



Characterisation of bioactive compounds from whole seeds of Aframomum daniellii (Ataiko) by GC-MS


ABSTRACT:  Ataiko (Aframomum daniellii or African cardamom), as it is called in the local dialect by some Nigerian communities, is consumed as a soup spice in traditional dishes. Substantial research work has been done on the essential oils of the various members of the genus Aframomum. However, there is a dearth of information on bioactive compounds present in whole seeds of the genus Aframomum.  The study was conducted to identify the bioactive compounds present in the methanol and dichloromethane/methanol extracts of whole seeds of A. daniellii (ie Ataiko). Ataiko seeds were sourced from Afor Oru, Ahiara in Ahiazu Mbaise L.G.A, Imo State, Nigeria. Gas Chromatography-Mass Spectrometry was used to elucidate bioactive compounds present in the whole seeds. Two solvents, namely methanol and dichloroethane/methanol (1:1, v/v), were used for the extraction of hydrophilic and hydrophobic bioactive compounds, respectively. Quantitative determinations were made by relating peaks to TIC areas of the GCMS. Results indicated the presence of 11 bioactive compounds in both extracts. The most abundant bioactive compounds in the methanol extract were linoelaidic acid, Z,Z,-10,12-hexadecadiene-1-ol-acetate, nonanoic acid, cyclohexane, 4-pentyl-1-1(4-propylcyclohexyl) and n-hexadecanoic acid in proportions of  30.90, 22.51, 14.88, 12.08 and 8.88%, respectively. Most abundant compounds in the dichloromethane/methanol extract were cis-Vaccenic acid, 9-12- Octadecanoic acid (Z, Z), n-hexadecanoic acid and octadecanoic acid in proportions of 40.39, 13.95, 13.44, 10.33 and 9.89%, respectively. Solvents used for extraction influenced the nature of the compounds present in them.  Bioactive compounds present in both extracts have been reported to have various biological effects. As such, whole Ataiko seeds are of benefit not just as soup/stew spice alone but also as a therapeutic and a good substrate for nutraceuticals, in pharmacology and new drug development.
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INTRODUCTION
	Spices are pungent, colored, aromatic dried plant substances used mainly for seasoning food (Ganie et al., 2022). They come from plant parts, namely roots, rhizomes, stems, leaves, barks, flowers, fruits and seeds (USDA,2024). Spices are used in the preparation of food and culinary for various reasons, ranging from organoleptic value to being medicinal. These spices play a crucial role in nutrition, medicine and fragrance (Essien et al., 2017).  Epidemiological studies have shown that societies/human populations which are known to consume various types of spices and herbs as part of their diet have reduced prevalence of chronic and degenerative diseases which stem from uncontrolled metabolic syndromes.   Spices constitute an important group of horticultural commodities, since antiquity have been considered indispensable in the culinary arts for flavouring foods. Some are used in pharmaceuticals, perfumery, and cosmetics, and several others possess colourant, preservative, antioxidant, antiseptics, and antibiotic properties (Dawodu et al., 2023). They play a key role in nutrition through many pathways as a result of being rich sources of phenolic compounds with antioxidant activities (Fasioyiro, 2015). Spices provide useful effects such as antioxidant activities that are comparable to regular chemical antioxidants, and so they can be used as natural alternatives to synthetic preservatives (Jessica Elizabeth et al., 2017). Aside from being medicinal and having peculiar flavours which have an influence on sensorial attributes accrued to them, they also play preservative roles. All these beneficial effects of spices are due to the presence of phytochemicals synthesised as secondary metabolites, and they have various bioactivities.
	Spices or their active compounds could be used as possible ameliorative or preventive agents for various health disorders such as diabetes, cardiovascular diseases, arthritis and cancer owing to their anti-proliferative, anti-hypercholesterolemic, anti-diabetic, and anti-inflammatory potentials (Vasanthi and Parameswari, 2010). Diets abundant in phytochemical-containing herbs and spices can contribute to decreasing the risk of chronic diseases (Mackonochie et al., 2023). Scientific studies suggest that they are potent inhibitors of tissue damage and inflammation caused by high concentrations of blood sugar and circulating lipids (Vasanthi and Parameswari, 2010). Throughout history, spices have been utilised for their pharmaceutical attributes and as culinary enhancement (Abdel-Moneim et al, 2023). Currently, there is a need to identify and quantify bioactive compounds present in various pharmacologically important food items in spices, so as to use them in various applications that will benefit humans beyond culinary purposes. Based on the value and the demand of spices at the global level, there has been increasing research interest in these products, not only for the nutritional and bioactive compounds but also for the search of biochemical compounds responsible for the aroma, and minor volatile and flavouring constituents having health-promoting activities in spices (Djiazet et al., 2023; Rizawi et al., 2025).
	Gas chromatography-mass spectrometry (GC-MS) technique is an analytical tool that is widely used in the identification and discovery of new bioactive compounds. It helps in providing a wealth of information about the therapeutic potentials of plants (Momodu et al, 2022). The extraction efficiency of bioactive compounds depend on the type of solvent used. Each type of material has a suitable solvent for the extraction of the targeted compound (Sasidharan et al, 2011). Extraction of hydrophilic compounds utilises polar solvents such as methanol, ethanol and ethyl acetate, while more lipophilic compounds are best extracted using dichloromethane or a mixture of dichloromethane/methanol(v:v,1:1) (Sasidharan et al, 2011).  Fourier transform infrared spectroscopy (FTIR) has been shown to be a worthy tool for the characterisation and identification of compounds of functional groups/chemical bonds present in an unknown mixture of plant extract (Zarina et al., 2019).
	Aframomum species belong to the family Zingiberaceae (Van et al., 2021) and are ecologically different from other members of this family (Adegoke et al., 2016). Aframomum K. Schum is native to West and Central Africa; members of this genus are aromatic with perennial rhizomatous herbs (Van et al., 2021). Various plant parts contain essential oils which are mainly made up of sesquiterpene hydrocarbons, oxygenated monoterpenes, oxygenated sesquiterpenes and monoterpene hydrocarbons (Van et al., 2021). Aframomum species are widely used as food supplements and remedies in folklore medicine for the management of several diseases (Adefegha and Oboh, 2012). Aframomum daniellii is one of such Aframomum species that grow in tropical West Africa (Adegoke et al., 2016). Aframomum daniellii (Hook.f) is synonymous to Aframomum afzelii (Hook.f), Aframomum augustifolium T.Hanb, Cardamomum daniellii (Hook.f) Kuntze (Van et al., 2021).    Aframomum daniellii is used in ethno-medicine for the treatment of several ailments and as a traditional food spice (Essien et al., 2017).   It is used as a soup spice in some African cuisines such as 'banga soup' in Niger Delta region of Nigeria and 'ofeakwu’, South East of Nigeria. It is a nutritive and aromatic flavorant and is called 'Mbongo spice', 'bastard melegueta', 'alligator pepper', 'African Cardamom' (Adegoke et al., 2016). It is called ‘Ataiko’ in the Southeast region of Nigeria. Essential oil from A. daniellii \seeds was reported to contain 1,8-cineole (59.8%), ß-pinene (13.2%), α-terpineol (9.3%), α-pinene (4.3%) and α-terpinyl acetate (3.2%) (Adegoke et al., 2016). It exhibits broad-spectrum antimicrobial effects on some food spoilage yeasts and mycotoxin-producing moulds such as Aspergillus flavus and Aspergillus parasiticus (Adegoke et al., 2016). The genus Aframomum represents an enormous resource for novel compounds with a range of medicinal properties, and there is a need to explore novel medicinal properties of this member, Aframomum danielli (Amadi et al., 2016). Substantial research work has been done on the essential oils of the various members of the genus Aframomum. There is a dearth of information on bioactive compounds present in the whole seeds of the genus Aframomum.  Hence, the research was conducted to identify the bioactive compounds present in the methanol and dichloromethane/methanol extracts of whole seeds of A. daniellii (ie Ataiko) using gas chromatography/mass spectrometry. 
 MATERIALS AND METHODS: 
Collection and Preparation of samples: Ataiko seeds were sourced from Afor Oru, Ahiara in Ahiazu Mbaise L.G.A, Imo State, Nigeria.  Seeds were washed in clean water, drained of water and air dried before they were pulverised into fine powder using a blender. 
Extraction of Bioactive Compounds: Twenty (20) g of the pulverised seeds were dispensed into a 250 mL conical flask. Two solvents, namely absolute methanol and dichloromethane/methanol (v:v,1:1), were used for the extraction of bioactive compounds by dispensing 100 mL of each solvent into the respective samples in the conical flasks. They were mixed well on a vortex mixer for 30 min. and covered using aluminium foil. The flasks were allowed to stand at room temperature (25±2°C) for 24 h.  Consequently, each sample mixture was filtered through Whatman filter paper No. 1. Each sample extract was concentrated by heating over a boiling water bath to remove excess solvent.. These extracts were subjected to gas chromatography/mass spectrometry (GC-MS) analysis for the separation and identification of compounds.
Gas Chromatography –Mass Spectrometry Analysis (GC/MS)
GCMS analysis of bioactive compounds in the two extracts were analyzed using Agilent Technologies GC systems with GC-7890 hyphenated to a Mass spectrometer MS-5975 C Model (Agilent Technologies, Santa Clara, CA, USA) equipped with an HP 5MS Column (30mm x 0.25mm x 250µm film thickness). Helium gas (99.99%) was used as carrier gas with a flow rate of 1mL/min. The initial column temperature was set at 50-150°C with an increasing rate of 3°C/min. and hold time of 10 min. Finally, the temperature was increased to 360°C at 10°C per minute. One microliter (1µl) of each extract was diluted with the respective solvent and was injected in a splitless mode into the gas chromatogram using a Hamilton syringe. The injector temperature was 250°C while the mass spectrometer ion source temperature was 200°C with an interface temperature of 280°C and recorded over a scan range of 70 to 200 m/z for the methanol extract and 40 to 650m/z for the dichloromethane/methanol extract, but with electron impact ionisation energy of 70 eV. Total runtime for both extracts was 25 min. Relative abundance of the chemical compound present in each extract was expressed as a percentage, based on peak area normalisation produced on the chromatogram. Compounds were identified using Mass Spectrometry by comparing retention indices and mass fragmentation patterns of the compounds with those stored in the computer library software of the National Institute of Standards and Technology (NIST/EPA/NIH, Mass Spectral Library, Version 2.0). Quantitative determinations were made by relating peaks to TIC areas of the GC-MS.
RESULTS AND DISCUSSION
	Tables 1 and 2 show results on the bioactive compound present in the methanol and dichloromethane/methanol extracts of whole seeds of Aframomum danielli. Results revealed the occurrence of various compounds, which have a variety of pharmacological activities which including 11 bioactive compounds. 
	The most abundant compounds in the methanol extract were linoelaidic acid, Z, Z-10,12-hexadecadiene-1-ol acetate, nonanoic acid, cyclohexane, 4-pentyl-1-1(4-propylcyclohexyl) and n-hexadecanoic acid. These had relative abundance of 32.90, 22.51, 14.88, 12.08, and 8.88%, respectively. Linoeliadic acid is a cis-trans isomer of linoleic acid. Dutta et al. (2023) reported that linoeliadic acid from Tapra fish oil has anticancer activities via various mechanisms in apoptosis of MCF-7 breast cancer cell lines via the decrease in reduced glutathione level and increased oxidized glutathione in MCF cells, increase in tumor necrosis factor-α, increased interleukin receptor antagonist, decrease in caspase activation, decrease intracellular ATP levels. This suggests that the presence of this fatty acid in substantial quantities in the whole seeds of Aframomum danielli could proffer such activities in the human body. Rotimi et al. (2014) reported that the hexane extract of Aframomum danielli seeds has anticancer properties. Their molecular docking studies showed that the compounds responsible for the anticancer activities were 2-butanone and caryophyllene against human vascular endothelial growth factor and comparable to an anticancer drug, bevacizumab. 
	Z,Z-10,12-hexadecadine-1-ol-acetate was reported as one of the bioactive compounds present in the methanol extract of Benincasa hispida and Curcubita moschata seeds (Muzahid et al., 2022). It has a major role in the biosynthesis of prostaglandin (Kala and Ammani., 2018). Nonanoic acid, also known as pelargonic acid, is reported to be a potent compound than valproic acid in treating seizures (Chang et al., 2013). Nonanoic acid was found in the methanol extract of C. moschata seeds (Muzahid et al., 2022) and widely used to treat acute and chronic bronchitis, acute sinusitis and lower respiratory tract infection (Muzahid et al., 2022) and has antibacterial activity (Inouye et al., 2001). Cyclohexane, 4- pentyl-1-1(4-propylcyclohexyl) was found to be one of the bioactive compounds in Fenugreek seed oil, and no activity has been reported for it (Akbani et al., 2019).  n-hexadecanoic acid inhibits phospholipase A(2) in a competitive manner, hence, it is an anti-inflammatory compound and is suggested to be incorporated in medicated oils for the treatment of rheumatic symptoms in the traditional medical system in India (Aparna et al., 2012). The presence of these bioactive compounds in the whole seeds of Aframomum danielli entails that they may act in synergy, resulting in various health benefits accrued to them. Also, serve as a raw material in the production of functional ingredients and pharmacological substrates, which can be used in drug formulation for the treatment/management of various diseases. 
 Table 1: Results on bioactive compounds from methanol extract of whole 'Ataiko' (Aframomum danielli) seeds
	Peak No
	Retention Time (min)
	Compound Name
	Relative Abundance
  (%)
	Molecular
Formula
	Molecular
Weight

	1
	9.164
	Phthalic anhydride
	1.50
	C8H4O3
	148.1

	2
	15.405
	2,2-Dichloroethy propyl carbonate
	1.10
	C6H10Cl2O3
	201.03

	3
	16.422
	Dibutyl phthalate
	1.45
	C16H22O4
	278.34

	4
	17.322
	n-Hexadeanoic acid
	0.78
	C16H32O2
	256.43

	5
	17.400
	n-Hexadeanoic acid
	1.30
	C16H32O2
	256.45

	6
	17.530
	n-Hexadeanoic acid
	6.80
	C16H32O2
	256.45

	7
	18.744
	9-Oxabicyclo [6.1.0] nonane cis
	0.70
	C8H14O
	126.20

	8
	19.307
	Linoelaidic acid   
	32.90
	C18H32O2
	280.43

	9
	19.498
	Nonanoic acid  
	14.88
	C9H18O2
	158.23

	10
	19.742
	Z,Z-10,12-Hexadecadiene-1-ol acetate
	17.19
	C18H32O2
	280.40

	11
	19.984
	Z,Z-10,12-Hexadecadien -1-ol acetate
	5.32
	C18H32O2
	280.95

	12
	20.120
	Cyclohexene, 4-pentyl-1-(4-propylcyclohexyl)-
	12.08
	C20H36
	276.50

	13
	23.191
	10H-Phenoxaphosphine, 8-fluoro 10-hydroxy-2,4-dimethyl, 10-oxide
	2.81
	C14H12FO2[O-][P2]
	278.22

	14
	23.395
	3H-Pyrazol-3-one, 4-benz-oyl-2,4-dihydro-5-methyl-2-phenyl
	1.17
	C17H14N2O2
	278.31
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Fig 1: Gas Chromatograph of Methanol Extract of whole 'Ataiko' (Aframomum danielli) seeds
Table 2 shows results on the dichloromethane/methanol extract of whole seeds of Aframomum danielli. Results indicated the presence of 11 compounds. The most abundant compounds were cis-Vaccenic acid, 9,12-octadecadienoic acid (Z,Z), n-Hexadecanoic acid, octadecanoic acid and linoeliadic acid. These had relative abundance of 40.39, 13.95, 13.44, 10.33 and 9.89%, respectively.  Vaccenic acid has been discovered in some plant fats, it was also identified in the whole seeds of Aframomum danielli. It is considered a functional ingredient as a result of being a precursor to the endogenous synthesis of rumenic acid (i.e. conjugated linoleic acid by lactic acid bacteria in humans (Caballero et al., 2021). Conjugated linoleic acid has a number of health benefits such as anticancer, antidiabetic, antioxidant, anti-obesity and anti-inflammatory effects (Nasrollahzadeh et al., 2023). Hence, the presence of cis-vaccenic acid in substantial quantities in whole Ataiko seeds could proffer good health benefits when consumed. It can be a substrate for the production of conjugated linoleic acid by lactic acid bacteria (LAB) in the human gut.
	9,12-Octadecadienoic acid (Z, Z) (ie linoleic acid) observed in whole Ataiko seeds was also reported as the major bioactive compound in all the extracts of Benincasa hispida and Curcubita moschata that were studied by Muzzahid et al (2023). It plays an important role in prostaglandin biosynthesis in cell membranes, which in turn has anti-inflammatory, antihistaminic, anti-arthritic and hepatoprotective functions (Henry et al., 2002; Mensah-Agyei et al., 2020). Octadecanoic acid, ie stearic acid, is a saturated fatty acid and it is waxy. It is predominant in animal fats but also a major fatty acid found in cocoa butter and shea butter (Beare-Rogers et al., 2001). Wang et al. (2006) reported that stearic acid has neuroprotective effect against oxidative stress induced by oxygen-glucose deprivation on cortical or hippocampus through phosphatidylinositol 3-kinase dependent mechanism.
Phthalic anhydride, n-hexadecanoic acid, linoeliadic acid and 3H-pyrazol-3-one, 4-benzoyl-2,4-di-hydro-5-methyl-z-phenyl were common to both extracts. 3H-pyrazole-3-one, 4-benzoyl-2,4-dihydro-5-methyl-z-phenyl is a pyrazole derivative owing to the presence of the pyrazole nucleus in its structure, hence, it has various pharmacological properties. Pyrazoles are reported to possess a wide range of biological activities such as antimicrobial, antifungal, anti-tubercular, anti-inflammatory, anti-converseculate, anticancer, antiviral, angiotensin converting enzymes (ACE) inhibitory and estrogen receptor (ER) Ligand activity (Naim et al., 2016). 

Table 2: Bioactive compounds from dichloromethane/methanol extract of whole  Aframomum danielli seeds
	Peak No
	Retention Time (min.)
	Compound Name
	Relative Abundance
       (%)
	Molecular
Formula
	Molecular
Weight

	1
	7.087
	Dimethyl sulfoxide
	0.72
	C2H6O5
	78.13

	2
	9.220
	Phthalic anhydride
	4.99
	C8H4O3
	148.11

	3
	12.944
	Dodecanoic acid  
	2.58
	C12H24O2
	200.32

	4
	15.369
	Tetradecanoic acid  
	1.92
	C14H24O2
	228.37

	5
	17.534
	n-Hexadecanoic
	13.44
	C16H32O2
	256.43

	6
	18.735
	cis-13-Octadecenoic, methyl ester
	1.22
	C19H36O2
	296.49

	7
	19.338
	cis-Vaccenic   acid
	40.39
	C18H34O2
	282.46

	8
	19.516
	Octadecanoic acid (Stearic acid)
	10.33
	C18H36O2
	284.48

	9
	19.743
	9, 12-Octadecadienoic acid (Z,Z)
	11.52
	C18H32O2
	280.43

	10
	19.974
	9, 12-Octadecadienoic acid (Z,Z)
	2.43
	C18H32O2
	280.43

	11
	20.117
	Linoelaidic acid
	9.89
	C18H32O2
	280.45

	12
	23.163
	3H-Pyrazol-3-one, 4-benzoyl-2,4-dihydro-5-methyl-2-phenyl
	1.15
	C17H14N2O2
	278.31
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Fig 2: Gas Chromatograph of dichloromethane/methanol extract of whole 'Ataiko' (Aframomum danielli) seed
CONCLUSION
  Whole seeds of Aframomum danielli have substantial quantities of beneficial bioactive compounds such as linoelaidic acid, cis-vaccenic acid, 9,12-Octadecadienoic acid (Z,Z) acid (ie linoleic acid) and a pyrazole derivative. These compounds have profound, well-documented biological activities. Solvents used for extraction, i.e. methanol and dichloromethane/methanol (1:1,v,v), had profound effects on the ability to extract various bioactive compounds. Such solvents should be used to extract the target bioactive compound when needed. It is therefore concluded that whole Aframomum danielli seeds, which are commonly used as soup or stew spice in some African cuisines, could serve as a substrate not just for food alone but also serve in applications such as nutraceuticals, pharmacology, such as new drug development and relevant fields, owing to the presence of important bioactive compounds.
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