Comparative Free radical scavenging Study on the Fruit, Bark and Leaves Extracts of Syzygium guineense (Willd.) DC. (Myrtaceae)
Abstract
Syzygium guineense (Willd.) DC. is widely used in African traditional medicine and believed to possess strong antioxidant properties, though limited comparative studies exist on its different morphological parts. This study comparatively evaluated the in vitro antioxidant activity, qualitative phytochemical composition, and physicochemical properties of the fruit (berry), bark, and leaf extracts of S. guineense using four solvents of increasing polarity: n-hexane, ethyl acetate, methanol, and water. Extraction yields ranged from 0.75% (berry ethyl acetate extract) to 46.75% (berry water extract). Phytochemical screening revealed phenolics including flavonoids, as well as triterpenoids in all parts, with alkaloids and anthraquinones uniquely detected respectively in the berry and leaves. Physicochemical evaluation indicated the highest total ash in bark (6.50 ± 0.25%) and the highest moisture content in berry (18.40 ± 0.25%). Free radical scavenging activity was assessed by the DPPH assay against ascorbic acid (IC50 = 19.649 µg/mL). Methanol berry (IC50 = 0.570 µg/mL) and methanol leaf (IC50 = 0.781 µg/mL) extracts exhibited the strongest antioxidant activity, surpassing vitamin C more than 25-fold. n-Hexane extracts of bark and berry were essentially inactive (IC50 > 200 µg/mL). The study establishes a clear antioxidant ranking: berry ≥ leaves > bark, confirming that plant part and solvent polarity significantly influence phytochemical richness and antioxidant capacity. These findings support the pharmacological basis of the traditional use of S. guineense and identify its berry and leaf methanol extracts as highly promising sources of natural antioxidants for pharmaceutical and nutraceutical development.
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1. Introduction
Oxidative stress arises when the production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) overwhelms the body's intrinsic antioxidant defenses, leading to cellular damage and contributing to the pathogenesis of numerous chronic diseases including cardiovascular disorders, diabetes mellitus, cancer, and neurodegenerative conditions such as Alzheimer's and Parkinson's diseases (Pisoschi & Pop, 2015). Endogenous antioxidant systems—both enzymatic (superoxide dismutase, catalase, glutathione peroxidase) and non-enzymatic (glutathione, uric acid, bilirubin)—may become insufficient during prolonged oxidative challenge, necessitating supplementation from dietary or plant-derived sources (Dogara et al., 2025; Lobo et al., 2010).
Medicinal plants are rich repositories of phenolic compounds, flavonoids, tannins, terpenoids, and alkaloids with substantial antioxidant potential. These phytochemicals function through multiple mechanisms including free-radical scavenging, metal-ion chelation, and inhibition of lipid peroxidation (Shahidi & Ambigaipalan, 2015). Increasing concerns about the toxicity of synthetic antioxidants such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) have intensified interest in natural plant-derived alternatives (Adefegha & Oboh G, 2018). Among African medicinal plants, Syzygium guineense (Willd.) DC. (Myrtaceae), commonly known as water berry or African wild guava, has attracted considerable attention due to its extensive ethnomedicinal use and rich secondary metabolite profile.
Syzygium guineense is a medium-sized evergreen tree native to sub-Saharan Africa. Various plant parts—fruits, bark, leaves, and roots—are traditionally employed to manage stomachaches, diarrhea, dysentery, infertility, intestinal parasites, ophthalmia, malaria, hypertension, diabetes, and microbial infections (Dogara et al., 2025; Dharani, 2016). Generally, scientific literature validating the anticancer activities of this plant have been reported (Koval et al., 2018). Phytochemical investigations have documented diverse secondary metabolites including flavonoids, tannins, terpenoids, saponins, phenolic acids, anthocyanins, fatty acids derivatives, and essential oil constituents such as eugenol, β-caryophyllene, and α-pinene (Dharani, 2016; Djoukeng et al.,2005; Oladosu et al., 2017; 2018). These compounds collectively confer antioxidant, anti-inflammatory, antimicrobial, and antihyperglycemic activities that validate the plant's traditional applications.  Scientific report on the leaf validating its anti‐inflammatory, analgesic, antibacterial, antimalarial, antidiarrheal, antidiabetic (in vitro), antioxidant, antihypertensive (in vivo), and vasodepressor (in vitro) activities have been documented (Djoukeng et al.,2005; Ayele et al., 2010; Ezenyi & Igoli, 2018; Ezuruike et al., 2019; Ior et al., 2012; Tadesse & Wubneh, 2017; Nzufo et al.,2017). Similar scientific literature on the cytotoxic, and anthelminthic activities of the fruits have been reported (Maragesi et al., 2016). A scientific report on the inhibition of the growth of Mycobacterium tuberculosis by the extracts and triterpenoids isolated from the bioactive extract have been documented (Oladosu et al., 2017). The antispasmodic activity of the stem bark has also been reported in scientific literature (Malele et al., 1997).
Despite the documented antioxidant potential of most edible and medicinal flora species, most published studies have examined individual plant parts in isolation making direct comparisons across plant parts difficult. There is, therefore, a clear need for a systematic comparative study that evaluates the fruit, bark, and leaves under identical experimental conditions. The present study was designed to address this gap by conducting a comprehensive in vitro comparative antioxidant evaluation of S. guineense fruit, bark, and leaf extracts obtained by sequential extraction with solvents of increasing polarity, integrating phytochemical screening, physicochemical standardization, and DPPH free radical scavenging assessment.
2. Materials and Methods
2.1 Sample Collection and Authentication
Fresh samples of the fruit (berry), bark, and leaves of Syzygium guineense (Willd.) DC. were collected from the Botanical Garden, Faculty of Pharmaceutical Sciences, University of Port Harcourt, Rivers State, Nigeria. The plant material was authenticated by Dr. Suleiman M., a plant taxonomist in the Department of Pharmacognosy and Phytotherapy, University of Port Harcourt, and voucher specimens were deposited in the departmental herbarium with voucher number UPHM0708. The collected plant parts were thoroughly washed with distilled water to remove extraneous matter and then air-dried under shade at ambient room temperature (25–28°C) for ten days. The dried materials were separately pulverized to fine powder using a mechanical grinder, sieved to uniform particle size, and stored in airtight containers at room temperature until use.
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Figure 1 : Syzygium guineense Wild DC. (Myrtaceae)
2.2 Reagents, Solvents, and Equipment
All reagents and solvents, including n-hexane, ethyl acetate, ethanol, methanol, chloroform, ferric chloride, acetic anhydride, sulphuric acid, hydrochloric acid, and ammonia, were of analytical grade products JHD, India and bought from a local vendor Joechem Ventures, Choba, Port Harcourt Rivers State Nigeria. Dragendorff's and Hager's reagents were prepared in the laboratory of the Department of Pharmacognosy and Phytotherapy, University of Port Harcourt. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent and ascorbic acid (vitamin C) used as the reference antioxidant standard were also of analytical grade. Equipment used included an analytical weighing balance, UV–Visible spectrophotometer, rotary evaporator, muffle furnace, hot-air oven, water bath, desiccator, and standard laboratory glassware.
2.3 Preparation of Plant Extracts
Extraction was carried out by successive maceration of each powdered plant part in solvents of increasing polarity: n-hexane, ethyl acetate, methanol, and water. For each solvent, 20 g of the powdered material was soaked in 100 mL of solvent, shaken vigorously for 6 hours, and then allowed to macerate overnight. The entire process per solvent was conducted over 72 hours, with fresh solvent replacement to ensure exhaustive extraction of compounds of that particular polarity. The mixture was filtered through Whatman No. 1 filter paper, and the filtrate was evaporated under reduced pressure using a rotary evaporator. The residual crude extract was further dried in a desiccator to constant weight and stored at 4°C until use. Extractions were performed in triplicate, and percentage yield was calculated using the formula:
Percentage Yield (%) = [Weight of dried extract / Weight of initial plant material] × 100
2.4 Qualitative Phytochemical Screening
Preliminary phytochemical screening of the ethanol extracts of the fruit, bark, and leaves was conducted to detect the presence of secondary metabolites using standard methods (Harborne, 1998; Houghton & Raman, 1998; Trease and Evans, 2009). Tests were performed for alkaloids (Dragendorff's and Mayer's tests), flavonoids (Aluminium chloride colorimetric test), phenolics (ferric chloride test), anthraquinones (Borntrager's test), and triterpenoids (Liebermann–Burchard test). Results were recorded as present (+) or absent (−).
2.5 Physicochemical Analysis
Physicochemical characterization of the powdered plant materials was performed according to The World Health Organisation (WHO) quality control guidelines for medicinal plant materials (WHO, 2011). Moisture content was determined by drying 2 g of each powdered sample in a pre-weighed crucible at 105°C in a hot-air oven to constant weight, cooling in a desiccator, and reweighing. The moisture content was calculated as: Moisture (%) = [(W1 – W2) / (W1 – W0)] × 100, where W0 = empty crucible weight, W1 = weight before drying, and W2 = weight after drying. Total ash content was determined by incinerating 2 g of each powdered sample in a muffle furnace at 550°C for 5 hours to grey-white ash. Acid-insoluble ash was obtained by boiling the total ash with 25 mL of 5% sulphuric acid, filtering through ashless filter paper, drying, and re-incinerating the residue. Water-soluble ash was derived by washing the total ash with 25 mL of hot water, filtering, drying, re-incinerating the water-insoluble residue, and subtracting from total ash.
2.6 In Vitro DPPH Free Radical Scavenging Assay
The antioxidant activity of each extract was evaluated using the DPPH free radical scavenging assay as described by (Molyneux, 2004) with slight modifications as reported by (Afieroho & Akabuogu, 2020). A 0.1 mM solution of DPPH was freshly prepared in methanol with the optical density adjusted to fall within the range of 1.0-1.5 absorbance unit. Where appropriate, serial concentrations of each extract (200, 100, 50, 25, and 12.5 µg/mL) were prepared in methanol. One milliliter of each concentration was added to 3 mL of the DPPH solution, mixed thoroughly, and incubated in the dark at room temperature for 30 minutes. Absorbance was measured at 517 nm using a UV–Visible spectrophotometer. Methanol served as the blank, and ascorbic acid (vitamin C) at the same concentration range was used as the positive reference standard. All assays were performed in triplicate. The percentage of DPPH radical scavenging activity was calculated as:
% Radical Scavenging Activity = [(A0 – A1) / A0] × 100
where A0 = absorbance of the control (DPPH only) and A1 = absorbance of the test sample or standard. The IC50 value—the concentration required to scavenge 50% of DPPH radicals—was extrapolated from the linear regression plot of percentage inhibition against extract concentration.
2.7 Data Analysis
All experiments were conducted in triplicate, and results are expressed as mean ± standard deviation (SD). Statistical significance among groups was assessed by one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test. A p-value of < 0.05 was considered statistically significant. Graphs and regression plots were generated using GraphPad Prism version 9.0.
3. Results
3.1 Percentage Extraction Yield
Table 1. Percentage extraction yields (% w/w) of bark, berry, and leaf extracts of Syzygium guineense
	Solvent
	Bark
	Berry
	Leaves

	n-Hexane
	2.98
	2.95
	3.75

	Ethyl acetate
	9.35
	0.75
	1.28

	Methanol
	1.13
	1.13
	1.03

	Water
	1.18
	46.75
	1.35


As shown in Table 1, extraction yields varied considerably across plant parts and solvents. The aqueous extract of the berry gave the highest yield (46.75%), far exceeding all other extracts. The ethyl acetate bark extract produced the second highest yield (9.35%), while the n-hexane leaf extract yielded 3.75%. The methanol extracts produced comparable but modest yields across all three parts (1.03–1.13%), and the berry ethyl acetate extract recorded the lowest yield overall (0.75%). This pattern indicates that the berry contains predominantly polar, water-soluble constituents, while the bark is richer in semi-polar compounds.
3.2 Qualitative Phytochemical Screening
Table 2. Phytochemical constituents of bark, berry, and leaf extracts of Syzygium guineense
	Phytochemical
	Bark
	Berry
	Leaves

	Alkaloids
	-
	+
	trace

	Anthraquinones
	−
	−
	+

	Flavonoids
	+
	+
	+

	Triterpenoids
	+
	+
	+

	Phenolics
	+
	+
	+


Key: + = Present; − = Absent
Qualitative phytochemical screening of the ethanol extracts (Table 2) revealed that phenolics including flavonoids, as well as triterpenoids were present in all three plant parts (bark, berry, and leaves). Anthraquinones were uniquely detected in the leaf extract and were absent in both the bark and berry. Alkaloids were detected in the berry but absent in the bark and leaves. This differential distribution provides chemotaxonomic insight and suggests distinctive antioxidant contributors across the plant's morphological parts.
3.3 Physicochemical Properties
Table 3. Physicochemical parameters (% w/w) of Syzygium guineense plant parts (mean ± SD, n = 3)
	Parameter (% w/w)
	Bark
	Berry
	Leaves

	Moisture Content
	7.85 ± 0.12
	18.40 ± 0.25
	10.62 ± 0.18

	Total Ash
	6.50 ± 0.25
	2.80 ± 0.10
	4.20 ± 0.15

	Acid-Insoluble Ash
	0.80 ± 0.05
	0.25 ± 0.01
	0.50 ± 0.02

	Water-Soluble Ash
	2.10 ± 0.10
	1.10 ± 0.08
	1.80 ± 0.12


Physicochemical results (Table 3) showed that moisture content followed the pattern berry (18.40 ± 0.25%) > leaves (10.62 ± 0.18%) > bark (7.85 ± 0.12%), consistent with the respective tissue anatomy and metabolic activity. Total ash content was highest in the bark (6.50 ± 0.25%), followed by leaves (4.20 ± 0.15%) and berry (2.80 ± 0.10%), reflecting greater inorganic mineral content in bark tissues. Acid-insoluble ash and water-soluble ash followed the same trend: bark > leaves > berry.
3.4 In Vitro DPPH Antioxidant Activity
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Figure 2: Concentration dependent DPPH radical scavenging activity (% inhibition) of Vitamin C (reference standard)
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Figure 3: Concentration dependent DPPH radical scavenging activity (% inhibition) of n-hexane extracts of Syzygium guineense
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Figure 4: Concentration dependent DPPH radical scavenging activity (% inhibition) of ethyl acetate extracts of S. guineense
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Figure 5: Concentration dependent DPPH radical scavenging activity (% inhibition) of methanol extracts of Syzygium guineense
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Figure 6: Concentration dependent DPPH radical scavenging activity (% inhibition) of aqueous extracts of Syzygium guineense
Table 4. Median Inhibition concentration (IC₅₀) values (µg/mL) of bark, berry, and leaf extracts of Syzygium guineense by DPPH assay
	Extract
	Bark
	Berry
	Leaves
	Vitamin C (reference)

	n-Hexane
	>200 (inactive)
	>200 (inactive)
	25.000
	19.649

	Ethyl acetate
	25.669
	2.404
	160.714
	

	Methanol
	20.500
	0.570
	0.781
	

	Water
	17.614
	19.792
	12.500
	


Lower IC₅₀ values indicate stronger antioxidant activity. Extracts with IC₅₀ > 200 µg/mL are classified as inactive.
4. Discussion
4.1 Extraction Yield
The extraction yields varied markedly across plant parts and solvents (Table 1), reflecting the combined influence of solvent polarity and tissue-specific phytochemical composition. The berry produced an exceptionally high aqueous yield (46.75%), far exceeding that of bark (1.18%) and leaves (1.35%), indicating an abundance of highly polar water-soluble constituents such as sugars, organic acids, phenolic glycosides, and anthocyanins in the fruit pulp. This is consistent with (Svarcova, 2007; Lee, 2015) who noted that fruit tissues are characteristically rich in glycosylated polar metabolites readily extracted by aqueous solvents. The aqueous berry yield is also consistent with the high moisture content (18.40 ± 0.25%) observed for the berry, reflecting its soft parenchymatous nature.
Ethyl acetate extraction produced the highest yield from bark (9.35%), suggesting an abundance of semi-polar metabolites such as condensed tannins, flavonoid aglycones, and triterpenoids in bark tissues. This aligns with observations that bark commonly accumulates defensive semi-polar metabolites against microbial invasion (Nisca & Tanase, 2025; Nisca et al., 2022; Quek et al., 2021). The n-hexane leaf extract recorded the highest non-polar yield (3.75%), pointing to lipophilic constituents including waxes, chlorophyll derivatives, terpenoids, and fatty acids characteristic of leaf surface chemistry (Abubakar, 2020). The methanol extracts produced consistent but low yields across all parts (1.03–1.13%), suggesting that the predominant polar constituents in the berry are primarily water-soluble glycosides rather than free aglycones. Collectively, these yield patterns confirm intrinsic compositional differences among the three morphological parts of S. guineense.
4.2 Phytochemical Composition
Qualitative phytochemical screening confirmed the presence of phenolics including flavonoids, in addition to triterpenoids in all three plant parts (Table 2). The universal occurrence of flavonoids and phenolics is particularly noteworthy, as these are the principal contributors to antioxidant activity in plant extracts through hydrogen-atom donation, single-electron transfer, and metal ion chelation mechanisms (Apak et al., 2013; Rice-Evans et al., 1997). The presence of triterpenoids in all parts further suggests diverse bioactive potential beyond antioxidant activity, including anti-inflammatory and cytoprotective effects (Phukan, 2023). These findings corroborate previous reports of phenolics and flavonoids in S. guineense leaf, bark, and fruit extracts (Uddin, 2022).
Whereas alkaloids were detected only in the berry, anthraquinones were exclusively detected in the leaf extract. This is a novel and significant finding. Anthraquinone derivatives such as emodin and chrysophanol (Zhao & Zheng, 2023), and some isoquinoline alkaloids of the aporphines type (Guedes et al., 2025), have been widely reported to possess potent free radical-scavenging activity. This leaf-specific as well as berry-specific chemical marker adds to the phytochemical distinctiveness of the leaves and berry and may partly account for the exceptional antioxidant potency of their methanol extracts as observed in this study. This leaf- and berry specific distribution provides new chemotaxonomic information on S. guineense and has implications for bioactive compound isolation strategies.
4.3 Physicochemical Parameters
The moisture content pattern (berry > leaves > bark) is consistent with the functional anatomy and physiology of these plant tissues. The high moisture of the berry (18.40 ± 0.25%) reflects the succulent, parenchyma-rich nature of fruit tissue and explains the high aqueous extraction yield. The moderate leaf moisture (10.62 ± 0.18%) is attributed to active photosynthetic and transpiratory processes, while the low bark moisture (7.85 ± 0.12%) reflects its dense, lignified, protective structure with minimal metabolic water retention. These moisture values fall within acceptable WHO guidelines for crude plant materials, confirming good sample quality and stability during storage (WHO, 2011).
Total ash content was greatest in the bark (6.50 ± 0.25%), indicating higher inorganic mineral content and structural reinforcement typical of woody tissues. Acid-insoluble ash (bark: 0.80 ± 0.05%), reflecting siliceous matter and sand contamination, was also highest in bark, consistent with environmental exposure of the outer protective tissue. Water-soluble ash followed the same pattern (bark > leaves > berry), suggesting higher concentrations of water-extractable inorganic salts in the bark. These findings confirm the authenticity and purity of the plant materials and provide reference physicochemical parameters for the quality control standardization of S. guineense raw materials in accordance with the WHO guidelines (WHO, 2011).
4.4 In Vitro Antioxidant Activity
The DPPH free radical scavenging assay revealed highly significant differences in antioxidant potency among extracts (Figures 2-6 and Table 4), clearly establishing a differential ranking of the three morphological parts. The n-hexane extracts of bark and berry were essentially inactive (IC50 > 200 µg/mL), consistent with the general inability of non-polar solvents to efficiently extract phenolic antioxidants, which are predominantly polar or semi-polar molecules ( Pandey & Rizvi, 2009). The n-hexane leaf extract, however, showed moderate activity (IC50 = 25.000 µg/mL), attributable to lipophilic antioxidants such as terpenoids or tocopherols that may be present in the leaf surface waxes and essential oils.
Ethyl acetate extracts showed varied activity: bark (IC50 = 25.669 µg/mL) and leaves (IC50 = 160.714 µg/mL) exhibited lower potency, while the berry ethyl acetate extract produced strong activity (IC50 = 2.404 µg/mL), surpassing vitamin C (IC50 = 19.649 µg/mL) approximately eightfold. This finding implies a substantial concentration of semi-polar phenolics and flavonoid aglycones in the berry, consistent with previous reports on Syzygium species (Sakihama et al., 2002).
Methanol extracts demonstrated the highest overall antioxidant activity, with the berry (IC50 = 0.570 µg/mL) and leaf (IC50 = 0.781 µg/mL) extracts showing exceptionally potent radical-scavenging capacity—surpassing vitamin C by more than 25-fold. These IC50 values fall within the potency range of benchmark natural antioxidants such as quercetin and gallic acid (Konrad & Nieman, 2015; Ozgen et al., 2016), implying high concentrations of free phenolics, flavonoids, and possibly anthocyanins in the berry and anthraquinone-enriched flavonoids in the leaves. The methanol bark extract also showed appreciable activity (IC50 = 20.500 µg/mL), slightly exceeding vitamin C, and attributable to condensed tannins and triterpenic phenols characteristic of bark tissues.
Aqueous extracts demonstrated moderate antioxidant activity across all parts: leaves (IC50 = 12.500 µg/mL) > bark (IC50 = 17.614 µg/mL) > berry (IC50 = 19.792 µg/mL), all of which compare favorably with or approximate the activity of vitamin C (IC50 = 19.649 µg/mL). The activity of aqueous extracts likely reflects the extraction of phenolic glycosides, hydrophilic antioxidants, and   substantiating the antioxidant significance of leaf-specific constituents including anthraquinones. These results are consistent with (Nzufo et al.,2017; Pieme et al., 2014), who similarly reported strong antioxidant activity in S. guineense leaf and fruit extracts.
Overall, the antioxidant potency ranking is: berry methanol > leaf methanol > berry ethyl acetate ≫ vitamin C, with leaf aqueous, bark water, and berry water extracts also performing comparably to vitamin C. The clear superiority of methanol as an extraction solvent for antioxidant-active compounds is consistent with its intermediate polarity, which facilitates efficient co-extraction of both free and glycosylated phenolics (Shahidi & Ambigaipalan, 2015). The correlation between the richness of phenolics and flavonoids (phytochemical screening) and the potency of DPPH scavenging activity across extracts strongly supports the mechanistic link between these secondary metabolites and the observed antioxidant effects, validating the use of S. guineense in traditional medicine for oxidative stress-related ailments.
5. Conclusion
This study conducted a systematic comparative evaluation of the phytochemical composition, physicochemical properties, and in vitro DPPH antioxidant activity of the fruit (berry), bark, and leaf extracts of Syzygium guineense (Willd.) DC. using four solvents of increasing polarity. Extraction yields ranged widely (0.75–46.75%), with the aqueous berry extract recording the highest yield, reflecting the abundance of polar metabolites in fruit tissue. Qualitative phytochemical screening confirmed the universal presence of alkaloids, flavonoids, triterpenoids, and phenolics across all three plant parts, while anthraquinones were uniquely detected in the leaves—an observation with important chemotaxonomic and antioxidant implications. Physicochemical parameters met standard WHO quality control benchmarks, with bark exhibiting the highest ash content and berry the highest moisture, consistent with their respective tissue architectures.
The DPPH assay revealed that the methanol berry (IC50 = 0.570 µg/mL) and methanol leaf (IC50 = 0.781 µg/mL) extracts possessed the most potent antioxidant activities, surpassing vitamin C (IC50 = 19.649 µg/mL) by more than 25-fold. Several other extracts, including the ethyl acetate berry, aqueous leaf, and aqueous bark, also demonstrated activities equal to or stronger than vitamin C. Non-polar n-hexane extracts of bark and berry were inactive. These results clearly establish the antioxidant ranking: berry ≥ leaves > bark, and confirm that solvent polarity and plant part type are determinant factors governing antioxidant potential in S. guineense. The strong correlation between flavonoid and phenolic content and antioxidant activity provides scientific validation for the plant's traditional use in managing oxidative stress-associated conditions across Africa. The berry and leaf methanol extracts of S. guineense are identified as highly promising candidates for further bioactivity-guided fractionation and development of natural antioxidant formulations for pharmaceutical and nutraceutical applications.
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