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Phytochemical profile, antiradical and antioxidant capacity of leaves and stems of Landolphia owariensis P.Beauv. (Apocynaceae): Valorization of an Ivorian plant
ABSTRACT: 
Objective: This study aims to investigate the phytochemical composition and antioxidant capacity of the leaves and stems of Landolphia owariensis P.Beauv.
Methodology: A qualitative and quantitative phytochemical screening was carried out using colorimetric tests, along with the determination of total phenols, total flavonoids, condensed tannins, iridoids, and alkaloids. The radical scavenging and antioxidant activities were evaluated using DPPH and FRAP assays on both crude methanolic extracts and selective ethyl acetate extracts of the leaves and stems of Landolphia owariensis P.Beauv.
ABSTRACT: The extraction yields obtained from leaves and stems of Landolphia owariensis P. Beauv. varied between 14.22% and 17.68%. Methanolic maceration of the leaves (MFM: 17.68%) produced significantly higher yields than the stems (MTM: 15.77%), and a similar trend was observed in methanolic decoction (DFM: 16.18% vs. DTM: 14.22%). Qualitative phytochemical screening revealed the presence of alkaloids, flavonoids, iridoids, phenolic compounds, and condensed tannins. Quantitative analysis showed that the concentrations of total phenols, flavonoids, condensed tannins, iridoids, and alkaloids varied depending on the solvent and extraction method. Total phenols were more abundant in stem extracts (DTM: 779.64 ± 1.23; MTM: 972.39 ± 2.63 mg GAE/g DW) compared to leaf extracts (DFM: 376.05 ± 3.44; MFM: 477.59 ± 2.43 mg GAE/g DW). Flavonoids were predominantly found in leaves (DFM: 978.64 ± 3.60; MFM: 874.53 ± 3.38 mg QE/g DW), while condensed tannins were more concentrated in stems (DTM: 221.86 ± 2.52; MTM: 188.16 ± 1.52 mg CE/g DW). Iridoids showed moderate and consistent concentrations across organs, and alkaloids displayed low and comparable levels (16–17 mg/g DW). The DPPH assay indicated that the stem macerate in methanol (MTM) was the most effective crude extract with an IC₅₀ of 11.195 µg/mL, while the FRAP assay confirmed its highest reducing power (MTM: 1505.727 mM FeSO₄/g), followed by the stem decoction (DTM: 1240.179 mM FeSO₄/g).

Conclusion: This study establishes that Landolphia owariensis P.Beauv constitutes a rich source of specialized metabolites with antioxidant properties, thus validating its therapeutic use in traditional medicinal practices.
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1. INTRODUCTION

Nowadays, numerous human pathologies such as cancers, diabetes, and hypertension are intrinsically linked to oxidative stress (Hybertson et al., 2011; Desmier, 2016). This phenomenon, resulting from an imbalance between the production of reactive oxygen species (ROS) and the body's antioxidant defense mechanisms, can cause damage to essential biomolecules, which is often irreversible (Liguori et al., 2018; Schieber & Chandel, 2014). In response to this growing public health threat, interest in plant-based medicine continues to rise. Indeed, plants represent an invaluable source of specialized active metabolites with recognized pharmacological properties, particularly antioxidant effects, capable of counteracting free radicals and mitigating oxidative stress (Smara, 2014; Kabran, 2014; Néve, 2002; Sharma et al., 2021). Numerous recent studies confirm that natural compounds, including phenolic compounds, flavonoids, tannins, alkaloids, iridoids, and vitamins, constitute an extremely promising class of therapeutic agents for neutralizing the harmful effects of oxidative stress (Gasparetto et al., 2012; Abidi et al., 2016; Havsteen, 2002; Banahmed, 2009; Khan et al., 2023; Costa et al., 2022). Okhale et al., (2016) determined the phytochemical composition of essential oils extracted from the leaves of L. owariensis. It is therefore crucial to continue and intensify the discovery of new biologically active molecules in this field. It is within this global context that the present study was initiated, aiming to explore Landolphia owariensis P.Beauv, an Apocynaceae species from the Ivorian flora. Known for its versatility, L. owariensis P.Beauv is traditionally used in Côte d'Ivoire as a source of rubber, as well as a food and ancestral remedy. This species thus represents a promising candidate for the search for new natural agents with therapeutic and antioxidant potential.
2. MATERIALS AND METHODS
2.1. Plant Material
The leaves and stems of Landolphia owariensis P. Beauv. were collected from a forest located near the National Center for Agronomic Research (CNRA, 5° 19′ 48.807″ N, 4° 7′ 51.767″ W) and the Swiss Center for Scientific Research in Adiopodoumé (CSRS, 5° 19′ 49.841″ N, 4° 7′ 40.703″ W), in southern Côte d’Ivoire. The species was identified and authenticated at the Botany Laboratory of the CSRS in Côte d’Ivoire (herbarium NO 7, SIG Ivoire database number: 2315542). The plant samples were carefully cleaned, then dried in an air-conditioned room at 20 °C (one week for the leaves and two weeks for the stems) before being ground. A reference specimen was preserved in our laboratory.

2.2. Methods 

2.2.1. Extract preparation

 2.2.1.1. Crude extracts

 Ten grams (10 g) of powdered plant material from leaves or stems were subjected to a sequential extraction process. Initially, the powder was defatted through two 24 h macerations in 100 mL of petroleum ether, followed by two 24-hour macerations in 100 mL of dichloromethane to extract moderately polar compounds. The resulting dried residue was then treated using two distinct protocols: three successive 24 h macerations in 100 mL of methanol, and three 30-minute decoctions in 100 mL of methanol. After solvent removal using a rotary evaporator (Büchi, Rotavapor R-300), four crude methanolic extracts were obtained: leaf macerate (MFM), stem macerate (MTM), leaf decoction (DFM), and stem decoction (DTM). These extracts were collected and stored for subsequent selective extraction, phytochemical family identification, and evaluation of radical scavenging and antioxidant activity.
2.2.1.2. Ethyl Acetate-Selective Extracts 

1g of each methanolic extract (MFM, MTM, DFM, DTM) was dissolved in 150 mL of distilled water and then subjected to a stepwise liquid-liquid extraction. The aqueous phase was treated with ethyl acetate (3 × 150 mL) to yield the extracts (AcMFM, AcMTM, AcDFM, AcDTM) after solvent removal to dryness using a rotary evaporator. Based on thin-layer chromatography (TLC) profiles indicating a higher abundance of polar specialized metabolites (secondary metabolites), the ethyl acetate fractions were selected for assessment of their radical scavenging and antioxidant potential using the DPPH and FRAP assays, respectively.
2.2.2. Qualitative phytochemical screening of crude methanolic extracts

The qualitative analysis was carried out using colorimetric tests (Trim and Hill, 1952 ; Békro et al., 2007; N’Gaman, 2013 ; Kabran, 2014). 
2.2.2.1.  Phenolic compounds
To 2 mL of crude ethanolic extract, a few drops of an aqueous solution of ferric chloride (FeCl₃, 2%, w/v) were added. The appearance of a blue-black or green-black coloration indicates the presence of phenolic compounds.
2.2.2.2.  Flavonoids
The identification of flavonoids was carried out using three specific colorimetric tests:

· Shinoda Test: 5 to 7 drops of concentrated hydrochloric acid (HCl) and 2 to 5 magnesium (Mg) turnings were added to 2 mL of crude alcoholic extract. After 3 to 5 min, the appearance of an orange coloration indicated the presence of flavonoids. To accelerate the reaction and intensify the color, the reaction mixture was heated in a water bath for 2 to 3 min.
· Basic lead acetate test: to 1 mL of crude methanolic extract, 3 to 5 drops of basic lead acetate solution (10%, w/v) were added. The development of an orange-yellow coloration indicated the presence of flavonoids.
· Concentrated hydrochloric acid Test: To 1 mL of crude methanolic extract, 3 to 5 drops of concentrated HCl solution were added. The appearance of a red coloration was considered a positive reaction.
· Ammonia test: to 1 mL of crude alcoholic extract, 3 to 5 drops of an ammonia solution (NH4OH) are added. The appearance of a yellow color when cold, or an orange or red color when hot, indicates the presence of flavones, flavanones, flavonols, or flavononols. A red color when cold shows the presence of chalcones and aurones, while a blue or purple color indicates the presence of anthocyanins.
· Vanillin test: this test allows for the detection of catechins in plant extracts. To perform this, 1 mL of crude alcoholic extract is mixed with 3 to 5 drops of an acidic vanillin solution (prepared with 1 g of vanillin dissolved in 50 mL of concentrated hydrochloric acid). The appearance of a strawberry-red color reveals the presence of catechin.

2.2.2.3. Tannins 
The identification of tannins was carried out using two specific colorimetric tests:

· Stiasny test: 5 mL of Stiasny reagent (30% formaldehyde in concentrated HCl, 2:1 v/v) were added to an aliquot of methanolic extract. The formation of flocculent precipitates upon cooling indicated a positive reaction.

· Detection of gallic tannins (Sodium nitrate test): After filtering the flocculent precipitate through filter paper, the filtrate was saturated with sodium nitrate (NaNO₃). A few drops of ferric chloride (FeCl₃, 2%, w/v) were then added. The appearance of a bluish-black coloration indicated the presence of gallic tannins.
· Detection of condensed tannins (Bromine water test): To 2–3 mL of the methanolic solution, bromine water was added dropwise until the release of Br₂ became noticeable. The immediate formation of a precipitate indicated the presence of condensed (catechin-type) tannins.
2.2.2.1. Alkaloids 
In 4 test tubes, 1 to 2 ml of methanolic extract are distributed. In each tube are added respectively a few drops of aqueous picric acid solution, Dragendorff's reagent, Bouchardat, Wagner and Mayer reagents. The appearance of intense colored precipitates indicates a positive reaction.
2.2.2.2. Iridoids (Trim-Hill reagent test)
1g of plant powder is macerated in 5 mL of 1% HCl for 3 to 6 h at room temperature. Then, 0.2 mL of this macerate is taken and mixed with 1 mL of Trim-Hill reagent, prepared according to the 10:1:0.5 ratio (10 mL of acetic acid (AcOH), 1 mL of copper sulfate pentahydrate solution (CuSO₄·5H₂O at 0.2%), and 0.5 mL of concentrated HCl). After heating the mixture in a boiling water bath for about 5 min, a blue coloration appears in case of iridoid presence, indicative of Cu²⁺-iridoid complex formation.
2.2.3. Quantitative phytochemical screening of raw methanol extracts
The assays were carried out according to standard spectrophotometric methods, adapted to each class of bioactive phytocompounds.
2.2.3.1. Determination of total phenolic content
The quantification of total phenolic compounds in the extracts was performed using the Folin–Ciocalteu colorimetric method (Singleton, & Rossi, 1965). The quantification of total phenolic compounds in the extracts was performed using the Folin–Ciocalteu colorimetric method. Briefly, 0.01 g of crude extract was dissolved in 10 mL of distilled water to prepare the stock solution, which was then diluted tenfold. Subsequently, 1 mL of the diluted solution was mixed with 0.5 mL of Folin–Ciocalteu reagent (0.5 N) and 1.5 mL of sodium carbonate solution (Na₂CO₃, 17% w/v). After incubation in the dark for 30 min, the absorbance was measured at 760 nm using a spectrophotometer (JASCO V-630, Serial No.: C261061148), with distilled water as the blank. The total phenolic content was determined from a gallic acid calibration curve and expressed as milligrams of gallic acid equivalent per gram of dry weight (mg GAE/g), with all analyses performed in triplicate to ensure precision and reproducibility (Singleton et al., 1999; Heilerová et al., 2003). This method relies on the oxidation of phenolic compounds by a phosphomolybdate-phosphotungstate reagent in alkaline medium, producing a blue heteropolymolybdotungstate complex whose intensity at 760–765 nm is proportional to the total phenolic concentration.
2.2.3.2. Determination of total flavonoid content
The total flavonoid content of the extracts was determined using the colorimetric method described by Arvouet-Grand et al. (Arvouet-Grand et al.,1994), based on the complexation of flavonoids with aluminum chloride (AlCl₃). A quantity of 0.01 g of crude extract was dissolved in 10 mL of distilled water, and the resulting stock solution was diluted tenfold. Then, 2 mL of this diluted solution were mixed with 2 mL of 2% AlCl₃ (w/v) in methanol. The mixture was incubated for 15 min in the dark to allow the formation of colored Al(III)-flavonoid complexes. Absorbance was then measured at 415 nm using a spectrophotometer (JASCO V-630, serial No. C261061148), with distilled water as a blank.

A calibration curve was established using quercetin solutions of known concentrations, allowing the results to be expressed as milligrams of quercetin equivalent per gram of dry matter (mg QE/g DM). Each measurement was performed in triplicate to ensure data reliability. This method allows for precise quantification of total flavonoids, particularly flavonols, and relies on spectrophotometric reading at 415 nm using quercetin as the reference standard (Mammen, 2012; Chorha et al., 2020).
2.2.3.3. Total condensed tannins assay 
The quantification of condensed tannins was performed according to the original method of Broadhurst & Jones (Broadhurst & Jones,1978), adopted and adapted by Heilmer et al. (Heilmer et al.,2006). 0.2 mL of crude extract (1 mg/mL) is mixed with 1.5 mL of 4% vanillin solution (w/v in methanol) and with 0.75 mL of concentrated HCl, then incubated in darkness for 15 min. The reaction produces a colored complex, whose absorbance is measured at 500 nm using a spectrophotometer (JASCO V-630 Serial No.: C261061148), the obtained value being proportional to condensed tannins. Concentrations are determined from a calibration curve based on catechin (0.15–0.009375 mg/mL), allowing results to be expressed in mg catechin equivalent per gram of dry matter (mg ECT/g DM). The analyses are performed in triplicate to ensure data reliability.

2.2.3.4. Total alkaloid quantification 
Twenty-five milligrams of crude extract were dissolved in 10 mL of 0.1 N hydrochloric acid (HCl), followed by the addition of 2 to 3 drops of methyl red indicator, resulting in a pink coloration characteristic of acidic media. The mixture was then titrated with 0.1 N sodium hydroxide (NaOH) until a pale-yellow endpoint indicated neutralization (pH range: 4.4–6.2). This procedure was repeated three times to ensure accuracy. The total alkaloid content was calculated by considering that 1 mL of 0.1 N HCl corresponds to 0.0162 g of alkaloids. This value was used to express the alkaloid concentration in grams per gram of dry matter, based on the volume of NaOH consumed (Kouadio et al., 2020). This classical acid-base titrimetric method offers a reliable and straightforward way to quantitatively estimate total alkaloids with a calibrated reference based on the HCl mass equivalent.

2.2.3.5. Total iridoid quantification 
The total iridoid content was determined using the colorimetric method of Trim & Hill (Trim and Hill ,1952), as modified by Maria et al. (Maria et al., 2020). A volume of 400 µL of crude extract (1.5 mg/mL) was mixed with 4 mL of Trim-Hill reagent (volume ratio 10:1:0.5; composed of 10 mL glacial acetic acid, 1 mL 0.2% CuSO₄ solution, and 0.5 mL concentrated HCl). The mixture was heated at 100 °C for 5 min, inducing the formation of a blue-colored complex. Absorbance was measured at 609 nm using a JASCO V-630 spectrophotometer (Serial No.: C261061148), corresponding to the maximum absorption of the cupric-iridoid complex (Falcón-Ruiz et al., 2020). Analyses were performed in triplicate, and results were expressed as milligrams of aucubin equivalent per gram of dry matter (mg AU/g DM), based on a calibration curve established using aucubin within the typical range of 0.1–1 mg/L.

2.2.4.1. DPPH Assay (Free Radical Scavenging Activity):

DPPH (2,2-diphenyl-1-picrylhydrazyl) was previously dissolved in absolute ethanol at a concentration of 0.03 mg/mL to provide a stable radical solution with a maximum absorbance at 517 nm. A series of extract solutions (crude and selective) was prepared in the same solvent at the following concentrations: 0.125; 0.065; 0.03125; 0.015625; 0.0078125; 0.00390625; and 0.00195313 mg/mL. In each test tube, 1 mL of extract was mixed with 2 mL of the DPPH solution. The mixtures were incubated in the dark for 30 min, after which the absorbance was measured at 517 nm using a spectrophotometer (JASCO V-630, serial No. C261061148). For this measurement, a solution containing 2 mL of DPPH and 1 mL of absolute ethanol was used as a blank. A solution of ascorbic acid (vitamin C) was used as a positive control to validate the test.

The percentage of DPPH reduction (PR) was calculated using the following formula (Brand-Williams et al., 1995):
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Where:

Ab = Absorbance of the blank

Ae = Absorbance of the sample

The concentration required to reduce 50% of the DPPH radical (RC₅₀) was determined graphically from the PR values (Sánchez-Moreno et al., 1998; Etekpo, 2018; Tanoh et al., 2019; Etekpo et al., 2022) using Microsoft Excel version 2016.

2.2.4.1. Evaluation of Antioxidant Capacity: FRAP Test (Ferric Reducing Antioxidant Power)
The ferric reducing antioxidant power (FRAP) of the samples was evaluated according to the method of Benzie and Strain (Benzie and Strain,1996), adapted by Gong et al. (Gong et al., 2016) and Konan et al. (Konan et al., 2020). The FRAP reagent was prepared by combining 0.1 M acetate buffer (pH = 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) solution, and 20 mM FeCl3 in a volumetric ratio of 10:1:1 (v/v/v). To 3 mL of this reagent, 100 µL of extract at a concentration of 0.0625 mg/mL was added. After incubation for 4 min at room temperature, the absorbance of the mixtures was measured at 593 nm using a spectrophotometer (JASCO V-630 Series No: C261061148). A ferrous sulfate (FeSO₄) standard solution at different concentrations (0.103; 0.206; 0.411; 0.823 µM) was used to establish the calibration curve. The results were expressed in millimoles of FeSO₄ equivalents per gram of dry matter (mM FeSO₄ eq/g DM).
2.3. Statistical Analysis
Statistical analysis was performed using one-way analysis of variance (ANOVA) using IBM SPSS Statistics version 25. Differences between means were considered significant at the 5% level (p < 0.05). If significant, a Tukey post-hoc test (multiple comparisons test) was applied to identify specific differences between groups. All experimental measurements were performed in triplicate, and results are expressed as means ± standard deviation (Mean ± SD).
3. RESULTS AND DISCUSSION
3.1. Extraction Yields
Table 1 presents the extraction yields obtained from the leaves and stems of Landolphia owariensis P.Beauv using two methods (decoction and maceration) with methanol as the solvent. These results allow for an assessment of the efficiency of the different extraction techniques applied to this plant. Overall, the yields ranged from 14.22% to 17.68%, indicating a good extraction capacity for the phytochemicals present in Landolphia owariensis P.Beauv using the employed methods. The low standard deviations associated with each yield (± 0.068 to ± 0.001) reflect excellent reproducibility of the extraction protocols, which supports the reliability of the presented data. Leaf extracts exhibited higher yields than stem extracts regardless of the extraction method used. Methanolic maceration of leaves (MFM: 17.68%) resulted in significantly higher yields than that of stems (MTM: 15.77%), and a similar trend was observed with methanolic decoction, where leaf decoction (DFM: 16.18%) surpassed stem decoction (DTM: 14.22%). This observation suggests that the leaves of Landolphia owariensis P.Beauv contain a greater concentration of methanol-extractable compounds compared to the stems. This difference may be attributed to variations in phytochemical composition, cellular density, or tissue structure between the two organs. Methanolic maceration proved to be more efficient than methanolic decoction regardless of the plant part used. Indeed, maceration involves soaking plant material in solvent at ambient temperature for a prolonged period, which generally promotes better diffusion of soluble compounds without the risk of thermal degradation that may occur during decoction. Although heating can improve solubility by lysing cell walls, it may also lead to the breakdown of thermosensitive compounds. The extraction yield data for L. owariensis P.Beauv reveal that leaves are a more suitable substrate for extracting methanol-soluble phytocompounds than stems, and that maceration is a more effective extraction technique than decoction for this species and solvent. These findings provide valuable insights for optimizing extraction protocols targeting plant matrices of interest.
Table 1. Extraction yields of leaves and stems of Landolphia owariensis P.Beauv using methanol
	Extract 
	Organ & Method
	Yield (%)

	DTM
	Stem – Methanolic decoction
	14.22 ± 0.068

	MTM
	Stem – Methanolic maceration
	15.77 ± 0.044

	DFM
	Leaf – Methanolic decoction
	16.18 ± 0.001

	MFM
	Leaf – Methanolic maceration
	17.68 ± 0.057


DTM: Methanolic decoction of stems

MTM: Methanolic maceration of stems

DFM: Methanolic decoction of leaves

MFM: Methanolic maceration of leaves
3.2. Qualitative phytochemical profile of crude methanol Extracts

The study of the phytochemical composition of plant extracts is a fundamental step in the search for natural active compounds with therapeutic, nutritional, or industrial potential. Phytochemical screening, both qualitative and quantitative, helps to identify and measure the major classes of specialized compounds (formerly referred to as secondary metabolites) responsible for the biological activities of plants. Table 2 presents the results of colorimetric tests used to identify the phytochemical families found in the leaves and stems of L. owariensis P.Beauv. These tests reveal apparent similarities and differences in the distribution of specialized metabolites between plant organs, depending on the extraction methods employed. The Trim-Hill specific test confirms the presence of iridoids in all extracts, as evidenced by the characteristic red coloration. This observation supports the quantitative results (Table 3), in which iridoids were measured at similar concentrations in both organs. Phenolic compounds were also detected using the FeCl₃ test (green-black coloration), confirming their presence in agreement with the high levels determined quantitatively—particularly in the stems (Table 3).
The specific tests (lead acetate, ammonia, Shinoda, HCl, and vanillin) revealed a notable presence of flavonoids in both the leaves and stems, with varied colorations: yellow-orange, orange (flavones), and red. The differing response to the ammonia test—yellow in leaves versus orange-red in stems—indicates distinct flavonoid subclasses between the plant organs, namely flavones in the leaves and flavonols in the stems (Markham, 1982). These qualitative findings support the high quantitative flavonoid contents, especially in the leaves (Table 3). The Stiasny and bromine water tests confirmed the presence of condensed or catechic tannins (red flakes), while the NaNO₃ test was negative, potentially excluding the presence of hydrolysable tannins. This observation aligns with the quantitative analyses (Table 3), which show higher concentrations of condensed tannins in the stems. For alkaloids, the results are mixed: the Bouchardat and Wagner tests (orange precipitates), along with Dragendorff and Mayer tests (turbid solutions), indicate the presence of alkaloids. However, the picric acid test yielded a negative result. Picric acid may form insoluble salts with certain basic alkaloids, enabling their detection through precipitation. Still, this method is less commonly used and less specific than the others. Therefore, a negative picric acid test does not necessarily mean the absence of alkaloids. It’s possible that the alkaloids present in the sample do not react with the reagent used, or their concentration is too low to produce a detectable colorimetric response. This suggests a limited alkaloid content, as measured in Table 3, or variable test sensitivity depending on the types of alkaloids present.

Table 2: Qualitative phytochemical screening results of crude methanol extracts

	Phytochemical Family
	Test
	Leaf (DFM ; MFM)
	Stem (DTM ; MTM)

	Iridoids
	HCl
	(+) Black precipitate
	(+) Black precipitate

	
	Trim-Hill
	(+) Red
	(+) Red

	Phenolic compounds
	FeCl₃
	(+) Green-black
	(+) Green-black

	Flavonoids
	Basic lead acetate
	(+) Yellow-orange
	(+) Yellow-orange

	
	25% Ammonia
	(+) Yellow
	(+) Orange-red

	
	Shinoda
	(+) Orange
	(+) Orange

	
	Concentrated HCl (37%)
	(+) Red
	(+) Red

	
	Vanillin
	(+) Strawberry red
	(+) Strawberry red

	Tannins
	Stiasny
	(+) Red flakes present
	(+) Red flakes present

	
	NaNO₃
	(−)
	(−)

	
	Bromine water
	(+) Precipitate
	(+) Precipitate

	Alkaloids
	Dragendorff
	(+) Turbid solution
	(+) Turbid solution

	
	Bouchardat
	(+) Orange precipitate
	(+) Orange precipitate

	
	Mayer
	(+) Turbid solution
	(+) Turbid solution

	
	Wagner
	(+) Orange precipitate
	(+) Orange precipitate

	
	Picric acid
	(−)
	(−)


(+) = positive test; (−) = negative test
DFM = methanol decoction of leaves
MFM = methanol maceration of leaves
DTM = methanol decoction of stems
MTM = methanol maceration of stems

3.3. Quantitative phytochemical profile of crude methanol extracts

The analysis results reveal distinct quantitative phytochemical profiles among the different extracts analyzed, with sometimes significant concentrations of compounds recognized for their biological properties. These observations corroborate scientific literature data that establish a link between the richness in specialized metabolites and the pharmacological activities of plants (Harborne, 1998; Sofowora, 1993). The observed quantitative variation could be explained by several intrinsic factors (plant age, organ used, variety) and extrinsic factors (pedoclimatic conditions, extraction method and solvent, harvest season). Table 3 presents the concentrations of bioactive compounds in the methanolic extracts of L. owariensis P.Beauv leaves and stems.

The concentrations of different phytochemical families were determined using specific calibration curves:
· Total phenols, expressed as gallic acid equivalents: y=19.369x+0.0045 (R2=0.9727)

· Flavonoids, expressed as quercetin equivalents : y=5.4217x−0.0457 (R2=0.9943)

· Condensed tannins, expressed as catechin equivalents: y=3.0898x+0.0112 (R2=0.9982)

· Iridoids, expressed as aucubin equivalents : y=3.0671x+0.0007 (R2=0.9982)

· Total alkaloids were quantified directly without a mentioned standard equivalent.

Each calibration equation allows for the estimation of concentration based on the measured absorbance, with correlation coefficients (R2) indicating excellent linearity in all cases. Total phenols are particularly abundant in stem extracts (DTM: 779.64±1.23; MTM: 972.39±2.63 mg GAE/g DW), compared to leaves (DFM: 376.05±3.44; MFM: 477.59±2.43 mg GAE/g DW). This observation suggests that L. owariensis P.Beauv stems could be a preferred source of phenolic compounds, known for their numerous therapeutic properties, particularly antioxidant and anti-inflammatory effects (Harborne, 1998). In contrast to total phenols, flavonoids are predominantly present in the leaves (DFM: 978.64±3.60; MFM: 874.53±3.38 mg QE/g DW), with concentrations nearly 2.5 times higher than in the stems. This differential accumulation could reflect a specific ecological role of flavonoids in leaves, such as protection against UV radiation or pathogens (Treutter, 2006). Condensed tannins, on the other hand, are more concentrated in the stems (DTM: 221.86±2.52; MTM: 188.16±1.52 mg ECT/g DW), which could explain their potential astringent or antimicrobial properties. Iridoids, compounds often associated with anti-inflammatory activities, are present at moderate but homogeneous concentrations between stems (DTM: 79.68±1.49; MTM: 70.42±3.84 mg AU/g DW) and leaves (DFM: 63.62±1.22; MFM: 68.84±0.53 mg AU/g DW). This similarity suggests a biosynthesis independent of the plant organ. Alkaloids, however, show low and comparable concentrations (16-17 mg/g DW), indicating limited production in L. owariensis P.Beauv or inefficient extraction with the solvents used. However, (Kouadio et al.,2020) reported that a plant species containing 1-2% alkaloids is considered rich in alkaloids.
Table 3: Quantitative phytochemical screening results of crude methanol extracts

	Crude Extracts
	Total Phenols (a)
	Total Flavonoids (b)
	Total Condensed Tannins (c)
	Total Iridoids (d)
	Total Alkaloids (e)



	DTM
	779.64 ± 1.23
	375.30 ± 2.33
	221.86 ± 2.52
	79.68 ± 1.49
	16.92 ± 0.93

	MTM
	972.39 ± 2.63
	392.72 ± 1.97
	188.16 ± 1.52
	70.42 ± 3.84
	17.18 ± 1.87

	DFM
	376.05 ± 3.44
	978.64 ± 3.60
	59.95 ± 0.49
	63.62 ± 1.22
	16.20 ± 2.81

	MFM
	477.59 ± 2.43
	874.53 ± 3.38
	61.01 ± 1.19
	68.84 ± 0.53
	16.90 ± 3.37


 (a): mg Gallic Acid Equivalent (GAE) per gram of dry matter (DM) (b): mg Quercetin Equivalent (QE) per gram of DM (c): mg Catechin Equivalent (CE) per gram of DM (d): mg Aucubin Unit (AU) per gram of DM (e): mg of alkaloids per gram of DM DTM: methanol decoction of stems MTM: methanol maceration of stems DFM: methanol decoction of leaves MFM: methanol maceration of leaves

3.4. In vitro antiradical and antioxidant profiles of crude methanol and selective ethyl Acetate Extracts

Oxidative stress, resulting from an imbalance between the production of reactive oxygen species (ROS) and antioxidant defense systems, is involved in numerous pathologies and cellular and food degradation processes. Among the commonly used methods to assess antiradical activity, the DPPH assay has become a simple and reproducible approach to measure the ability of compounds to scavenge free radicals. This test is based on the reduction of the purple-colored DPPH radical into its non-radical, colorless form through the action of antioxidant molecules. The FRAP assay evaluates the antioxidant power of a sample by its ability to reduce the ferric complex (Fe³⁺) into ferrous (Fe²⁺) in the presence of the TPTZ ligand (2,4,6-tripyridyl-s-triazine), forming a deep blue-colored complex measurable at 593 nm (Benzie & Strain, 1996; Pulido et al., 2000). Table 4 presents the results of the evaluations of antiradical and antioxidant activity of crude methanol extracts and selective ethyl acetate extracts from the leaves and stems of Landolphia owariensis P.Beauv, using DPPH and FRAP assays.
3.4.1. DPPH Assay
The following histograms highlight the antiradical profiles at different concentrations against DPPH for the crude methanol and selective ethyl acetate extracts analyzed.


Fig 1: Histograms showing the antiradical profiles at different concentrations against DPPH
DFM = methanol decoction of leaves; MFM = methanol maceration of leaves ; DTM = methanol decoction of stems ; MTM = methanol maceration of stems ; AcDTM= selective ethyl acetate of stems ; AcMTM= selective ethyl acetate maceration of stems ; AcDFM= selective ethyl acetate decoction of leaves ; AcMFM= selective ethyl acetate maceration of leaves

At 125 µg/mL: the crude DTM extract showed a significantly different reduction (p < 0.05) compared to the methanolic extracts DFM, MFM, MTM, and vitamin C. However, the percentage reductions for the DFM, MFM, and MTM extracts did not differ significantly from each other (p > 0.05).  At 62.5 µg/mL, the percentage reductions for all methanolic extracts were significantly different, except for MTM and DTM, which showed no significant difference (p = 0.996 > 0.05). At 31.25 µg/mL, all comparisons were significant, except for the crude extracts MTM and DTM2 (p = 0.074 > 0.05). At 15.6 µg/mL and 7.8 µg/mL, the percentage reductions of the methanolic extracts all showed significant differences            (p < 0.05). Finally, at 3.9 µg/mL, the DFM and MFM extracts showed a non-significant difference (p = 0.076 > 0.05).
At the concentration of 125 µg/mL, the comparison of the PR means did not reveal significant differences between the following ethyl acetate selective extracts: AcMFM and AcDFM, AcDFM and AcMTM, as well as AcDTM and AcDFM (p>0.05). However, significant differences were related between AcDFM and AcDTM (p=0.0159), as well as between vitamin C and AcDTM (p=0.0103), indicating a notable variation in the reducing activity according to the extracts compared. At 62.5 µg/mL, several PR comparisons reveal significant differences. The AcMTM extract is distinguished from AcMFM by a higher efficacy (p=0.0158). Similarly, AcMTM shows a significantly higher reduction than AcDFM (p=0.0096). Vitamin C shows a significantly higher activity than AcMFM (p=0.0068) as well as AcDFM (p=0.0038), confirming its role as a positive reference in this evaluation. At the concentration of 31.25 µg/mL, all comparisons of PR between extracts were statistically significant, except that between AcMTM and AcDTM which showed no significant difference (p=0.998>0.05). For concentrations between 15.62µg/mL and 19.5µg/mL, all comparisons indicated significant differences (p<0.05), highlighting a marked variability in the activity of the extracts at these levels.

At the concentration of 125 µg/mL, significant differences were observed between vitamin C, methanolic extracts and ethyl acetate extracts (p<0.05). The AcDTM extract particularly stood out by showing statistically significant differences with almost all other extracts tested, suggesting a notable reducing activity at this concentration.
The top graph shows the raw methanol extracts (DTM, MTM, DFM, MFM), while the bottom graph displays the selective ethyl acetate extracts (AcDTM, AcMTM, AcDFM, AcMFM). Ascorbic acid (vitamin C) was used as a positive control in both cases. A high percentage of inhibition indicates strong free radical-scavenging potential. The results are presented according to extract concentration, allowing evaluation of the dose-dependent relationship. For all extracts tested, as well as for vitamin C, the DPPH scavenging percentage generally increases with rising extract concentration-an expected trait of antioxidant-active substances. At the highest concentrations (125 µg/mL and 62.5 µg/mL), most extracts reach or approach their maximal % inhibition, often close to 100%, meaning they are very effective at neutralizing the DPPH radical at those levels. The dose-dependent relationship is clearly demonstrated for all extracts. The striking similarity in activity profiles between the methanol extracts and the ethyl acetate–selective extracts strongly suggests that the compounds primarily responsible for the DPPH scavenging behavior are of medium polarity.

A lower RC₅₀ value indicates higher antiradical effectiveness (Sánchez-Moreno et al., 1998; Tanoh et al., 2019; Etekpo, 2022), while in the FRAP assay, a higher value expressed in mM FeSO₄/g reflects a stronger reducing power and, therefore, greater antioxidant activity. Vitamin C is used as a positive reference in both tests. The evaluation of antiradical capacity via the DPPH assay revealed significant variations among the tested samples, reflecting their ability to neutralize free radicals. These differences may be attributed to several factors, including the nature of the bioactive compounds present (such as phenolic compounds, flavonoids, tannins, etc.), their concentration, and their chemical structure, which affects their reactivity with DPPH. The results are consistent with previous studies demonstrating that phenolic compounds, due to their ability to donate hydrogen atoms, exhibit strong radical-scavenging potential (Brand-Williams et al., 1995; Molyneux, 2004). By analyzing the RC₅₀ values, several observations can be made: the stem extracts (DTM: 11.741 µg/mL and MTM: 11.195 µg/mL) exhibit significantly lower CR₅₀ values than the leaf extracts (DFM: 29.724 µg/mL and MFM: 24.402 µg/mL). This indicates that the crude stem extracts possess a superior antiradical capacity compared to the leaf extracts. Among them, the methanol macerated stem extract (MTM) stands out as the most effective crude extract with a CR₅₀ of 11.195 µg/mL. The selective ethyl acetate extracts derived from stems (AcDTM: 11.377 µg/mL and AcMTM: 9.937 µg/mL) retain stronger activity than those derived from leaves (AcDFM: 17.826 µg/mL and AcMFM: 15.297 µg/mL). This confirms the predominance of antiradical compounds in the stem, even after fractionation. The selective ethyl acetate extract of the methanol macerated stems (AcMTM) emerges as the most effective of all tested extracts, with the lowest RC₅₀ value (9.937 µg/mL), making it an excellent free radical scavenger.

vitamin C shows the lowest RC₅₀ value in Table 4 (5.954 µg/mL). Although all the plant extracts are less potent than vitamin C, AcMTM comes closest, demonstrating a very strong antiradical potential.

3.4.2. FRAP Assay

The FRAP assay evaluates the ability of the extracts to reduce ferric iron (Fe³⁺) to ferrous iron (Fe²⁺), thereby reflecting their reducing power. Among the crude extracts, the methanol macerated stem extract (MTM) exhibits the highest reducing capacity (1505.727 mM FeSO₄/g), followed by the methanol decoction of stems (DTM: 1240.179 mM FeSO₄/g). Stem extracts are markedly more active than those from leaves (DFM: 880.901 mM FeSO₄/g and MFM: 1101.059 mM FeSO₄/g). These results support the findings of the DPPH assay in demonstrating the superiority of stem extracts. The selective ethyl acetate macerated stem extract (AcMTM) maintains the highest reducing capacity (1364.416 mM FeSO₄/g) among the ethyl acetate fractions. Generally, the selective ethyl acetate fractions from stems (AcDTM and AcMTM) display higher reducing power than those derived from leaves (AcDFM and AcMFM). However, the difference between the most active stem and leaf fractions is less pronounced than that observed in crude extracts. vitamin C shows a reducing power of 698.605 mM FeSO₄/g. Remarkably, all stem extracts (both crude and selective), as well as the methanol macerated leaf extract (MFM) and its ethyl acetate fraction (AcMFM), exhibit higher reducing capacity than vitamin C. This highlights the remarkable potential of specialized metabolites in Landolphia owariensis P.Beauv as powerful reducing agents. Furthermore, these observations align with previous studies demonstrating that phenolic compounds—including flavonoids, tannins, and ascorbic acids—contribute significantly to iron reduction (Benzie & Strain, 1996; Gong et al., 2016). Notable differences may be attributed to factors such as extraction method, compound purity, or molecular interactions. In summary, the data in Table 4 highlight the strong antioxidant activity and reducing capacity of stem extracts from Landolphia owariensis P.Beauv, particularly the methanol macerated extract (MTM) and its ethyl acetate fraction (AcMTM). These extracts generally surpass those from leaves and, in the FRAP assay, even outperform vitamin C. These findings suggest that the stems of Landolphia owariensis P.Beauv are a particularly promising source of phytobioactives with high antioxidant potential.
Table 4: Antiradical (DPPH) and Antioxidant (FRAP) capacities

	Extract Type
	DPPH Test 

 RC₅₀ (µg/mL) ± SD
	FRAP Test

 (mM FeSO₄/g) ± SD

	Crude Extracts
	
	

	Methanol Decoction of Stems (DTM)
	11.741 ± 0.009
	1240.179 ± 5.275

	Methanol Maceration of Stems (MTM)
	11.195 ± 0.014
	1505.727 ± 1.957

	Methanol Decoction of Leaves (DFM)
	29.724 ± 0.012
	880.901 ± 4.051

	Methanol Maceration of Leaves (MFM)
	24.402 ± 0.013
	1101.059 ± 4.971

	Selective Ethyl Acetate Extracts
	
	

	Decoction of Stems (AcDTM)
	11.377 ± 0.003
	1018.436 ± 5.033

	Maceration of Stems (AcMTM)
	9.937 ± 0.008
	1364.416 ± 9.271

	Decoction of Leaves (AcDFM)
	17.826 ± 0.004
	920.824 ± 6.414

	Maceration of Leaves (AcMFM)
	15.297 ± 0.022
	943.510 ± 6.246

	Vitamin C (Positive Control)
	5.954 ± 0.003
	698.605 ± 5.884


4. CONCLUSION
This study focused on the phytochemical screening, quantification of secondary metabolites, evaluation of antioxidant potential, and isolation of phytoconstituents from leaf and stem extracts of Landolphia owariensis P.Beauv. Qualitative analyses revealed the presence of Phenolic compounds, tannins, alkaloids, iridoids, and flavonoids in both plant organs. Quantitative analysis highlighted higher concentrations of total phenols, condensed tannins, and iridoids in the crude stem extracts, whereas the leaves were found to be richer in flavonoids. Alkaloids were detected in both organs, with relatively similar contents. Antioxidant activity tests showed that extracts obtained from methanolic macerations (MTM, MFM) and their ethyl acetate fractions (AcMTM, AcMFM) exhibited significant antioxidant capacity. Stem extracts stood out with higher activity compared to leaf extracts. Notably, in the FRAP test, some extracts demonstrated antioxidant capacity surpassing that of vitamin C, suggesting a remarkable phytotherapeutic potential of L. owariensis P.Beauv. The promising results obtained in this study open up several avenues for further research. Additional investigations are planned to purify and structurally characterize the phytocompounds responsible for the observed antioxidant activity. A deeper exploration of the mechanisms of action of these molecules, as well as their therapeutic potential particularly in the treatment or prevention of diseases associated with oxidative stress would be highly relevant. Looking ahead, it is crucial to conduct in vitro and in vivo trials. These studies will scientifically confirm their biological efficacy and safety. Finally, an assessment of the synergy between the different compounds will provide a better understanding of the overall effect of Landolphia owariensis P.Beauv. extracts and promote their use in pharmaceutical, nutraceutical, and cosmetic applications.
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