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					This study evaluated the quantitative yield and sustainability of magnesium  

					oxide (MgO) nanoparticles synthesized using aqueous extracts of Rubber  

					(Hevea brasiliensis) and Awolowo (Chromolaena odorata) leaves alongside  

					magnesium nitrate hexahydrate under mild reaction conditions. The MgO  

					nanoparticle yields were compared between the two plant sources. Fourier  

					Transform Infrared Spectroscopy (FTIR) analysis identified significant  

					functional groups in both MgO nanoparticle samples, confirming successful  

					synthesis. The actual yields of MgO nanoparticles were 1.39 g and 1.41 g  

					for Rubber and Awolowo leaf extracts, respectively, corresponding to  

					percentage yields of 58.89% and 59.74%. Quantitative phytochemical  

					analysis revealed that Awolowo leaf extract exhibited significantly higher  

					levels of saponins (15.010 mg/g), flavonoids (9.626 mg/g), tannins (5.145  

					mg/g), and alkaloids (3.351%) compared to Rubber leaf extract. These  

					findings suggest that the phytochemical content of the plant extracts  

					influences the synthesis efficiency and yield of MgO nanoparticles. This  

					work highlights the potential of plant-mediated green synthesis as a  

					sustainable approach for producing MgO nanoparticles while  

					demonstrating the influence of phytochemical composition on synthesis  

					outcomes.  
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					1.0 INTRODUCTION  

					The synthesis of nanoparticles has emerged as a  

					pivotal area of research due to their distinct  

					properties and extensive applications in different  

					fields such as medicine, environmental remediation,  

					and materials science [1, 2]. Among the various  

					types of nanoparticles, magnesium oxide (MgO)  

					nanoparticles have garnered significant attention  

					due to their exceptional characteristics, including  

					high surface area, thermal stability, and  

					antimicrobial activity [3, 4]. Conventional methods  

					of synthesizing MgO nanoparticles often involve the  

					utilization of hazardous chemicals and high-energy  

					processes, which pose environmental and health  

					hazards. In response to these challenges, eco-  

					friendly and sustainable green synthesis methods  

					utilizing plant extracts have surfaced [5, 6]. Plants  

					exhibit  

					a

					remarkable capacity to absorb,  

					hyperaccumulate, and diminish inorganic metal ions  

					from their surroundings, rendering them ideal  

					candidates for nanoparticles synthesis [7]. The  

					utilization of plant extracts for nanoparticles  

					synthesis capitalizes on the natural biochemical  

					pathways and the diverse array of bioactive  

					compounds present in plant tissues [8, 9]. These  

					compounds, comprising polyphenols, alkaloids,  

					proteins, and terpenoids, serve as reducing and  

					8
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					stabilizing agents, facilitating the formation of  

					nanoparticles with controlled size and morphology  

					[10]. The synthesis of green nanoparticles mediated  

					by plants encompasses three phases: activation  

					phase, growth phase, and termination phase. The  

					activation phase primarily involves biomolecules  

					with reduction capacity aiding in the retrieval of  

					metal ions from their salt precursors through plant  

					metabolites [11, 12]. Additionally, the nucleation of  

					reduced metal atoms resulted from the transition of  

					metal ions from their mono- or divalent oxidation  

					states to zero-valent states or oxides [13]  

					The duration during which the split metal atoms  

					amalgamate to generate metal nanoparticles is  

					monitored as more biological reduction of metal ions  

					occurs [14]. Subsequently, as the development  

					progresses, nanoparticles amalgamate to produce a  

					variety of shapes including cubes, spheres,  

					triangles, hexagons, pentagons, rods, and wires  

					[15]. While prolonged nucleation may lead to the  

					aggregation of synthesized metal nanoparticles,  

					altering their morphologies, the growth phase  

					results in heightened thermodynamic stability of  

					nanoparticles. The termination phase, where the  

					nanoparticles reach their maximum activity potential  

					and consistent shape coated by plant metabolites,  

					marks the final stage in green nanoparticles  

					production [15, 16].  

					MgO nanoparticles. Moreover, the use of these  

					leaves aligns with the principles of green chemistry,  

					emphasizing the reduction or elimination of  

					hazardous substances in the synthesis process [22].  

					Apart from the environmental advantages, the green  

					synthesis of MgO nanoparticles using plant extracts  

					offers significant benefits in terms of biological  

					compatibility. The organic components present in  

					the extracts confer biocompatible features to the  

					nanoparticles, rendering them particularly suitable  

					for biomedical applications [23]. Green-synthesized  

					nanoparticles exhibit reduced cytotoxicity and  

					enhanced compatibility with biological systems,  

					which are pivotal factors for their utilization in drug  

					delivery, imaging, and other medical applications  

					[23].  

					This study aims to conduct a quantitative yield and  

					sustainability assessment of MgO nanoparticles  

					synthesized using extracts from Hevea brasiliensis  

					and Chromolaena odorata leaves. The primary  

					objective is to evaluate the impact of these tropical  

					foliage extracts on the yield of bio-synthesized MgO  

					nanoparticles and the sustainability of the synthesis  

					approach. By comparing the performance of these  

					two plant extracts, this research not only contributes  

					to the advancement of green synthesis techniques  

					but also advocates for the valorization of agricultural  

					waste and invasive plant species, thereby  

					supporting sustainable development goals.  

					Furthermore, numerous properties of the solution  

					mixtures, such as the concentration of plant extract,  

					metal salt concentration, pH of the reaction medium,  

					among other reaction conditions like reaction time  

					and temperature, significantly impact the yield, size,  

					quality, and shape of the produced nanoparticles  

					[17]. The generation of metal nanoparticles is highly  

					contingent on the pH assessment of the reaction  

					mixture. Through the process, pH variations with the  

					plant extract can induce charge conversion even in  

					plant metabolites, thereby enabling their chelation  

					and degradation of metal ions, thus altering the form,  

					dimensions, and yield of produced nanoparticles  

					[18]. This green synthesis approach not only reduces  

					the usage of hazardous substances but also  

					advocates for the utilization of renewable and  

					abundant natural resources [18, 19].  

					2.0 MATERIALS AND METHODS  

					Chemicals employed in this investigation included  

					magnesium nitrate hexahydrate (Mg(NO3)2∙6H2O),  

					double-distilled water, freshly prepared powdered  

					rubber and Awolowo leaves. The chemicals were  

					supplied by Sigma Aldrich and were utilized without  

					additional purification. The rubber leaves were  

					collected from the plantation of the Rubber Research  

					Institute of Nigeria. On the other hand, Awolowo  

					leaves were obtained from the premises of Ambrose  

					Alli University, Ekpoma, Edo State, Nigeria. The  

					leaves were thoroughly washed with distilled water,  

					followed by air drying and blending into a fine  

					powder.  

					2.1 Preparation of the leaf extracts  

					Rubber trees (Hevea brasiliensis) and Chromolaena  

					odorata, commonly referred to as Awolowo leaves,  

					are abundant in tropical and subtropical regions and  

					are often classified as agricultural byproducts or  

					invasive species as in the case of Chromolaena  

					odorata [20, 21]. The selection of these plants for  

					nanoparticles synthesis is driven by their unique  

					phytochemical composition, availability, and  

					sustainability. Rubber and Awolowo leaves  

					constitute a rich assortment of bioactive compounds  

					that are efficacious in reducing and stabilizing  

					metallic ions, thereby facilitating the synthesis of  

					For each of the leaf sample, 10g of the powdered  

					leaves was mixed with 200 ml of distilled water in a  

					500ml beaker, with periodic stirring. The mixture  

					was heated at 60 °C for 30 min. The mixture was  

					filtered and stored in the refrigerator for further use.  

					2.2 Phytochemical Screening Test  

					The phytochemical quantification of the plant extract  

					were carried out using standard methods as  

					employed by Ujah et al., 2021 [24] with little  

					modification.  

					9
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					Determination of Total Phenolic Content of the  

					Extracts  

					sulphuric acid, the mixture was incubated at 60°C for  

					10 minutes and then cooled in ice water. Absorbance  

					was measured at 570 nm. Saponin content was  

					expressed in parts per million (ppm), using a  

					calibration curve prepared from standard saponin  

					solutions.  

					The total phenolic content was determined using the  

					Folin–Ciocalteu reagent method with tannic acid as a  

					standard. A 1.0 mL aliquot of extract solution (250  

					μg/mL) was mixed with 1.0 mL of Folin–Ciocalteu  

					reagent, and 15.0 mL of 20% sodium carbonate  

					solution was added after 5 minutes. The mixture  

					stood for 2 hours, and absorbance was measured at  

					760 nm. The phenolic content, expressed as μg  

					tannic acid equivalent (TAE), was calculated using:  

					Estimation of Tannin Content  

					Tannin content was determined by mixing 0.20 mL of  

					sample with 20 mL of 50% methanol and heating in a  

					water bath at 77 – 80 °C for 1 hour. The extract was  

					filtered, and 20 mL of distilled water, 2.5 mL of Folin-  

					Denis reagent, and 10 mL of 17% sodium carbonate  

					solution were added. The mixture was allowed to  

					stand for 20 minutes, and absorbance was measured  

					at 760 nm. Total tannin content was calculated using  

					a calibration curve prepared with standard tannic  

					acid solutions.  

					TEA × V × D  

					Total Phenolic Content ₌  

					푊

					where TAE is the tannic acid equivalent from the  

					calibration curve, V is the sample volume, D is the  

					dilution factor, and W is the sample mass.  

					Determination of Alkaloid Content  

					The total alkaloid content was determined following  

					Harborne’s method as reported by Ujah et al. (2021).  

					Five grams of extract were mixed with 100 mL of 20%  

					acetic acid in ethanol and left for 2 hours and then  

					filtered. The filtrate was concentrated to one-quarter  

					2.3 Synthesis of the Rubber and Awolowo Leaf  

					Magnesium Oxide Nanoparticles  

					The method described by Ikhuoria et al. [25] was  

					used in the eco-friendly synthesis of magnesium  

					oxide (MgO) nanoparticles.  

					of its original volume using  

					a

					water bath.  

					Concentrated ammonium hydroxide was added  

					dropwise until precipitation was complete. The  

					precipitate was filtered, washed with 1% ammonia  

					solution, dried, and weighed. The alkaloid content  

					was expressed as a percentage using the following  

					expression:  

					2.4 FTIR analysis  

					FTIR analysis was conducted using  

					a

					Fourier  

					Transform Infrared Spectrometer to identify  

					functional groups on the surface of nanoparticles.  

					The nanoparticle samples were mixed with  

					spectroscopic-grade potassium bromide (KBr),  

					finely ground, and compressed into pellets. Spectral  

					data were recorded in the range of 4000–400 cm⁻¹  

					with a resolution of 4 cm⁻¹.  

					Weight of Alkaloids  

					Alkaloid content ₌  

					푥 100  

					Weight of Sample  

					Determination of Flavonoid Content:  

					Flavonoid content was measured using quercetin as  

					a standard. Methanolic extract (30 μL) was diluted  

					with 90 μL of methanol, followed by 6 μL each of 10%  

					aluminum chloride (AlCl3) and 1 mol/L sodium  

					acetate (CH3CO2Na). An additional 170 μL of  

					methanol was added, and the mixture was incubated  

					for 30 minutes. Absorbance was measured at 415 nm.  

					Flavonoid content, expressed as μg quercetin  

					equivalent (QE), was calculated using:  

					2.5: Percentage yield Evaluation of MgO NPs  

					In order to calculate percentage yield, the actual  

					yield was compared to the theoretical yield from the  

					assumed chemical equation in Figure 2. Firstly, the  

					determination of the molar mass of magnesium  

					nitrate hexahydrate (Mg(NO3)2. 6H2O} was  

					conducted. The quantity of moles present in  

					magnesium nitrate hexahydrate was derived from  

					the utilized mass (15g). By utilizing the mole ratio  

					stipulated in the balanced equation, the moles of  

					magnesium oxide nanoparticles was ascertained.  

					The conversion of moles of magnesium oxide to  

					grams is performed in order to ascertain the  

					theoretical yield. Subsequent to obtaining the  

					theoretical yield through stoichiometric calculations,  

					the percentage yield can be calculated using the  

					appropriate formula as shown in figure 1.  

					QE × V × D  

					Total Flavonoid Content ₌  

					푊

					where QE is the quercetin equivalent from the  

					calibration curve, V is the sample volume, D is the  

					dilution factor, and W is the sample mass.  

					Estimation of Total Saponin Content  

					Total saponin content was determined using a  

					vanillin-sulphuric acid method. Fifty microliters of  

					plant extract were mixed with 250 μL of distilled  

					water and 250 μL of vanillin reagent (800 mg vanillin  

					in 10 mL ethanol). After adding 2.5 mL of 72%  

					Actual Yield  

					Percentage Yield =  

					x 100  

					(1)  

					Theoretical Yield  
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					Figure 1: Schematics of the green synthetic process  

					3.0 RESULTS AND DISCUSSION  

					The detailed phytochemical screening results are presented in Table 1.  

					Table 1: Quantitative Analysis of Leaf Extracts from Rubber and Awolowo Leaves  

					Parameter  

					Awolowo Leaves  

					14.968 ± 0.042  

					9.513 ± 0.113  

					Rubber Leaves  

					0.447 ± 0.028  

					6.8595 ± 0.0915  

					2.021 ± 0.082  

					1.511 ± 0.090  

					0.8255 ± 0.0065  

					Total Saponin Content (mg/g)  

					Total Flavonoid Content (mg/g QE)  

					Total Tannin Content (mg/g TAE)  

					Total Phenolics Content (mg/g TEA)  

					Alkaloid (%)  

					5.1455 ± 0.0005  

					0.012 ± 0.001  

					3.5455 ± 0.1945  

					3.1 Analysis of Phytochemical Content  

					agents in green nanoparticle synthesis [26]. Awolowo  

					leaves demonstrated a significantly higher flavonoid  

					content of 9.513 ± 0.113 mg/g QE compared to 6.8595  

					± 0.0915 mg/g QE in Rubber leaves. This elevated  

					flavonoid level in Awolowo leaves enhances its  

					ability to efficiently reduce magnesium ions during  

					MgO nanoparticle synthesis, resulting in smaller,  

					well-defined nanoparticles and reinforcing its  

					potential in eco-friendly synthesis.  

					Total Saponin Content  

					Saponins are bioactive compounds valued for their  

					surface-active properties essential in stabilizing  

					nanoparticles [26]. The analysis shows Awolowo  

					leaves have a significantly higher saponin content of  

					14.968 ± 0.042 mg/g compared to 0.447 ± 0.028 mg/g  

					in Rubber leaves. This higher saponin level in  

					Awolowo leaves indicates a superior capability for  

					stabilizing MgO nanoparticles, preventing particle  

					Total Tannin Content  

					agglomeration,  

					uniformity and stability.  

					and  

					enhancing  

					nanoparticle  

					Tannins contribute significantly to reducing  

					magnesium ions and stabilizing nanoparticles by  

					forming protective layers around them [27].  

					Awolowo leaves exhibited a higher tannin content of  

					5.1455 ± 0.0005 mg/g TAE compared to 2.021 ± 0.082  

					Total Flavonoid Content  

					Flavonoids serve as potent antioxidants and reducing  
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					mg/g TAE in Rubber leaves. This suggests that  

					Awolowo leaves possess a superior capacity to  

					stabilize nanoparticles, enhancing their durability.  

					exhibited a substantially higher alkaloid content of  

					3.5455 ± 0.1945% compared to 0.8255 ± 0.0065% in  

					Rubber leaves. This suggests a superior capacity for  

					both reduction and stabilization during MgO  

					nanoparticle synthesis in Awolowo leaves.  

					Total Phenolics Content  

					Phenolic compounds are crucial antioxidants in  

					nanoparticle synthesis [28, 29]. Surprisingly, Rubber  

					leaves had a significantly higher phenolic content of  

					1.511 ± 0.090 mg/g TEA compared to Awolowo  

					leaves, which had only 0.012 ± 0.001 mg/g TEA.  

					Despite this, the lower overall phytochemical content  

					in Rubber leaves may limit its effectiveness in  

					stabilizing MgO nanoparticles during synthesis,  

					requiring support from additional compounds for  

					effective nanoparticle formation.  

					The comparative analysis demonstrates that  

					Chromolaena odorata (Awolowo leaves) is superior  

					to Hevea brasiliensis (Rubber leaves) in green  

					synthesis of MgO nanoparticles. Awolowo leaves'  

					higher content of saponins, flavonoids, tannins, and  

					alkaloids contributes to enhanced reduction  

					efficiency and nanoparticle stability, resulting in the  

					production of smaller, uniform, and durable  

					nanoparticles. Although Rubber leaves exhibit  

					higher phenolic content, their overall lower  

					phytochemical profile limits their effectiveness,  

					positioning Awolowo leaves as a superior bio-  

					resource for sustainable nanoparticle synthesis.  

					Alkaloid Content  

					Alkaloids  

					are  

					nitrogen-containing  

					bioactive  

					compounds that act as reducing agents in  

					nanoparticle synthesis [30, 31]. Awolowo leaves  

					Figure 2: Schematic illustration showing the possible bio-reduction mechanism of plant extract for the synthesis  

					of MgO-NPs [31]  

					Figure 1. shows schematic representation of the  

					method adopted for the green synthesis of  

					magnesium oxide nanoparticles. The initial  

					assessment of the presence of magnesium oxide  

					nanoparticles was inferred from changes in the  

					colouur of the colloidal solution. Given the rich, dark  

					green colour of the aqueous plant extract, a shift to a  

					murky brownish sediment suggested the formation  

					of magnesium oxide nanoparticles. According to  

					Singh et al. [31], colloidal solutions display vibrant  

					colors due to a phenomenon known as Surface  

					Plasmon Resonance (SPR). This phenomenon  

					involves the collective oscillation of unbound  

					electrons on the surfaces of metal nanoparticles  

					when stimulated by electromagnetic radiation  

					typically found in the visible or near-infrared regions  

					of the electromagnetic spectrum. The interaction  

					between light and electrons on nanoparticle surfaces  

					leads to the absorption and scattering of light,  

					resulting in unique optical properties, including  

					distinct colours observed in colloidal metal  

					nanoparticle solutions. The proposed mechanism of  

					this synthesis is driven by the action of various  

					biologically active compounds present in these  

					topical foliages, which function as both chelating and  

					capping agents as illustrated in Figure 2 . Notably,  

					12  

				

			

		

		
			
				
					
				
			

			
				
					Otabor et al.  

					Trop. J. Chem., Jan. 2025; 1(1): 8 –16  

					phenolic compounds that display strong affinity for  

					magnesium ions (Mg²⁺) forming a stable complex.  

					The mechanism proceeds through several key  

					stages, including the complexation of Mg²⁺ with  

					phenolic compounds, nanoparticle aggregation, and  

					the subsequent thermal decomposition of the  

					complex [32, 33]. Upon drying, the magnesium  

					complex decomposes, leading to the generation of  

					MgO NPs  

					Figure 3: FTIR spectra of MgONPs synthesized using Figure 4: FTIR spectra of MgONPs synthesized  

					Awolowo leaves aqueous extract  

					using using Rubber leaves aqueous extract  

					The FTIR spectra of MgONPs synthesized using  

					Awolowo and Rubber leaves extracts (Figures 3 & 4)  

					confirm the presence of O-H groups at 3310.26 cm⁻¹  

					(Awolowo) and 3298.74 cm⁻¹ (Rubber), and C=O  

					groups at 1977.33 cm⁻¹ in both cases. These  

					functional groups play a critical role in the reduction  

					and stabilization of nanoparticles.However, Hevea  

					brasiliensis shows a unique peak at 1391.05 cm⁻¹ for  

					O-H bending or C-H deformation, absent in  

					Chromolaena odorata, which exhibits a peak at  

					1573.58 cm⁻¹ for N-H bending or C=C stretching,  

					suggesting differing functional groups and  

					stabilization mechanisms [34].  

					Table 2: Percentage yield evaluation of the synthesized nanoparticles  

					Extracts  

					Mass of  

					Nitrate Hexahydrate  

					Magnesium Actual yield of Theoretical of yield Percentage yield  

					dried MgO NPs MgO NPs  

					(%)  

					Rubber leaf  

					Awolowo leaf  

					15.0g  

					15.0g  

					1.39g  

					1.41g  

					2.36  

					2.36  

					58.89  

					59.74  

					Percentage yield studies, as presented in Table 2,  

					are vital for evaluating the efficiency and  

					sustainability of plant extract in the green synthesis  

					of magnesium oxide nanoparticles (MgONPs) [35].  

					The percentage yield significantly influences the  

					economic viability of the green synthesis process,  

					aiding in the optimization of large-scale production  

					and assessing its commercial feasibility [35]. The  

					relatively high yields obtained for both leaf samples  

					demonstrate that these plants are effective as bio-  

					reducing and capping agents in the synthesis of  

					MgONPs. The chemical composition of each plant  

					extract plays a pivotal role in determining the  

					effectiveness of the bio-reduction and stabilization  

					processes. The interaction between the bioactive  

					compounds in the plant extracts and magnesium ions  

					is crucial for the synthesis, as effective interactions  

					promote more complete reduction and  

					stabilization of the magnesium ions, thereby leading  

					to higher yields [35, 36]. The results of the synthesis  

					process provide insight into the efficiency of  

					a

					magnesium  

					oxide  

					nanoparticle  

					(MgONPs)  

					production using aqueous extracts of Rubber and  

					Awolowo leaves. For both extracts, 15.0 g of  

					magnesium nitrate hexahydrate was used as the  

					precursor. The actual yield of dried MgONPs was  

					observed to be 1.39 g for Rubber leaf extract and  

					1.41 g for Awolowo leaf extract. The theoretical yield  

					of MgONPs for both processes was calculated to be  

					2.36 g which gave a percentage yield of 58.89% for  

					MgO NPs synthesized with Rubber leaf extract and  

					59.74% for MgONPs synthesized with Awolowo leaf  
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					extract. The Awolowo leaf extract gave a higher  

					yield, which suggest that its phytochemical profile  

					provides a more effective reducing and capping  

					environment compared to the Rubber leaf extract  

					[37, 38, 39]. Higher saponin, alkaliod, Tannin and  

					flavonoid concentrations in the Awolowo leaf extract  

					likely contributed to this efficiency by enhancing the  

					reduction and stabilization of magnesium ions  

					during synthesis. Tannins and alkaloids may have  

					also played a supporting role by interacting with  

					magnesium ions to form a stable nanoparticle  

					structure [40].  

					MgO nanoparticles from plant extracts via  

					induced molecular nucleation. New Journal of  

					Chemistry,  

					41(7),  

					2800–2814.  

					https://doi.org/10.1039/C6NJ03176E  

					[3] Suresh, J., Pradheesh, G., Alexramani, V.,  

					Sundrarajan, M., & Hong, S. (2018). Green  

					synthesis and characterization of hexagonal-  

					shaped MgO nanoparticles using insulin plant  

					(Costus pictus D. Don) leaf extract and its  

					antimicrobial as well as anticancer activity.  

					Advanced  

					Powder  

					Technology.  

					https://doi.org/10.1016/J.APT.2018.04.003  

					[4] Lalithamba, H. S., Omkaresh, B. R., Siddekha, A.,  

					& Anasuya, K. V. (2023). A facile plant-mediated  

					4.0 CONCLUSION  

					green  

					synthesis  

					of  

					magnesium  

					oxide  

					In this study, MgO nanoparticles was successfully  

					produced using green synthesis methods with  

					extracts from Rubber (Hevea brasiliensis) and  

					Awolowo (Chromolaena odorata) leaves. The  

					findings indicate that both extracts are viable for  

					nanoparticle synthesis, with Awolowo leaf extract  

					showing a slightly higher yield. The higher content  

					of saponins, flavonoids, tannins, and alkaloids in  

					Awolowo leaf extract is believed to contribute to its  

					greater efficiency in reducing and stabilizing MgO  

					nanoparticles. The quantitative yields of 58.89% for  

					Rubber leaf and 59.74% for Awolowo leaf highlight  

					the potential of these plant extracts as eco-friendly  

					alternatives for nanoparticles synthesis. Moreover,  
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