno-indene (0.68%), Thunbergol (0.30%), and (-)-Spathulenol (0.06%). All of these compounds are illustrated in Figure 3.


Figure 3: β-Pinene (a), α-Pinene (b), 1-Methyl-4-(1-methylethyl)-1,4-cyclohexadiene (c), trans-4-Thujanol (d), (S)-α,α,4-Trimethyl-3-cyclohexen-1-methanol (e), (R)-4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol (f), 2,3,4,4a,5,6-Hexahydro-1,4a-dimethyl-7-(1-methylethyl)-naphthalene (g), α-Humulene (h), β-Caryophyllene (i), Octahydro-1,7a-dimethyl-5-(1-methylethyl)-1,2,4-metheno-indene (j), Thunbergol (k), and (−)-Spathulenol (l).
II.2. Discussion
The essential oil yield obtained from fresh roots of Cyperus rotundus was 0.36 ± 0.02%, a value comparable to those reported for this species in various regions, where yields generally range between 0.2 and 0.6% (Lawalet & Oyedeji, 2009; Aghassi et al., 2013).
Chemical analysis revealed a predominance of hydrocarbon monoterpenes (30.6%) and oxygenated monoterpenes (22.2%), followed by hydrocarbon sesquiterpenes (5.9%) and oxygenated sesquiterpenes (1.3%). The major constituents identified were β-Pinene (22.8%), trans-4-Thujanol (14.7%), and α-Pinene (4.7%). This distribution strongly contrasts with most available data, where sesquiterpenes are usually dominant (Bezerra et al., 2025). For instance, in Iran, Aghassi et al. (2013) reported an oil rich in cyperene (37.9%) and cyperotundone (11.2%), with a low proportion of monoterpenes. Similarly, Lawalet and Oyedeji (2009) described South African oils dominated by α-Cyperone (7.9–11.0%) and β-Pinene (5.3–11.3%), the latter being common but rarely predominant. These differences indicate that the Daloa sample represents a distinct chemotype, characterized by exceptionally high levels of β-Pinene and trans-4-Thujanol, the latter rarely found at such concentrations (Prieto et al., 2011; Schmidt et al., 2012).
From a pharmacological perspective, the chemical composition obtained is of particular interest. β-Pinene is documented for its antimicrobial, antioxidant, and anti-inflammatory properties (Salehi et al., 2019), while α-Pinene exhibits bronchodilator, analgesic, and anti-inflammatory effects (Yang et al., 2016). As for trans-4-Thujanol, or sabinene hydrate, its high abundance is noteworthy, as oils rich in this compound demonstrate significant antifungal and antibacterial activities (Schmidt et al., 2012; Prieto et al., 2011).
Furthermore, the minor sesquiterpenes, such as Caryophyllene and α-Humulene, are known for their anti-inflammatory, cytotoxic, and antitumor properties (Fidyt et al., 2016; Miguel, 2010). Their synergistic contribution with monoterpenes could enhance the overall biological efficacy of the essential oil.
The chemical variability observed across different regions can be attributed to several environmental factors: soil composition and pH, humidity, temperature, altitude, phenological stage, as well as the extraction methods employed (Bertoli et al., 2011; Taheri et al., 2021). These parameters influence the biosynthesis of secondary metabolites, modulating the relative proportion of monoterpenes and sesquiterpenes, leading to specific chemotypes (Brahmi et al., 2017).
Thus, the chemotype identified in Daloa, dominated by β-Pinene and trans-4-Thujanol, clearly differs from the typical C. rotundus profiles. This unique character suggests a promising therapeutic potential, particularly against bacterial, fungal, and inflammatory conditions, as well as for agro-food applications as natural preservative agents (Bakkali et al., 2008; Burt, 2004).
Conclusion
The essential oil from fresh roots of Cyperus rotundus from Daloa, obtained with a yield of 0.36 ± 0.02%, exhibits a distinctive chemical profile, dominated by β-Pinene and trans-4-Thujanol, in contrast to the typically sesquiterpene-rich profiles reported. This particular chemotype endows the oil with biologically relevant properties, opening perspectives for the development of natural pharmaceutical and agro-food products. Furthermore, this study highlights the importance of regional chemical characterization of essential oils, an essential prerequisite for their industrial valorization and the establishment of sustainable production chains in Côte d’Ivoire.
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