


Antioxidant Properties and Activities of Piper guineense, Afromomum danielli and Afrostyrax lepidophyllus Essential Oils


Abstract
This study was on the determination of the antioxidant properties and activities of essential oils from selected Nigerian spices [Piper guineense (African black pepper), Afromomum danielli (African cardamom) and Afrostyrax lepidophyllus (country onion)]. The oils were extracted using steam distillation method and the antioxidant properties and as well as activities of the oil were evaluated, The results of the antioxidant properties and activities showed that A. lepidophyllus had higher total phenolic content (17.33 mg/100g), β-carotene (mg/ml), vitamin E (mg/ml), FRAP (mg AA/g) and TBARS (16.10%) value than the others, while P. guineense had higher flavonoids and DPPH value than the others. All the essential oils and extracts showed some antioxidant capacity. The calculated percentage of inhibition showed that A. lepidophyllus essential oil had higher capacity (16.10%), followed closely by P. guineense (14.75%) essential oil, while A. danielli essential oil was least (11.10%). Higher antioxidant activity of A. lepidophyllus and P. guineense suggests that they contain higher antioxidant properties compared to A. danielli
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Introduction
Geneva International Organization for Standardization defined spices as “vegetable products or mixtures thereof, free from extraneous matter, used for flavouring, seasoning and impacting aroma to foods” (ISO, 1995). Aliyu et al. (2017) on the other hand defined spices as plant substances from indigenous or exotic origin, aromatic or with strong taste, used to enhance the taste and quality of foods. Spices and herbs have been used in most cultures of the world for thousands of centuries as part of their daily foods to enhance flavour and aroma. Spices are popular among Nigerians, although most of the Nigerian spices grow in the wild (Olife et al., 2013). Some of these spices are lesser known owing to the localization of their usage and their under- utilization.
The bulk of the spices identified in Nigeria are found in the Southern rainforest zone of the country, while others such as garlic and ginger are found predominantly in the dry Northern zone. Spices are generally found in four agro ecological zones of the country namely: Forest (including mangrove and rainforest), Dried Savanna, Guinea Savanna and Sudan Savanna (Adelaja et al., 2008). Iwu (1993) had reported that spices owe these properties to the presence of varying types of essential oils. Essential oils are aromatic and volatile oily liquids concentrated in particular part of plants in special cells and the essential oil components are active against a variety of microorganisms. 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, drying methods and extraction methods (Karakaya et al., 2011). Essential oils have demonstrated their usefulness in overcoming storage losses and enhancing shelf-life, being often incorporated in films and coatings for food protection (Mohamed et al., 2016).
The antimicrobial effect of spices extracts also helps to prevent diseases in many forms. Spices are also being used for their antioxidative properties (Mohamed et al., 2016). Their antioxidant activity helps to preserve foods from oxidative deterioration; increasing their shelf- life. In addition to these, spices are also used for their medicinal properties such as ginger ability to prevent dyspepsia, garlic ability to reduce cholesterol and hypertension, pepper often serve as antihistamines and turmeric is used for the management of stomach ulcers (Mohamed et al., 2016). 
Some of these under-utilized spices indigenous to Nigeria include Cussonia barteri (Jansa), Trachyspermum ammi (ajwain), Afrostyrax lepidophyllus (country onion), Chrysobalanus icaco (kpofino), Aframomum corrorima (orima), Aframomum subulatum (omilo), Zanthoxyllus zanthoxyloides (iruguje), Aframomum melegueta (alligator pepper), Afromomum danielli (African cardamom), African black pepper (Piper guineense)  amongst others. Unlike Asian and Western spices, most of our indigenous spices have not gained industrial recognition and their commercial value remains low when compared to Asian spices. There is need to investigate the antioxidant properties and activities of essential oils from some of our lesser known spices such as Piper guineense, Afromomum danielli and Afrostyrax lepidophyllus.	Comment by Meena: Mention the activities 



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, Nigeria and taken to the Department of Crop Science and Biotechnology, Imo State University, Owerri, Nigeria for botanical identification. 
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 1000C flowed counter currently through the condenser to condense the ensuring steam. When the samples got heated up, the essential oil that was 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 oil was avoided. The condensate was directly collected using a 500ml glass beaker and then poured into a separating funnel. 
Determination of antioxidant constituents and activities
The antioxidant constituents (beta – carotene content, vitamin E content, total phenolic content and total flavonoid content) of the essential oils were determined using the method of AOAC (2016). While the antioxidant activities [diphenyl-2- picryl-hydrazyl (DPPH) radical scavenging activity, ferric ion reducing antioxidant power (FRAP) assay and thiobarbituric acid reactive substances (TBARS)] were estimated using the method of Boukatem et al. (2014).	Comment by Meena: expand
Results 
The result of the antioxidant properties of the essential oils from P. guineense, A. danielli and A. lepidophyllus is presented in Table 1. The results obtained showed that higher beta carotene (β-carotene) (8.37mg/ml) and vitamin E (41.00mg/ml) contents was recorded in A. lepidophyllus (country onion) essential oil compared to the others. The results also showed that the total phenolic content obtained ranged from 0.84 – 17.33mg/100ml. Values obtained were significantly different (p<0.05). A. lepidophyllus and P. guineense had the highest and least values respectively. The highest and least total flavonoid contents were recorded in the essential oils from P. guineense (19.37mg/100ml) and A. danielli (10.64mg/100ml) respectively. Values obtained were significantly different (p<0.05) from each other, while the highest DPPH value (94.50µg/ml) was recorded in P. guineense essential oil. A. danielli essential oil had the least DPPH value (11.80µg/ml). The FRAP values obtained ranged from 187.73 – 604.90mgAA/g. A. lepidophyllus essential oil had the highest value, followed by P. guineense, while A. danielli essential oil had the least. Values obtained were significantly different (p<0.05) from each other. The TBARS content recorded were 16.10%, 11.10% and 14.75% for A. lepidophyllus, A. danielli and P. guineense essential oils respectively. Values obtained were significantly different (p<0.05) from each other. 
Table 1	Antioxidant properties of Piper guineense, Afromomum danielli and Afrostyrax lepidophyllus essential oils
	Parameters
	P. guineense
	A. danielli
	A. lepidophyllus

	β-carotene (mg/ml)
	0.66c±0.00
	4.66b±0.0
	8.37a±0.00

	Vitamin E (mg/ml)
	10.47c±0.00
	33.80b±0.00
	41.00a±0.00

	Total phenolic content (mg/100ml)
	0.84c±0.00
	1.974b±0.00
	17.33a±0.00

	Total flavonoid content (mg/100ml)
	19.37a±0.00
	10.64b±0.00
	14.18c±0.00

	DPPH (μg/mL)
	94.50a±0.00
	11.80c±0.00
	45.8b±0.00

	FRAP (mg AA/g)
	290.80b±0.00
	187.73c±0.00
	604.90a±0.00

	TBARS (%)
	14.75b±0.00
	11.10c±0.00
	16.10a±0.00


Values are mean ± SD. Values on the same row with different superscripts are significantly different (P<0.05).
Key	Comment by Meena: no need to represent here. Already mentioned in text itself
DPPH		-	1,1-Diphenyl-2-Picrylhydrazl
FRAP		-	Ferric Reducing Antioxidant Power
[bookmark: _GoBack]TBARS	-	Thiobarbituric Acid Reactive Substances

Discussion
Carotenoids have been stated to decrease risk of both hemorrhagic and ischemic stroke by the United States Department of Agriculture [USDA] (2015). Carotenoids also play an important potential role in human health by acting as biological antioxidants protecting cells and tissues from the damaging effects of free radicals and singlet oxygen (Solanki and Bhatt, 2010). Higher amounts of carotenoids in diet have been linked to decreased risk of prostate cancer (USDA, 2015). The beta carotene content obtained in this present study were generally low, especially in P. guineense (0.66mg/100l). However, higher value (8.37mg/ml) obtained in A. lepidophyllus shows that it will be effective in the lowering of the incidence of age-related macular degeneration as stated by Babu et al. (2024).  
The vitamin E content of the samples was in the order of A. lepidophyllus >A. danielli> P. guineense. Higher values obtained for A. lepidophyllus is an advantage and of importance as vitamin E plays a significant role in the body physiology, as it acts as an antioxidant, scavenging loose electrons called radicals that can damage cells in the body (Shahidi and Naczk, 2014). There is now a growing interest in the nutritional and physiological properties of vitamin E in edible oil, especially those of the tocotrienols (Babu et al., 2024). Vitamin E is also an important structural component of biological membranes, contributing to their stability. It is the first line of defense against lipid peroxidation. By its free radical quenching activity, it breaks chain propagation and thus terminates free radical attack at an early stage and the methyl groups of tocopherol interact with the cis double bounds of the fatty acids to form a stable complex in membrane phospholipids (Aremu et al., 2020). Supplementation with vitamin E in humans decreases the susceptibility of LDL to oxidation in vivo (Solanki and Bhatt, 2010). Some studies have shown that vitamin E has beneficial effects on plasma lipids (Park and Choi, 2002; Mann, 2011, Babu et al., 2024). In a study by Solanki and Bhatt (2010), vitamin E administration reduced triglycerides, total cholesterol and LDL (Solanki and Bhatt, 2010). In another research 100 IU/day vitamin E in diabetic patients reduced serum triglycerides significantly (Khabaz et al., 2009).
The total phenolic content was highest in A. lepidophyllus (17.33mg/100ml) and least in P. guineense (0.84mg/100ml) (Table 1). The high value obtained for A. lepidophyllus is of great advantage and significance, as phenols are one of the major groups of non-nutritive dietary components that have been associated with the inhibition of cancer, atherosclerosis, as well as ameliorating age-related degenerative brain disorder as reported by Okoh et al. (2016) and Sadeq et al. (2021). Autoxidation of unsaturated lipids are inhibited by phenols, thus preventing formation of oxidized low-density lipoprotein (LDL) which has been associated with the incidence of cardiovascular diseases (Mann, 2011). Natural phenolic compounds have been reported to have the potentials of decreasing oxygen concentration, intercepting singlet oxygen, preventing 1st – chain initiation by scavenging initial radicals such as hydroxy radicals, binding metal ion catalyst, decomposing primary products of oxidation to non-radical species, and breaking chains to prevent continued hydrogen abstraction from substances (Aremu et al., 2020). Phenolic compounds have also been reported to play important roles in stabilizing lipid peroxidation and they are also associated with antioxidant activity (Okoh et al., 2016). 
Higher total flavonoids content (19.37mg/100ml) recorded for P. guineense essential oil compared to those of A. lepidophyllus (country onion) 14.18mg.100ml) and A. danielli essential oil (10.64mg/100ml) is an indication that P. guineense essential oil will have stronger effect and may be more useful in the treatment of various cancers and lowering of coronary heart diseases. The presence of flavonoids in human diet may prevent menopausal symptoms (Okoh et al., 2016).  
The DPPH antioxidant activity of the essential oils showed that higher activity (94.50µg/ml) was obtained for P. guineense essential oil, followed by A. lepidophyllus essential oil (45.80µg/ml), while A. danielli essential oil had the least (11.80µg/ml). Higher FRAP was obtained for A. lepidophyllus essential oil than for the others. The disparity on the antioxidant activity of the essential oils confirms the assertion of (Shahidi and Naczk, 2014) who stated that in the antioxidant assay of different plants, higher DPPH activity does not guarantee higher FRAP activity. Thus, confirming the result obtained in this study. Higher DPPH and FRAP activity is an indication of higher radical scavenging activity (Okoh et al., 2016). This suggests that A. lepidophyllus and P. guineense with higher FRAP and DPPH activity will have higher radical scavenging activity. It has been reported that natural antioxidants possess free radical scavenging ability, as such, they quench the free radical chain of reaction (Gunes et al. 2021). 
Essential oil have the ability to protect against oxidative stress by contributing to the host’s total antioxidant defense system (Erkan et al., 2010; Abba et al., 2021). Higher antioxidant activity of A. lepidophyllus (45.8µg/mL) and P. guineense (94.50µg/mL) suggests that they contain higher antioxidant properties than A. danielli (11.80µg/mL). The antioxidant activities of the essential oils were also evaluated by TBARS assay. In the test of the 2-thiobarbituric acid (TBARS) a molecule of malonaldehyde (MA) reacts with two molecules of thiobarbituric acid (TBARS) to form a pink complex that is absorbed at 532 nm wavelength. All the essential oils and extracts showed some antioxidant capacity. The calculated percentage of inhibition showed that A. lepidophyllus essential oil had higher capacity (16.10%), followed closely by P. guineense (14.75%) essential oil, while A. danielli essential oil was least (11.10%). 
Conclusion
The present study is a contribution to the understanding of the antioxidant constituents and activities of the essential oils of P. guineense, A. danielli and A. lepidophyllus. The results indicated variations in the antioxidant properties and activities of the essential oils. The antioxidant properties of the essential oils were comparable to those of other essential oils reported from other plant sources. The calculated percentage of inhibition showed that A. lepidophyllus essential oil had higher antioxidative capacity (16.10%), followed closely by P. guineense essential oil (14.75%), while A. danielli essential oil (11.10%) was least.
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