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Characterization and Bioactive Properties of Essential Oils from Piper guineense, Afromomum danielli, and Afrostyrax lepidophyllus

Abstract
The aim of the study was to characterization and determination of the bioactive potentials of essential oils from selected Nigerian spices [Piper guineense (African black pepper), Afromomum danielli (African cardamom) and Afrostyrax lepidophyllus (country onion)] in Nigeria. Spices are popular among Nigerians, although most of the Nigerian spices grow in the wild.  Some of these spices are lesser known owing to the localization of their usage and their under- utilization. Spices owe its biological and physiological to the presence of varying types of essential oils. The essential oils from these selected spices were extracted using steam distillation method and stored in a plastic container for analysis. The bioactive compounds present in the oils were identified using Gas Chromatography Mass Spectrometer (GC-MS). The results of the bioactive compounds of the EOs showed P. guineense had the least number of bioactive compounds (2-Octyl acetate, linalyl acetate, α-humulene, caryophyllene oxide, β-carophyllene, β-selinene, (E)-nerolidol and zingerone), followed by A. danielli (1,8-cineole, linalool, terpinen-4-ol, trans-(β)-ocimene, α-terpineol, carophyllene oxide, (Z)-linalool oxide (furanoid) and (E) linalool oxide (furanoid)), while A. lepidophyllus had the highest (1,2-benzenediol, 1,2-bis (trimethylsily) benzene, 1,4-phenylenebis (trimethyl), 2,2-dimethylpropanoic acid, 2-pyridinemethanamine, dimethyl trisulfide, disulfide, furan, methanamine, methyltris (trimethylsiloxane) silane, silicic acid and tetrasiloxane). The most abundant compound identified in P. guineense were 2-Octyl acetate and linalyl acetate which had relative abundance of 60.40% and 16.50% respectively. The most abundant compounds identified in A. danielli were 1,8-cineole and linalool with relative abundance of 37.20% and 31.30% respectively, while for A. lepidophyllus the most abundant was disulphide with the relative abundance of 52.30%. These bioactive compounds further suggest the antimicrobial and preservative properties of the oils.
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Introduction
Plants are endowed with several bioactive phytochemicals that possess medicinal properties. These may be utilized in the manufacture of a variety of health-promoting food additives and the substitution of unnatural ones (Silva et al., 2023). Hence, scientists have been able to show that plants are useful sources of valuable compounds that present promising biological value. Such compounds include phenolic compounds that have been shown to possess antimicrobial activities and antioxidant properties (Putnik et al., 2018, Spréa et al., 2022) which can possibly be used for producing functional foods/beverages. Essential oils (EOs) from spices that have been commonly used for ages in preparing some traditional African delicacies, dishes and cuisine have been found to contain these bioactive phytochemicals.   
“Essential oils (EOs) are known to be secondary metabolites of plants that consist of compounds with an isoprene structure, called terpenes. Naturally they can exist as diterpenes or triterpenes and tetraterpenes (C20, C30, and C40), or even as hemiterpenes (C5) and sesquiterpenes (C15). Inclusion of oxygen in their structure makes them terpenoids” (Cowan, 1999). “Several spice derived EOs possess varied degrees of antimicrobial action” (Swamy et al., 2016) as well as possess antioxidant properties (Beatovic et al., 2015). “They also possess the capacity to repress cancer cell activity when tried on some human cancer cell lines as tumors, glioma, breast cancer and leukemia” (Adaramoye et al., 2011, Kuete et al., 2015, Sado Kamdem et al., 2015). 
Essential oils are volatile and aromatic produces or mixtures of produce which are formed in cytoplasm occurring as tiny droplets amongst cells of plants (Toure and Xiaoming, 2007). The plant from which they are gotten gives them a characteristic taste and odour (British Pharmacopoeia Commission, 2013). This disparity in composition may be as a result of a variety of plants, geographical locations, harvesting seasons, drying methods (Di Cesare et al., 2003) and extraction methods (Karakaya et al., 2011). Quality, freshness and distinctiveness of the oil are main concerns that affect the value of essential oils (Shahidi and Zhong, 2005). Due to the nutritional values of oils and importance for industrial purposes, the use and demand of oils have increased resulting in their exploration from plants (Adolf et al., 2018). Thus, the importance of bioactive potentials of these oils is of utmost importance in our daily life. The quality of essential oils is ultimately affected by the bioactive and physicochemical properties. These properties are used in regulating their consumption as well as determining their market value (Parthiban et al., 2011). 
“Piper guineense (African black pepper) Schumach. (Piperales: Piperaceae), is a spice that is widely consumed in Nigeria and Ghana due to its nutritional, antimicrobial and medicinal properties. P.guineense is a spice plant from the family Piperaceae and from genus piper” (Elizabeth et al., 2016). “Historically African black pepper was termed as “The Black Gold” because of its commercial, economical and trade value. The presence of phytochemicals like alkaloids in both the leaves and seed extracts of P. guineense signified the possession of medicinal properties within the plant. The flavonoids possess antioxidant, anti-inflammatory, anti-tumor, anti-allergic and antiplatelet properties. They are also found to have cholesterol lowering ability” (Okoye and Ebeledike, 2013). “Research shows that P. guineense seeds has preservative and antioxidant properties” (Elizabeth et al., 2016). “The antimicrobial effect of this seed can be attributed to the phytochemicals present in it, they are rich in flavonoids, tannins, saponins and alkaloids which have been found to have antimicrobial properties. Studies have shown that the aqueous extract of P.guineense seeds has less antimicrobial activity than the ethanolic extract against bacterial and fungal isolates. This may be due to insolubility of the active compounds in water or the presence of inhibitors of antimicrobial components” (Nwinyi et al., 2023).
“Aframomum danielli is a large, robust perennial plant 3-4m tall which grows widely in West Africa. A. danielli is known as ‘uburo’ in South-eastern Nigeria. It is an underutilized plant species known to contain an enormous variety of interesting phytochemicals” (Afolabi et al., 2011, Rotimi et al., 2015). “The seeds of A. danielli are smooth, shiny, and olive brown in colour and upon crushing produce a very strong aromatic smell that resembles eucalyptus leaves, which suggests an abundance of volatile organic compounds and essential oils such as those found in Eucalyptus trees” (George et al., 2018). “The seeds of this plant are used for flavouring traditional dishes such as ‘abacha’ and the essential oil is used in perfumery, flavouring and dye preparations” (Adegoke et al, 2010). “There are a number of reports where the Aframomum species demonstrated some medicinal effects such as anticancer, antiplasmodial, antiulcer” (El-Halawany et al., 2014). Essential oils from different plant parts exhibit different biological activities.
Afrostyrax lepidophyllus is a plant of the huaceae family and is commonly found in Equatorial and Tropical Africa (Namkona et al., 2017). A. lepidophyllus commonly known as country onion in West Africa is a little studied tree native to rain forest of west central Africa, mostly found in the rumpi hill of southwest Cameroon (Tomaino et al., 2005). The seeds and barks are easily found on sale in Cameroonian and Nigerian markets and are used as spices in the traditional African cuisines according to Yang (2001). In Nigeria, the seeds of this plant are traditionally used as a spice. This spice is still largely underutilized in Nigeria; hence, the need for this research.
Materials and Methods
Materials Procurement	
Matured dried seeds of Piper guineense (African black pepper), Afromomum danielli (African cardamom) and Afrostyrax lepidophyllus (country onion) used for the study were purchased from Ose market, Onitsha, Anambra State. The dealers of these spices were interviewed to ascertain the source, degree of maturity and length of storage of these seeds. This is aimed at making sure that only matured and fresh batches of these spices were selected. Botanical identification of the plant materials was carried out in the Department of Crop Science and Biotechnology, Imo State University, Owerri. 
Extraction of essential oils (EO)
This is carried out using steam distillation method as described by Basma and Abdul-Majeed (2013). Five hundred grammes (500g) of the finely ground samples were placed into a necked round extraction flask and soaked with 700ml of water. The flask was fitted with a rubber stopper connected to a condenser and heated on a hot plate. Water and samples were mixed and allowed to boil. Water and extracted essential oils evaporated. The water at 00C flowed counter currently through the condenser to condense the ensuring steam. When the samples got heated up, the essential oils that were extracted from them mixed with the water vapour.  Both passed through the condenser and the vapour was condensed into liquid. With the use of cold water, cooling was made possible and volatilization of the essential oils was avoided. The condensate was directly collected using a 500ml beaker and then poured into a separating funnel.  This formed two layers; oil and water. The tap of the separating funnel was opened to let out the water while the oils were immediately collected into a 100ml stopper bottle. 
Identification of the Essential Oil Components
The identification of the constituents of the essential oils was performed using Hewlett Packard Gas Chromatography HP 6890 interfaced with Hewlett Packard 5973 mass spectrometer system equipped with a HP5-MS capillary column (30m X 0.25 mm id, film thickness 0.25 µm).  Analysis according to the method described by Daniela et al. (2013) in which all the sample oils were analyzed by Electron Impact ionization (EI) method on GC-17A gas chromatograph, coupled to a GC-MS 2010 plus mass spectrometer; fused silica capillary column temperature of 400[image: ] 0C (was held for 2 minutes) and maintained with carrier gas helium at a constant pressure of 90 KPa. The samples were injected by splitting with the ratio 10, after which the essential oil samples were dissolved in chloroform. The operation condition were as follows: name of column (RTS5MS) with diameter 30 x 0.25mm ID, column initial temperature 4000C (held  for 2 min), injector temperature 220[image: ] 0C, holding 5 minutes, column packing was done with 10% diethylene glycol succinate on 100-120 mesh diatomic CAW, splitting samples was injected by splitting with the split ratio 10 with the helium carrier gas at constant pressure 90 KPa and sample dissolved in chloroform range of linear temperature increase  at 10[image: ][image: ] per min.
The GC –MS analysis of the oil samples was carried out as follows: 
The flow rate of the carrier gas was adjusted to ensure reproducible retention time and to minimize detector dirt. The samples were injected using a micro-syringe through a heated injection part where it was vaporized and carried into the column. The long tube of the column was tightly packed with solid particles. The solid support was uniformly covered with a thin film of a high boiling liquid (the stationary phase). The mobile and stationary phases were partitioned by the samples and separated into the individual components. The carrier gas and sample component emerged from the column and passed through a detector. The amount of each component generates a signal which registered electrically. The signal was then passed to a detector.
Results and discussion 
The results of gas chromatography and mass spectrometry of the essential oils from P. guineense are presented in Table 1a. The results indicated the presence of eight (8) compounds. The most abundant compounds were 2-Octyl acetate and linalyl acetate which had relative abundance of 60.40% and 16.50% respectively. Other compounds that had appreciable quantities were α-humulene (6.00%), caryophyllene oxide (3.50%), β-carophyllene (2.40%) and β-selinene (1.90%). 
The results of gas chromatography and mass spectrometry of the essential oils from A. danielli are presented in Table 1b. The results indicated the presence of nine (9) compounds. The most abundant compounds were 1, 8-cineole and linalool with relative abundance of 37.20% and 31.30% respectively. Other compounds with relatively appreciable abundance were terpinen-4-ol, trans-(β)-ocimene, α-terpineol, carophyllene oxide, (Z)-linalool oxide (furanoid) and (E) linalool oxide (furanoid), with relative abundance of 7.20%, 6.30%, 3.80%, 3.20%, 2.10% and 1.90% respectively.
The results of gas chromatography and mass spectrometry of the essential oils from A. lepidophyllus are presented in Table 1c. The results indicated the presence of twelve (12) compounds. The most abundant compound was disulphide with the relative abundance of 52.30%. 

Other compounds with appreciable abundance were dimethyl trisulfide (2.80%) and silicic acid (2.15%). 

Table 1a	Results on Gas Chromatography and Mass Spectrometry of Piper guineense essential oil

	S/N
	Component
	Retention indices 
	%Area

	1
	2-octyl acetate 
	1147
	60.40

	2
	linalyl acetate 
	1263
	16.50

	3
	β-caryophyllene 
	1426
	2.40

	4
	α-humulene 
	1461
	6.0


	5
	β-selinene 
	1489
	1.9

	6
	(E)-nerolidol 
	1565
	1.1

	7
	caryophyllene oxide 
	1586
	3.50

	8
	zingerone 
	1643
	1.0

	
	Total 
	94.7%
	











Table 1b	Results on Gas Chromatography and Mass Spectrometry of 			Aframomum danielli essential oil

	S/N
	Components
	Retention indices 
	%Area

	1
	limonene 
	1028 
	1.30

	2
	1,8-cineole 
	1033
	37.20

	3
	trans-(β)-ocimene 
	1043
	6.30

	4
	(Z)-linalool oxide (furanoid) 
	1072
	2.10

	5
	(E)-linalool oxide (furanoid) 
	1089
	1.90

	6
	linalool 
	1100
	31.30

	7
	terpinen-4-o1 
	1177
	7.20

	8
	α-terpineol 
	1189
	3.80

	9
	caryophyllene oxide 
	1586
	3.20

	
	Total 
	94.3% 
	



















Table 1c	Results on Gas Chromatography and Mass Spectrometry of 			Afrostyrax lepidophyllus essential oil

	S/N
	Components
	Retention indices 
	%Area

	1
	1,2-Benzenediol
	1231
	1.53

	2
	1,2-bis (trimethylsily) benzene
	1673
	0.27

	3
	1,4-phenylenebis[trimethyl
	2086
	1.53

	4
	2,2-dimethylpropanoic acid
	1608
	0.50

	5
	2-pyridinemethanamine
	1468
	0.66

	6
	Dimethyl trisulfide
	975
	2.80

	7
	Disulfide
	1244
	52.3

	8
	Furan
	1155
	0.79

	9
	Methanamine
	1040
	1.07

	10
	Methyltris (trimethylsiloxane) silane
	1939
	1.00

	11
	Silicic acid
	2069
	2.15

	12
	Tetrasiloxane
	1931
	0.68

	
	Total
	99.96%
	









From the results obtained in Tables 1a, 1b and 1c, the GC-MS analysis indicated the presence of 8 compounds (2-Octyl acetate, linalyl acetate, α-humulene, caryophyllene oxide, β-carophyllene and β-selinene, (E)-nerolidol, caryophyllene oxide and zingerone) in P. guineense essential oil, 9 compounds (1, 8-cineole, linalool, trans-(β)-ocimene, terpinen-4-ol, trans-(β)-ocimene, α-terpineol, carophyllene oxide, (Z)-linalool oxide (furanoid)  and caryophyllene oxide) in A. danielli essential oil and 12 compounds (1,2-benzenediol, 1,2-bis (trimethylsily) benzene, 1,4-phenylenebis[trimethyl, 2,2-dimethylpropanoic acid, 2-pyridinemethanamine, dimethyl trisulfide, disulfide, furan, methanamine, methyltris (trimethylsiloxane) silane, silicic acid and tetrasiloxane) in A. lepidophyllus essential oil. The difference in the composition of the oil samples could be attributed to the differences in the genetic makeup of the spices. Owokomoto et al. (2014) reported the presence of β carophyllene (32.50%), linadool (5.40%), E-nerodool (4.33%) and carophyllene oxide (1.63%) in P. guineense. Lawal et al. (2017) reported the presence of 2-octyl acetate (60.4%), linalyl acetate (16.5%), α-humulene (6.0%) in P. guineense seed essential oil. Dongmo et al. (2019) reported the presence of α terpineol (21.70%), linalool (260%) and limolene (1.30%) in A. danielli essential oil. 
Emmanuel et al. (2020), Pavela et al. (2016) and Olosunde et al. (2015) also reported that the major compounds in A. danielli essential oil were 1,8-cineole and α-terpineol. Fai et al. (2017) reported the presence of disulfide (23.32%) and dimethyl trisulfide (2.80%) in Afrostyrax lepidophyllus essential oil. The presence of these compounds and their combination with other compounds present determines the biological and physiological properties and also the flavour quality of the essential oils (Olukayode and Abiodun, 2024). This present study is in agreement with previous studies, as the extracted oils contain these components in ratios conforming to earlier studies.
It is also important to mention that a search in literature showed that some compounds such as zingerone identified in Piper guineense essential oil, (E)-linalool oxide (furanoid) identified in Aframomum danielli essential oil as well as 1, 2-bis (trimethylsily) benzene and Tetrasiloxane identified in Afrostyrax lepidophyllus essential oil have not been reported previously as constituents of the oils extracted from these spices (Piper guineense, Aframomum danielli and Afrostyrax lepidophyllus) by previous authors. These compounds were present in relatively low concentrations in samples in this present study. In literature, it has been reported that essential oils are very complex mixtures of compounds and many variations have been found in their chemical composition (Olukayode and Abiodun, 2024). According to Singh et al. (2018) and Wang et al. (2019), some variations in the chemical composition of distilled oils is considerably not only due to the existence of different subspecies, but can also be attributed to the varied agro-climatic condition (climatic, seasonal, geographic) of the regions, stage of maturity, adaptive metabolism of plants, distillation conditions, the plant part analyzed and some other factors.
“Essential oils are very complex natural mixtures which can contain about 20–60 components at quite different concentrations. They are characterized by two or three major components at fairly high concentrations (20–70 %) compared to other components present in trace amounts. Generally, these major components determine the biological and physiological properties of the essential oils” (Olukayode and Abiodun, 2024). “These properties include antiseptic, bactericidal, fungicidal and antiviral activities which can reduce foodborne pathogens in food and decrease the use of synthetic and semisynthetic antimicrobial compounds in food preservation” (Liang et al., 2012).
CONCLUSION
The present study is a contribution to the understanding of the chemical variations and biological activity of the essential oils of P. guineense, A. danielli and A. lepidophyllus grown in Nigeria. In general, this work contributes to a better knowledge of the bioactive potential of essential oils from Piper guineense, Afromomum danielli, and Afrostyrax lepidophyllus. This work was also able to identify some compounds such as zingerone identified in Piper guineense essential oil, (E)-linalool oxide (furanoid) identified in Aframomum danielli essential oil as well as 1, 2-bis (trimethylsily) benzene and Tetrasiloxane identified in Afrostyrax which were not reported previously as constituents of the oil extracted from these spices (Piper guineense, Aframomum danielli and Afrostyrax lepidophyllus) by previous authors. The results of the bioactive compounds of the EOs showed that they contain compounds that are of biological and physiological importance. P. guineense had the least number of bioactive compounds (2-Octyl acetate, linalyl acetate, α-humulene, caryophyllene oxide, β-carophyllene, β-selinene, (E)-nerolidol and zingerone), followed by A. danielli (1,8-cineole, linalool, terpinen-4-ol, trans-(β)-ocimene, α-terpineol, carophyllene oxide, (Z)-linalool oxide (furanoid) and (E) linalool oxide (furanoid)), while A. lepidophyllus had the highest (1,2-benzenediol, 1,2-bis (trimethylsily) benzene, 1,4-phenylenebis (trimethyl), 2,2-dimethylpropanoic acid, 2-pyridinemethanamine, dimethyl trisulfide, disulfide, furan, methanamine, methyltris (trimethylsiloxane) silane, silicic acid and tetrasiloxane). The observed bioactive compounda of the essential oils from Piper guineense, Aframomum danielli and Afrostyrax lepidophyllus will serve as a useful guide in the use of these essential oils as alternative sources for the inhibition of the growth and proliferation of microorganisms (bacteria and fungi) that may have become resistant to convectional orthodox medicine.
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