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Comparative Evaluation of in-vitro Antioxidant Capacity of Petroleum-ether Extract of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis Leaf
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ABSTRACT 

	
Aims: The comparative evaluation of in vitro antioxidant capacity of petroleum-ether extract of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf was carried out in this study.
Study design: This was done using various antioxidant assays such as Ferric Reducing Antioxidant Power, 2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid, 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity, Lipid Peroxidation and Nitric Oxide Radical scavenging activity. 
Place and Duration of Study: National Arbovirus and Vectors Research Center Enugu, between September 2024 and June 2025.
Methodology: Standard biochemical methods were used for the analyses. Ascorbic acid is the standard used for this study.
Results: The result showed a non-significant increase (P >.05) in the Ferric reducing power capacity and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid of Jatropha tanjorensis leaf when compared to Hibiscus sabdarrifa (Roselle flower). There was a significant (P < .05) increase in free radical scavenging activity of Jatropha tanjorensis leaf extract when compared to Hibiscus sabdarrifa (Roselle flower). The result also showed a significant (P < .05) increase in lipid peroxidation scavenging activities of Jatropha tanjorensis leaf when compared to Hibiscus sabdarrifa (Roselle flower). There was a non-significant (P > .05) decrease in Nitric oxide scavenging activities of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf extract when compared to the standard antioxidant L-ascorbic acid.
Conclusion: This research shows that although Hibiscus sabdariffa possesses antioxidant capacity, Jatropha tanjorensis leaf extract had a higher antioxidant activity.
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1. INTRODUCTION 

Most of the food and drugs we take are from plant sources [1]. In the field of medicine and applied sciences, the benefits derived from plants are as result of scientific exploration [2]. There is an increase in manifestation of prolonged metabolic disease around the world which has led to people delving into the use of plant-based diets and therapeutic choices. [3].  The discovery of more medicinal plants have resulted in the need to assay the bioactivity of the plant, and this will help provide data for physicians and patients to know the active compounds in the plants before making choice of using the plant. [4]. Hibiscus sabdariffa is highly nutritive, it can also be called roselle; a medicinal herb from malvaceae family [5]. Roselle is mainly used in folk medicine, it aids digestion and has a diuretic property, which can be attributed to these two compounds: ascorbic acid, and glycolic acid [6]. Earlier studies have shown that Hibiscus sabdariffa contains high levels of ascorbic acid. [5]. Tea extract from Hibiscus sabdariffa leaves and flowers aids digestion and helps the kidney functions, also when the leaves are heated up, it helps to heal cracked feet, boils and ulcers [6]. Anthraquinones, glycosides, alkaloids, tannins, polyphenols, and saponins are among the list of phytochemicals found in Roselle [5]. Jatropha tanjorensis belongs to the family of Euphorbiaceae, a field crop commonly found in the rainforest zone of West Africa [7] In Nigeria, “hospital is too far” is a common name for Jatropha plant [8].  Jatropha are used as ornamentals and can also be used to prepare local dishes [9]. In Southern Nigeria, extracts from the leaves of Jatropha are used to prepare locally made herbal medicine [10]. Jatropha tanjorensis can serve a multipurpose, it can be used to prepare food as well as in medicine [11]. People who consume Jatropha tanjorensis are likely not to fall sick easily as a result of assumed health benefits, affordability and availability [12]. Studies have shown significant   anticancer, hepatoprotective, and pesticidal activity in Jatropha tanjorensis  [11]. The leaves of J. tanjorensis can be used in the treatment of diseases such as anemia, diabetes, and cardiovascular illness [13] Studies have shown that there is a high content of water and protein in a freshly harvested Jatropha tanjorensis leaves [10]. Antioxidant is a stable molecule that can donate an electron in order to neutralize an excited free radical, thereby making the free radical not to cause harm in the body [14]. Antioxidants have the capacity to scavenge free radicals, thus antioxidants delay or hinder cellular damage [15]. Antioxidants from diets, in conjunction with antioxidants produced in our body help to neutralize oxidative stress [16].  There is health benefit in consuming food that has high antioxidant nutrients, a diet that is rich in fruits and vegetables improves high intake of fibre which may also protect against diseases [17]. Oxidative stress aggravates the development of chronic and degenerative disease such as cancer, arthritis, aging, autoimmune disorders, cardiovascular and neurodegenerative diseases [16]. The human body produces antioxidant, which can hinder the activities of oxidative stress, these antioxidants are also supplied through foods and/ or supplements [18]. Endogenous and exogenous antioxidants have the capacity to neutralize reactive oxygen species and reactive nitrogen species, and thus can enhance the immune defense and reduce the risk of degenerative diseases and cancer [19]. Studies have shown that synthetic antioxidants can cause harm to human health [20].  Natural antioxidant scavenges free radicals and prevent them from causing tissue damage [14]. In Nigeria, these plants after extraction are considered colourful, and enriched drinks that are often used as refreshing drinks [14]. There has been documentation in the literature on the individual antioxidant capacity of these plants, but there is no documentation on the comparative study of the two plant samples to ascertain the antioxidant capacity predominant in each of them. Synthetic antioxidants have recently been reported to be dangerous for human health [20]. Thus, there is need to search for effective, nontoxic natural compounds with antioxidative activity [14].

[bookmark: _Hlk207083018]2. Materials and Methods
2.1.	Plant Materials
Hibiscus sabdariffa and Jatropha tanjorensis leaves were collected from their natural habitat, in Enugu East, Enugu State, Nigeria. The plant sample was identified and documented by a botanist; Mr. Alfred Ozioko at the International Center for Ethnomedicine and Drug Development (InterCEDD), Nsukka, Nigeria. Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf were dried at room temperature for two weeks and thereafter ground into a fine powder using an electric grinder. The ground powder was subjected to various analyses.

2.1.1 Extraction Technique / Procedure
One hundred grams of the dried plant samples were weighed out, wrapped in filter paper, and then put in the timber of the Soxhlet apparatus compartment. Thereafter, the condenser/ heating mantle was carefully and efficiently connected. An initial 500 ml volume of the solvent (petroleum ether) was added with the aid of a funnel by passing it through the timber containing the sample to the round bottom flask system of the Soxhlet. The inlet and outlet of the condenser were connected to a hose respectively, for the recycling of the cold water during the extraction. Thereafter the heat source was switched on about 5cm from the flask. Finally, the crude extract was concentrated using a water bath and quercetin components were characterized using standard methods [21] [22]. 

2.2	Methodology
2.2.1 Determination of Invitro Antioxidant Capacity
2.2.2 Ferric Reducing Antioxidant Power (FRAP)
Ferric reducing antioxidant power assay was measured [23] with some modifications. The FRAP reagent contained 2.5 mL of a 10 mM TPTZ (2,4,6-Tripyridyl-s-Triazine) solution in 40 mMHCl, 2.5 mL of 10 mM FeCl3∙6H2O, and 25 mL of 300 mM acetate buffer (pH 3.6). It was freshly prepared and warmed at 37°C. A 900 μL FRAP reagent was mixed with 90 μL water and 30 μL of the extract. The reaction mixture was incubated at 37°C for 10 min and the absorbance was measured at 593 nm. FRAP was expressed as μM the FeSO4/g of dry sample.

2.2.3 Scavenging Activity of ABTS Radical
ABTS radical scavenging activity was determined [24] with some modifications. 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) was dissolved in water to a 7 mM concentration. ABTS radical cation (ABTS∙+) was produced by reacting ABTS stock solution with 2.45 mM potassium persulfate (final concentration) and allowing the mixture to stand in the dark at room temperature for 12–16 h before use. The ABTS∙+ solution was diluted with water to an absorbance of 0.70 (±0.02) at 734 nm. The reaction mixture consisted of 0.07 mL of extract and 3 mL of the ABTS radical. After incubation for 6 min, absorbance was determined in a spectrophotometer at 734 nm. The antioxidant activity was calculated by using the following equation.
%inhibition = [(Acontrol – Asample)/Acontrol] × 100
Acontrol = Absorbance of negative control at the moment of solution preparation
Asample = Absorbance of sample after 6 min
2.2.5 Scavenging Activity of DPPH Radical
DPPH radical scavenging activity was determined [25] with some modifications. The reaction mixture consisted of 0.5 mL of extract, 3 mL of methanol, and 0.3 mL of 0.5 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical solution in methanol. After incubation for 45 min, absorbance was determined in a spectrophotometer at 517 nm. The antioxidant activity was calculated by using the following equation.
%inhibition = [(Acontrol – Asample)/Acontrol] × 100
Acontrol = Absorbance of negative control at the moment of solution preparation
Asample = Absorbance of sample after 45 min
The EC50 values were calculated from the graph which represents the concentration of the sample required to scavenge 50% of the ABTS or DPPH free radicals. The EC50 is often used to express the amount or concentration of extracts needed to scavenge 50% of the free radicals. ABTS and DPPH were expressed as mg GAE/L.

2.2.6 Lipid Peroxidation Assay
A modified thiobarbituric acid-reactive species (TBARS) assay [26] was used to measure the lipid peroxide formed, using egg yolk homogenates as lipid-rich media [27]. Briefly, egg homogenate (500 _l of 10%, v/v in PBS (pH 7.4) and 100 _l of samples were added to a test tube and made up to 1.0 ml with distilled water. Then, 50 _l of FeSO4 (0.075 M) and 20 _l     of L-ascorbic acid (0.1 M) were added and all were mixed and incubated for 1 h at 37°C to induce lipid peroxidation. Thereafter, 0.2 ml of EDTA (0.1 M) and 1.5 ml of TBA reagent (3 g TBA, 120 g TCA and 10.4 ml 70% HClO4 in 800 ml of distilled water) were added in each sample and heated for 15 min at 100°C. After cooling, samples were centrifuged for 10 min at 3,000 rpm, and the absorbance of the supernatant was measured at 532 nm. Lipid Peroxidation inhibition was calculated as per the equation:

 x 100
2.2.7 In vitro Nitric Oxide Radical (No.) Scavenging Assay
NO. generated from sodium nitroprusside (SNP) was measured [28]. Briefly, the reaction mixture (5.0 ml) containing SNP (5 mM) in phosphate-buffered saline (pH 7.3), with or without the plant extract at different concentrations, was incubated at 25°C for 180 min in front of a visible polychromatic light source (25W tungsten lamp). The NO. radical thus generated interacted with oxygen to produce the nitrite ion (NO.) which was assayed at 30 30-minute intervals by mixing 1.0 ml of incubation mixture with an equal amount of Griess reagent (1% sulfanilamide in 5% phosphoric acid and 0.1% naphthylethylenediaminedihydrochloride). The absorbance of the chromophore (purple azo dye) formed during the diazotisation of nitrite ions with sulphanilamide and subsequent coupling with naphthylethylenediaminedihydrochloride was measured at 546 nm. The nitrite generated in the presence or absence of the plant extract was estimated using a standard curve based on sodium nitrite solutions of known concentrations. Each experiment was carried out at least three times and the data presented as an average of three independent determinations.

2.3 Statistical Analysis 
Data obtained was analyze using the excel computer-based application and Statistical Package for Social Sciences software for windows version 23 (SPSS Inc., Chicago, Illinois, USA) Values were expressed as mean ± SD. Statistical significance of the results between groups was determined using oneway analysis of variance (ANOVA). Differences between means were considered significant at P < .05.

3. results and discussion

3.1 [bookmark: _Hlk207086435]Ferric reducing antioxidant activity of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum leaf extract
Ferric reducing antioxidant activity of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum leaf extract are shown in Fig 1. The result showed that there was a non- significant (P > .05) increase in ferric reducing antioxidant power of the standard antioxidant L-ascorbic acid used when compared to that of Hibiscus sabdarrifa and Jatropha tanjorensis leaf.


Fig 1: Ferric reducing antioxidant activity of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum leaf extract

3.2 Invitro ABTs radical scavenging activity of petroleum ether extract of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf  
Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum leaf extract showed a non-significant (P > .05) decrease in ABTs radical scavenging activity when compared with the standard antioxidant L-ascorbic acid. The result also showed a non-significant ( P > .05) increase in ABTs scavenging activity of Jatropha tanjorensis leaf when compared with Hibiscus sabdarrifa (Roselle flower).

Fig. 2: Invitro ABTs radical scavenging activity of petroleum ether extract of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf.  

3.3	Evaluation of antioxidant capacity of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf using α-α–diphenyl-β- picrylhydroxyl (DPPH) free radical
Jatropha tanjorensis petroleum leaf extract showed a non-significant (P > .05) increase in free radical scavenging activity when compared to the standard antioxidant L-ascorbic acid in group 1. However there was a non-significant ( P > .05) increase in free radical scavenging antioxidant activity of the standard antioxidant L-ascorbic acid in groups 2, 3, 4 and 5 when compared to petroleum leaf extract of Jatropha tanjorensis. The result also showed a non-significant ( P >.05) decrease in free radical scavenging activity in Hibiscus sabdarrifa (Roselle flower) when compared to the standard antioxidant L-ascorbic acid. The result showed a significant (P < .05) increase in free radical scavenging activity of Jatropha tanjorensis petroleum leaf extract when compared to Hibiscus sabdarrifa (Roselle flower) in almost all the group except in group 5.


Fig. 3: Evaluation of antioxidant capacity of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf using α-α–diphenyl-β- picrylhydroxyl (DPPH) free radical.


3.4 Invitro Lipid Peroxidation scavenging activities of petroleum ether extract of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf.
The result showed a significant (P < .05) decrease in lipid peroxidation scavenging activities in Hibiscus sabdarrifa (Roselle flower) petroleum extract when compared to the standard antioxidant L-ascorbic acid. However, there was a non-significant (P > .05) increase in lipid peroxidation scavenging activities of the standard antioxidant (L-ascorbic acid) when compared to Jatropha tanjorensis petroleum leaf extract. The result also showed a significant (P < .05) increase in lipid peroxidation scavenging activities of Jatropha tanjorensis leaf when compared to Hibiscus sabdarrifa (Roselle flower).


Fig. 4:  Invitro Lipid Peroxidation scavenging activities petroleum ether extract of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf.



3.5 Invitro Nitric Oxide scavenging activities of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf.
The result showed a non-significant (P > .05) decrease in Nitric oxide scavenging activities in  Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum ether leaf extract when compared to the standard antioxidant L-ascorbic acid. However, the result also showed a non- significant (P > .05) increase in Nitric oxide scavenging activities of Jatropha tanjorensis when compared to Hibiscus sabdarrifa (Roselle flower) petroleum leaf extract.


Fig. 5:  Invitro Nitric Oxide scavenging activities of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis leaf.


Discussion
This study was aimed at determining the comparative evaluation of the in-vitro antioxidant capacity of petroleum-ether extract of Hibiscus sabdarrifa (roselle flower) and Jatropha tanjorensis leaf. Antioxidant is a stable molecule that can donate an electron in order to neutralize an excited free radical, thereby making the free radical not to cause harm in the body [14]. Phytochemicals found in most plants have in vitro antioxidant activities [15]. Tocopherols is one the essential antioxidants we obtain from the diet [29]. Ascorbic acid may possess an antioxidant activity [30].  Reactive oxygen species and reactive nitrogen species are free radicals produced when the body is exposed to different physiochemical conditions or pathological states through various endogenous metabolic pathway [31]. There is a proper physiological function when there is an equilibrium between free radicals and antioxidants [32]. If the body loses its ability to regulate free radicals, oxidative stress will occur [14]. It has been reported that antioxidants that are not natural can pose as a danger to human health [21]. Nontoxic natural compounds that has antioxidant activity should be sourced in order to replace the synthetic antioxidant [14]. The result from the Ferric reducing antioxidant activity of Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum leaf extract are shown in Fig 1. The result showed that there was a non- significant (P>.05) increase in ferric reducing antioxidant power of the standard antioxidant L-ascorbic acid used when compared to that of Hibiscus sabdarrifa and Jatropha tanjorensis leaf. Also the ferric reducing antioxidant capacity was found more in Jatropha tanjorensis leaf when compared to Hibiscus sabdarrifa. This implies that Hibiscus sabdarrifa and Jatropha tanjorensis leaf could be a natural source of antioxidant since they have ferric reducing antioxidant capacity which is capable of reducing ferric cyanide complex (Fe3+) to ferrous cyanide form (Fe2+) and is comparable to the standard antioxidant used. Antioxidants that are mostly from natural sources have the capacity to inhibit cellular damage by scavenging free radical in the body [16]. Jatropha tanjorensis have been shown to be rich in iron (Fe). When there is more intake of iron rich diet, it increases the production of red blood and haemoglobin  [9]. A large number in vitro and in vivo studies have shown that Hibiscus sabdarrifa extract contains potent antioxidant known as anthocyanins, a class of naturally occurring pigments found in dried calyx which has antioxidant activity and may protect the liver [5]. The result in figure 2 showed a non-significant (P > .05) increase in ABTs scavenging activity of Jatropha tanjorensis leaf when compared with Hibiscus sabdarrifa (Roselle flower). This implies that Jatropha tanjorensis leaf possesses a higher antioxidant scavenging activity when compared to Hibiscus sabdarrifa (Roselle flower). A reduced risk of many diseases may occur as a result of high intake of diet rich in antioxidant [33]. Humans can synthesize antioxidant enzymes, yet levels of these enzymes are not high enough to cope with the ROS generated by metabolic processes within the cells [34]. For this reason, dietary spices of plants are required since plants can synthesize a variety of antioxidants and many plants are rich in such compounds [35]. Endogenous antioxidants are not enough to prevent oxidative damage; therefore, we need antioxidants from diets to supplement the endogenous antioxidants in scavenging and preventing the formation of free radicals such as superoxide [15].


In figure 3, The result showed a significant (P<.05) increase in free radical scavenging activity of Jatropha tanjorensis petroleum leaf extract when compared to Hibiscus sabdarrifa (Roselle flower) in almost all the group except in group 5. Studies have shown that Jatropha tanjorensis has antioxidant nutrients such as phosphorus, selenium, zinc, vitamin C and E (Chigozie et al., 2018) [36]. These antioxidant properties may be the reason behind the use of Jatropha tanjorenses in folkoric medicine for the treatment of tropical diseases and other infections [9].

The result in figure 4 showed a significant (P<.05) decrease in lipid peroxidation scavenging activities in Hibiscus sabdarrifa (Roselle flower) petroleum extract when compared to the standard antioxidant L-ascorbic acid. However there was a non-significant (p>0.05) increase in lipid peroxidation scavenging activities of the standard antioxidant (L-ascorbic acid) when compared to Jatropha tanjorensis petroleum leaf extract. Lipid peroxidation is a free radical process involving a source of secondary free radical, which further can act as second messenger or can directly react with other biomolecule, enhancing biochemical lesions [37]. Lipid peroxidation occurs on polysaturated fatty acid located on the cell membranes and it further proceeds with radical chain reaction [14]. Lipid soluble antioxidant tend to accumulate in lipid plasma lipoprotein upon supplementation. This group of antioxidants is supposed to act as highly efficient scavengers, such as against lipid peroxyl radical, which are formed within the lipoprotein as a consequence of free radical chain reaction of lipid peroxidation [38]. Due to lipid peroxidation, a number of compounds are formed, for example, alkanes, malanoaldehyde, and isoprotanes. These compounds are used as markers in lipid peroxidation assay and have been verified in many diseases such as neurogenerative diseases, ischemic reperfusion injury, and diabetes [39]. The result in figure 5 showed a non-significant (P>.05) decrease in Nitric oxide scavenging activities in Hibiscus sabdarrifa (Roselle flower) and Jatropha tanjorensis petroleum ether leaf extract when compared to the standard antioxidant L-ascorbic acid. This implies that though their scavenging activity is low,  these plant samples have antioxidant capacity to scavenge nitric oxide free radicals. The roles of antioxidants are to neutralize excess free radicals, to protect the cells against their toxic effects and to contribute to disease prevention [16].
 One important molecule in humans that reacts with O,- is NO'. Nitric oxide is useful in human metabolism, but an excess can be cytotoxic, and this mechanism of tissue injury has been implicated in several human diseases [15]. Biological free radicals are thus highly unstable molecules that have electrons available to react with various organic substrates such as lipids, proteins, DNA [16]. Free radicals and other oxygen-derived species are constantly generated in vivo, both by “accidents of chemistry” and for specific metabolic purposes. The reactivity of different free radicals varies, but some can cause severe damage to biological molecules, especially to DNA, lipids, and proteins [15]. Free radical damage can be controlled with adequate antioxidant defense, and optimal intake of antioxidant nutrient may contribute to enhanced quality of life [14]. Free radicals are known to be produced metabolically in living organisms. For example, the free radical nitric oxide (NO') is synthesized from the amino acid L-arginine by vascular endothelial cells, phagocytes, certain cells in the brain, and many other cell types [15].

4. Conclusion

This research shows that although Hibiscus sabdariffa possesses antioxidant capacity, Jatropha tanjorensis leaf extract had a higher antioxidant scavenging activity when compared to Hibiscus sabdarrifa (Roselle flower). A diet high in antioxidants may reduce the risk of many diseases. Endogenous antioxidant defense systems scavenge and minimize the formation of oxygen-derived species, but they are not 100% effective. Natural antioxidants may be particularly important in diminishing cumulative oxidative damage and helping us to stay healthier.
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L- ascorbic acid	10.89	11.09	11.89	12.05	8.07	Hibiscus sabdarrifa	7.06	7.9870000000000001	8.07	8.4500000000000028	6.78	Jatropha tanjorensis	9.07	9.4500000000000028	9.67	9.7429999999999986	6.78	CONC. (mg/ml)
ABS (nm)
L- ascorbic acid	85.9	86.56	92.940000000000026	95.08	62.89	Hibiscus sabdarrifa	66.86999999999999	70.23	70.84	81.430000000000007	50.339999999999996	Jatropha tanjorensis	83.81	85.05	85.740000000000023	90.11999999999999	60.05	CONC.  (mg/ml)
%RSA
L- ascorbic acid	73.98	80.11999999999999	81.06	85.45	74.149999999999991	Hibiscus sabdarrifa	45.05	50.09	55.1	60.06	71.78	Jatropha tanjorensis	75.11999999999999	77.98	79.34	80.069999999999993	71.78	CONC. (mg/ml)
%R SA
L- ascorbic acid	20.779999999999987	22.06	22.64	22.86	17.979999999999986	Hibiscus sabdarrifa	9.06	9.34	9.84	10.11	7.64	Jatropha tanjorensis	19.760000000000002	19.850000000000001	19.920000000000002	20.03	16.079999999999988	CONC. (mg/ml)
% IR
L- ascorbic acid	17.07	18.45	18.979999999999986	19.38	15.89	Hibiscus sabdarrifa	12.34	14.05	16.559999999999999	18.09	12.89	Jatropha tanjorensis	16.87	16.959999999999987	17.079999999999988	17.77	13.94	CONC.  (mg/ml) 
%R SA
