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ABSTRACT
Aims: Zingiber officinale is grown in various regions of Côte d’Ivoire in two varieties (yellow and white). This study aims to identify the chemical markers that distinguish the essential oils of the cultivars of this aromatic plant.  
Study design: The objective was to assess the chemical variability of Zingiber officinale cultivars according to their growing region in Côte d'Ivoire.
Place and Duration of Study: This study was conducted at the Laboratory of Bioorganic Chemistry and Natural Products, University Nangui ABROGOUA (Abidjan, Côte d’Ivoire) between 2021 and 2022.
Methodology: Chemical analysis was performed using gas chromatography coupled with mass spectrometry (GC/MS) and nuclear magnetic resonance (NMR) on samples of essential oil extracted from the yellow and white rhizomes of Z. officinale via Clevenger hydrodistillation.  
Results: The yields obtained ranged from 0.1512 to 0.1824% for the white cultivar and from 0.1452 to 0.1908% for the yellow cultivar. A total of 74 volatile compounds were identified in each sample, accounting for more than 97% of the constituents of these essential oils. The essential oils consist mainly of monoterpenes (77.26–83.68% for the white cultivar and 79.27–79.58% for the yellow cultivar), dominated by 1,8-cineole, camphene, geranial, and neral. Sesquiterpenes constitute the second largest class of compounds (11.69–17.76% and 14.43–15.39%, respectively), followed by small proportions of aliphatic compounds (~2%) and diterpenes, notably geranyl linalool (<1%). 
Conclusion: These results highlight a qualitative homogeneity in the chemical composition of the ginger essential oils studied, despite quantitative variations related to geographic origin and cultivar.
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1. INTRODUCTION
Zingiber officinale, a plant species belonging to the Zingiberaceae family, is cultivated in several warm regions of Côte d’Ivoire and has a wide range of applications, particularly in the spice trade, folk medicine, gastronomy, cosmetics, and food technology, such as juice production (Ayodele and Sambo, 2014). Zingiber officinale, better known as ginger, is not native to Côte d’Ivoire but originates from Southeast Asia; it subsequently spread throughout Asia and to every continent. In traditional Chinese medicine, its use dates back 2,500 years (Shukla and Singh, 2007). Today, ginger is used by more than 80% of the world’s population in traditional medicinal practices (Tanaka et al., 2015) and is reputed to be effective in treating conditions such as rheumatic diseases, muscle pain, atherosclerosis, migraines, rheumatoid arthritis, chronic inflammatory diseases, hypercholesterolemia, ulcers, depression, and impotence (Srivastava and Mustafa, 1992; Chrubasik et al., 2005). 
Studies have been conducted on the aromatic properties of ginger powder (Chou et al., 1981), ginger processing methods and its applications in unsweetened natural beverages (Sarr, 1992), as well as the nutritional value of ginger (Pradeep et al., 1993; Amani et al., 2004). It also contains various chemical compounds, such as essential oils and non-volatile compounds (Al-Dhahli et al., 2020). Ginger varieties differ in terms of their essential oil yield, chemical composition, and morphological characteristics. White and yellow ginger varieties are the most widely cultivated worldwide (Sritoomma et al., 2014; Setzer et al., 2021). The importance of ginger lies particularly in its essential oils, which are widely recognized for their biological properties. In fact, the volatile compounds, which account for approximately 1–3% of the total mass, consist mainly of sesquiterpenes such as bisabolene, zingiberene, zingiberol, sesquiphellandrene, and curcumene, as well as various oxygenated compounds (Huang et al., 2011; Bhattarai et al., 2018). In addition, ginger is of major economic importance worldwide (Nandkangre et al., 2015). Côte d'Ivoire is Africa's third-largest producer of ginger, behind Nigeria and Cameroon. The industry is currently undergoing a major restructuring to transition from small-scale farming to more industrial-scale production (FIRCA, 2019). The chemical composition of Zingiber officinale essential oils is strongly influenced by several factors, including geographic origin, extraction methods, and the physiological state of the rhizomes (fresh or dry) (Jayashree et al., 2014; Hordofa et al., 2020). 
This study was therefore undertaken with the aim of contributing to the development of Z. officinale by presenting, for the first time in Côte d’Ivoire, a comparison of the chemical composition of essential oils from three different regions using chromatographic and spectroscopic methods. 
2. MATERIEL AND METHODS
2.1. Plant material
Fresh rhizomes of white and yellow ginger were harvested from smallholder farms in the regions of Moronou, Gontougo, and Lôh-Djiboua, three different regions of Côte d’Ivoire, where white and yellow ginger are primarily produced (FIRCA, 2019).  
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Figure 1: Rhizomes of Z. officinale: (a) whole rhizomes; (b) sliced white and yellow rhizomes

2.2. Extraction of Essential Oïl 
The essential oils from Z. officinale were extracted using a Clevenger-type hydrodistiller connected to a 10-liter pressure cooker. Five kilograms of chopped fresh rhizomes were placed on a metal rack inside the pressure cooker, along with 1.5 litters of distilled water. The mixture was brought to a boil on a hot plate for 4 hours.
When water vapor comes into contact with the plant material, it causes the cells to burst, and the volatile compounds are then carried away and condensed on the condenser. Through liquefaction, the resulting mixture falls into the essential oil collector, where the essential oil separates by gravity and rises to the surface of the water. The resulting essential oil was then transferred to a test tube, dried over anhydrous CuSO₄ (Djê Bi, 2016), and stored in tinted, hermetically sealed pill bottles, kept upright in a refrigerator at -6°C until used for chemical analyses and biological tests (Telphon, 2003). For each variety of Z. officinale, the yield of essential oil obtained was estimated as a percentage. 


2.3. Analysis of the chemical composition of essential oils by GC/MS
The composition of the essential oils was determined by gas chromatography (GC) using a flame ionization detector (FID) coupled with a mass spectrometer (MS). The gas chromatographic analyses were performed using a Perkin Elmer Autosystem XL instrument, equipped with an automatic injector and a nonpolar column (Rtx-1) (internal diameter: 60 μm × 0.22 mm, film thickness 0.25 μm), coupled with a Perkin Elmer Turbo Mass mass detector. The composition of the essential oils was identified by comparing their retention indices (RI) or Kowat indices, their mass spectra with those in the literature, or their molecular weights with reference compounds from the NIST library.
2.4. NMR analysis
Based on the chromatographic profile, the samples underwent 13C NMR analysis. 
The spectra were recorded on a Bruker 400 MHz instrument, equipped with a 5 mm probe operating at 100 MHz for carbon-13, in deuterated chloroform (CDCl3) spiked with tetramethylsilane (TMS). Chemical shifts are given in ppm (δ) relative to TMS taken as the internal standard. The 13C spectra were recorded with the following parameters: pulse angle 45°, acquisition time = 2.7 s corresponding to a 128K acquisition with a spectral width (SW) of 24,000 Hz (approximately 240 ppm), D1 relaxation time = 0.1 s; digital resolution of 0.183 Hz/pt. The number of accumulations ranges from 2,000 to 5,000 for each recording. The signal data (FID) are multiplied by an exponential function (LB = 1.0 Hz) prior to Fourier transformation. The spectra are acquired using software provided by the spectrometer manufacturer (Bruker Topspin™) and processed using Mestre Lab Mest RENOVA software (version 6.0.2-5475).
3. RESULTS AND DISCUSSION 
3.1. Organoleptic characteristics of essential oils from ginger rhizomes
The essential oils obtained exhibit a generally uniform color, ranging from pale yellow to light yellow, as well as a characteristic and persistent aromatic odor. However, a slightly more pronounced olfactory intensity was observed for essential oils derived from yellow ginger compared to those from white ginger.
3.2. Extraction yield 
The essential oil content, shown in Table 1, varies depending on the region and cultivar. The essential oil content of white ginger rhizomes ranges from 0.1512% to 0.1824%, while that of yellow ginger rhizomes ranges from 0.1452% to 0.1908% across different regions.
Table1: Extraction yield of essential oils from Z. officinale
	
	Moronou
	Lôh-Djiboua
	Gontougo 

	Samples
	GBB
	GJB
	GBH
	GJH
	GBK
	GJK

	Essential oils mass (g)
	7.56
	7.32
	9.12
	9.54
	8.59
	8.23

	Yield (%)
	0.1512
	0.1464
	0.1824
	0.1908
	0.1718
	0.1646


White Ginger: GBB, GBH, GBK; Yellow Ginger: GJB, GJH, GBK
In the Lôh-Djiboua region, the essential oil content of yellow ginger rhizomes (0.1908%) is higher than that of white ginger rhizomes (0.1824%). In contrast, in the Moronou and Gontougo regions, the essential oil yield of white ginger rhizomes (0.1512% and 0.1718%, respectively) is significantly higher than that of yellow ginger (0.1464% and 0.1646%, respectively). To date, few studies have explicitly compared essential oil yields between white and yellow ginger varieties, as existing research generally does not specify the type of cultivar used. However, some research reports indicate that fresh ginger rhizomes contain an average of 1–3% volatile essential oil (Prasad et al., 1977; Sharma et al., 2002; Sasidharan et al., 2010; Ashraf et al., 2017). This would imply that the essential oil yields obtained in this study are relatively low. However, some studies report essential oil yields comparable to those obtained in this study. For example, in the study by Al-Dhahli et al. (2020), ginger rhizomes from Saudi and Chinese species yielded 0.2% and 0.14%, respectively. Authors such as Nkuete et al. (2021) obtained a yield of 0.19% of essential oil extracted from Cameroonian ginger rhizomes. Furthermore, in the work of Andria et al. (2010), higher yields (up to 0.49%) were also reported for fresh, grated rhizomes. Consequently, extraction is more effective when the surface area of the plant exposed to water is small, allowing for the complete release of volatile constituents. 
The yields obtained in this study are therefore consistent with reports that have noted that variations in yields can be attributed to several factors, including agroecological conditions, geographic origin, the growing and harvesting periods, as well as experimental extraction conditions, the origin of the ginger, and other environmental factors (Onyenekwe and Hashimoto, 1999). In particular, increasing the contact surface area between the plant material and water promotes better release of volatile compounds, thereby improving the overall extraction yield.
3.3. Chemical composition of essential oils
A total of 74 volatile compounds were identified, present in varying proportions in each sample (Table 2). 
Table 2: Chemical composition of essential oils extracted from Z. officinale rhizomes
	N°
	COMPOSES CHIMIQUES 
	RI a
	RI p
	GBB (%)
	GJB (%) 
	GBH (%)
	GJH (%) 
	GBK (%)
	GJK (%) 
	Identification 

	1
	Hexanal
	777
	1088
	0.10
	0.14
	0.14
	0.12
	0.12
	0.18
	RI, MS

	2
	Heptan-2-one
	869
	1187
	0.10
	tr
	tr
	tr
	tr
	0.12
	RI, MS

	3
	Heptan-2-ol
	886
	1311
	0.85
	0.42
	0.30
	0.38
	0.38
	0.52
	RI, MS

	4
	Tricyclene
	922
	1019
	0.22
	0.22
	0.20
	0.20
	0.20
	0.22
	RI, MS

	5
	[bookmark: _Hlk207554731]-pinene
	932
	1019
	3.04
	3.30
	2.79
	2.86
	2.96
	3.27
	RI, MS, NMR 13C

	6
	Camphene
	946
	1070
	14.96
	14.70
	13.79
	14.07
	14.16
	14.74
	RI, MS, NMR 13C

	7
	6-methylhept-5-en-2-one
	964
	1341
	0.86
	1.00
	0.86
	0.85
	0.89
	1.04
	RI, MS, NMR 13C

	8
	Sabinene 
	967
	1095
	tr
	tr
	tr
	tr
	tr
	tr
	RI, MS

	9
	-Pinene 
	972
	1115
	0.44
	0.50
	0.43
	0.46
	0.41
	0.47
	RI, MS, NMR 13C

	10
	Myrcene
	982
	1165
	1.45
	1.70
	1.26
	1.36
	1.56
	1.59
	RI, MS

	11
	-Phellandrene
	999
	1169
	0.17
	0.20
	0.14
	0.18
	0.27
	0.23
	RI, MS

	12
	p-Cymene 
	1013
	1012
	0.10
	tr
	tr
	tr
	tr
	tr
	RI, MS

	13
	Limonene 
	1023
	1205
	1.86
	1.91
	1.68
	1.80
	1.92
	1.83
	RI, MS, NMR 13C

	14
	1,8-Cineole 
	1023
	1244
	17.77
	15.99
	17.59
	18.26
	15.41
	16.06
	RI, MS, NMR 13C

	15
	(E)--Ocimene
	1034
	1249
	0.13
	0.11
	0.12
	0.16
	0.14
	0.14
	RI, MS

	16
	Nonan-2-one
	1072
	1391
	0.25
	0.14
	tr
	tr
	0.13
	0.15
	RI, MS

	17
	Terpinolene 
	1080
	1280
	0.49
	0.49
	0.43
	0.45
	0.45
	0.42
	RI, MS, NMR 13C

	18
	Cis-hydrate de sabinene
	1082
	1541
	0.55
	0.41
	0.64
	0.55
	0.39
	0.45
	RI, MS

	19
	[bookmark: _Hlk207554755]Linalol 
	1086
	1548
	2.03
	1.83
	2.26
	2.07
	2.15
	1.86
	RI, MS, NMR 13C

	20
	Fenchol 
	1087
	1581
	0.30
	0.16
	0.10
	0.12
	0.14
	0.16
	RI, MS, NMR 13C

	21
	Undecane 
	1101
	1101
	tr
	tr
	0.10
	tr
	tr
	tr
	RI, MS, NMR 13C

	22
	Trans-p-menth-2-en-1-ol
	1110
	1629
	0.11
	tr
	tr
	0.10
	tr
	tr
	RI, MS, NMR 13C

	23
	Camphre 
	1124
	1519
	0.41
	0.32
	0.44
	0.40
	0.36
	0.36
	RI, MS, NMR 13C

	24
	Citronellal 
	1133
	1482
	0.31
	0.41
	0.26
	0.40
	0.44
	0.36
	RI, MS, NMR 13C

	25
	Hydrate de camphène
	1135
	1597
	0.32
	0.22
	0.31
	0.30
	0.25
	0.23
	RI, MS, NMR 13C

	26
	Menthone
	1143
	1462
	0.30
	0.20
	0.23
	0.25
	0.20
	0.18
	RI, MS, NMR 13C

	27
	Borneol
	1151
	1702
	6.65
	4.74
	7.27
	6.64
	5.52
	4.86
	RI, MS, NMR 13C

	28
	Isogeranial
	1160
	1581
	0.29
	0.16
	0.15
	0.18
	0.15
	0.14
	RI, MS

	29
	p-cymene-8-ol
	1162
	1801
	0.18
	tr
	0.22
	0.17
	tr
	0.10
	RI, MS, NMR 13C

	30
	Terpinen-4-ol
	1164
	1602
	0.68
	0.53
	0.65
	0.65
	0.54
	0.52
	RI, MS, NMR 13C

	31
	Myrtenal
	1172
	1629
	0.28
	0.20
	0.34
	0.30
	0.24
	0.20
	RI, MS

	32
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	1174
	1697
	2.72
	2.30
	2.99
	2.91
	2.13
	2.33
	RI, MS, NMR 13C

	33
	Citronellol
	1212
	1767
	0.42
	0.68
	0.33
	0.40
	0.69
	0.73
	RI, MS, NMR 13C

	34
	Neral
	1217
	1683
	11.30
	9.93
	9.71
	10.27
	9.82
	10.03
	RI, MS, NMR 13C

	35
	3-Methylbutyl hexanoate
	1235
	nd
	0.31
	0.32
	0.33
	0.36
	0.26
	0.34
	RI, MS, NMR 13C

	36
	Geraniol
	1236
	1834
	0.36
	1.60
	0.64
	0.38
	1.27
	1.78
	RI, MS, NMR 13C

	37
	(E)-Dec-2-enal
	1239
	1655
	tr
	tr
	tr
	tr
	tr
	tr
	RI, MS, NMR 13C

	38
	Geranial 
	1245
	1734
	15.84
	15.15
	14.17
	14.71
	14.39
	14.60
	RI, MS, NMR 13C

	39
	Bornyl acetate
	1271
	nd
	tr
	0.24
	tr
	tr
	0.14
	0.23
	RI, MS

	40
	Undecan-2-one
	1275
	1599
	0.18
	0.12
	tr
	tr
	0.12
	0.12
	RI, MS, NMR 13C

	41
	Neral-6,7-epoxy
	1335
	1956
	0.13
	tr
	tr
	tr
	0.11
	0.12
	RI, MS, NMR 13C

	42
	Geranyl acetate
	1361
	1758
	tr
	1.14
	0.42
	0.12
	0.68
	0.92
	RI, MS, NMR 13C

	43
	β-elemene
	1388
	1563
	0.12
	0.18
	0.15
	0.15
	0.19
	0.18
	RI, MS, NMR 13C

	44
	Geranyl acetone
	1418
	1850
	tr
	tr
	tr
	0.10
	0.15
	0.12
	RI, MS, NMR 13C

	45
	(EE)-β-Farnesene
	1448
	1673
	tr
	0.05
	tr
	tr
	0.05
	0.05
	RI, MS, NMR 13C

	46
	Ar-curcumene
	1471
	1775
	1.08
	0.94
	1.40
	1.14
	1.35
	1.15
	RI, MS, NMR 13C

	47
	Germacrene D
	1476
	1709
	0.30
	0.33
	0.24
	0.23
	0.35
	0.30
	RI, MS

	48
	Tridecan-2-one
	1482
	1801
	tr
	tr
	tr
	tr
	tr
	tr
	RI, MS, NMR 13C

	49
	α-zingiberene
	1487
	1722
	2.66
	4.20
	3.67
	3.64
	5.11
	4.63
	RI, MS, NMR 13C

	50
	cis-γ-cadinene
	1494
	nd
	0.36
	0.50
	0.53
	0.53
	0.63
	0.52
	RI, MS

	51
	(E,E)-α-farnesene
	1497
	1751
	0.57
	1.16
	0.79
	0.74
	1.24
	1.23
	RI, MS, NMR 13C

	52
	β-bisabolene
	1502
	1728
	0.63
	0.85
	0.87
	0.82
	1.06
	0.97
	RI, MS, NMR 13C

	53
	Sesquicinene 
	1506
	1744
	tr
	tr
	tr
	tr
	tr
	tr
	RI, MS, NMR 13C

	54
	β-sesquiphellandrene
	1515
	1770
	1.34
	1.89
	1.84
	1.77
	2.25
	2.00
	RI, MS, NMR 13C

	55
	(E)-γ-Bisabolene
	1528
	1760
	0.15
	0.09
	0.16
	0.17
	0.16
	0.14
	RI, MS, NMR 13C

	56
	β- elemol
	1535
	2078
	0.38
	0.69
	0.49
	0.50
	0.67
	0.55
	RI, MS, NMR 13C

	57
	Trans- Hydrate sesquisabinene 
	1542
	1997
	0.13
	0.17
	0.18
	0.16
	0.19
	0.16
	RI, MS, NMR 13C

	58
	(E)-Nerolidol 
	1549
	2041
	0.45
	0.57
	0.56
	0.50
	0.49
	0.46
	RI, MS, NMR 13C

	59
	7-Epi-Cis Hydrate Sesquisabinene
	1576
	2100
	0.29
	0.40
	0.42
	0.39
	0.45
	0.35
	RI, MS, NMR 13C

	60
	Zingiberenol I
	1600
	2111
	0.53
	0.67
	0.65
	0.63
	0.67
	0.57
	RI, MS, NMR 13C

	61
	Epi--Eudesmol 
	1608
	nd
	0.20
	0.30
	0.28
	0.26
	0.29
	0.24
	RI, MS

	62
	Sesquisabinene hydrate
	1611
	nd
	0.32
	0.34
	0.38
	0.37
	0.39
	0.28
	RI, MS

	63
	Zingiberenol II
	1615
	2178
	0.53
	0.59
	0.62
	0.61
	0.57
	0.48
	RI, MS, NMR 13C

	64
	γ-eudesmol
	1619
	2159
	0.12
	tr
	0.13
	0.13
	0.12
	tr
	RI, MS

	65
	β-eudesmol
	1635
	2224
	0.50
	0.53
	0.64
	0.60
	0.53
	0.42
	RI, MS, NMR 13C

	66
	α -eudesmol
	1638
	2216
	0.20
	0.18
	0.23
	0.22
	0.18
	0.14
	RI, MS

	67
	(Z)-pentadec-6-en-2-one
	1641
	2030
	0.16
	0.13
	0.18
	0.18
	0.15
	0.11
	RI, MS, NMR 13C

	68
	β‐bisabolol
	1654
	2165
	tr
	tr
	tr
	tr
	tr
	tr
	RI, MS

	69
	Geranyllinalool
	1671
	nd
	0.39
	0.50
	0.55
	0.52
	0.56
	0.46
	RI, MS, NMR 13C

	70
	(2Z,6Z)-Farnesol
	1676
	nd
	0.62
	0.48
	0.90
	0.74
	0.66
	0.45
	RI, MS, NMR 13C

	71
	(2Z, 6Z)-Farnesal 
	1690
	nd
	0.10
	0.10
	0.13
	0.12
	0.10
	0.09
	RI, MS, NMR 13C

	72
	(2E,6E)-farnesol
	1699
	2355
	0.14
	tr
	tr
	tr
	tr
	tr
	RI, MS, NMR 13C

	73
	Phytone
	1716
	2174
	0.10
	0.12
	0.13
	0.12
	0.11
	0.10
	RI, MS, NMR 13C

	74
	(2E,6E)-Farnesyl Acetate 
	1814
	2262
	tr
	tr
	0,11
	tr
	tr
	tr
	RI, MS

	TOTAL (%)
	98.56 %
	97.78 %
	97.55 %
	97.81 %
	97.57 %
	97.62 %
	

	HYDROCARBON MONOTERPENES
	22.86%
	23.3%
	20.83%
	21.54%
	22.08%
	22.90%
	

	OXYGENATED SESQUITERPENES
	60.82%
	56.36%
	58.74%
	59.28%
	55.18%
	56.37%
	

	HYDROCARBON SESQUITERPENES
	7.07%
	10.06%
	9.65%
	9.19%
	12.34%
	11.11%
	

	OXYGENATED SESQUITERPENES
	4.62%
	5.15%
	5.74%
	5.34%
	5.41%
	4.27%
	

	DITERPENES
	0.39%
	0.50%
	0.55%
	0.52%
	0.56%
	0.46%
	

	OTHERS
	2.81%
	2.28%
	1.90%
	1.89%
	2.05%
	2.59%
	

	The elution order and percentages (%) are given for a nonpolar column (BP-1). RIa and RIp: retention indices measured on a nonpolar column (BP-1) and a polar column (BP-20), respectively.
tr: content less than 0.10%; components with tr < 0.05% are not recorded




3.4. Chemical variability of different cultivars
The chemical composition of the six essential oil samples obtained from white and yellow ginger rhizomes harvested in three different regions of Côte d'Ivoire showed no significant differences. All identified volatile compounds were common to all six samples. In the Lôh-Djiboua and Gontougo regions, yellow ginger rhizomes (97.81% and 97.62%, respectively) and white ginger rhizomes (97.55% and 97.56%, respectively) showed very similar identification rates, while white ginger rhizomes (98.56%) from the Moronou region showed a significantly higher identification rate than yellow ginger rhizomes (97.78%). Figure 2 shows the different families of compounds found in the essential oils of the white cultivar, while Figure 3 illustrates the composition of the yellow cultivars from different regions.  
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	Figure 2: Chemical variability of white cultivars
	



 	
Figure 3: Chemical variability of yellow cultivars

Each sample contained 23 oxygenated monoterpenes, representing more than half of the total composition. The chemical composition of each essential oil sample is dominated by monoterpenes, followed by sesquiterpenes. The other constituents were identified in significant proportions. Regarding white ginger rhizomes, the essential oil from the Moronou region is richest in monoterpenes (83.68%), followed by the essential oil from the Lôh-Djiboua region (79.58%) and that from the Gontougo region (77.26%). As for yellow ginger rhizomes, the essential oils have roughly the same proportions of monoterpenic compounds (79.3% to 80.8%) and the same proportions of sesquiterpenes (14.5% to 15.4%). In each type of rhizome, the proportion of diterpenes appears to be negligible.
An oxygenated monoterpene, 1,8-Cineole, was the most abundant volatile phytochemical in each sample. The essential oil produced from the rhizomes of yellow ginger from Lôh-Djiboua had the highest 1,8-cineole content (18.26%). This compound is widely reported in the essential oils of ginger rhizomes from various regions of the world, notably Cameroon, Nigeria, India, Thailand, China, etc. Indeed, the concentration of 1,8-cineole was quite comparable to that reported by Nkuete et al. (2022), which was 15.54% in the species native to Cameroon. However, Markson et al. (2018) reported a higher concentration of 1,8-cineole (22.63%) in the essential oil of ginger rhizomes harvested in Nigeria and a low concentration of 2.4% 1,8-cineole in the Indian species analyzed by Sasidharan et al. (2010). In the work of Al-Dhahli et al. (2020), 1,8-cineole was completely absent in the Chinese and Saudi species. Results from previous studies conducted on ginger rhizomes from Chinese, Guinean, and sub-Himalayan regions have shown that variations in the chemical composition of different ginger cultivars are influenced by geographic origin, climatic conditions, maturity at harvest, plant age, harvest period, and extraction method, etc. (Toure and Xiaoming, 2007; Nampoothir, 2012; Onyenekwe and Hashimoto, 1999). Several authors have thus demonstrated that α-zingiberen is the main constituent of ginger rhizomes from Ghana, Nigeria, Cameroon, Thailand, Poland, Australia, and India, whereas oil from Cuba and Brazil contains ar-curcumene as the main component (Menon et al., 2007; Nogueira de Melo et al., 2011). The results obtained in the present study are generally consistent with the trends reported in the literature, while confirming the existence of quantitative variability in the major constituents depending on the production conditions and origin of the samples.

4. Conclusion 
All of the identified compounds are present in all six samples, indicating qualitative homogeneity regardless of geographic origin. The results obtained open up interesting prospects for the development of essential oils from Zingiber officinale originating from the various regions studied. Although the qualitative chemical composition is generally homogeneous, the quantitative variations observed suggest the influence of environmental and agronomic factors, which warrant further investigation through multi-site and multi-season studies.  Furthermore, optimizing extraction conditions (duration, technique, condition of the plant material) could help improve yields and modulate the chemical composition of the essential oils. 
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