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Phytochemical characterization, antioxidant potential, and anthelmintic activity of Desmodium triflorum (L.) DC. (Fabaceae) from Côte d'Ivoire 
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ABSTRACT 

	Aims: This study aims the pharmacological potential of Desmodium triflorum (Fabaceae), a medicinal plant from Côte d'Ivoire.
Methodology: For this purpose, aqueous and selective (organic) extracts of the whole plant were subjected to phytochemical screening using detection (color reaction and precipitation) tests and thin-layer chromatography (TLC), antioxidant evaluation via DPPH (free radical scavenging) and FRAP (ferric reducing antioxidant power) assays (compared to quercetin), and anthelmintic testing on earthworms (Lumbricus terrestris) with albendazole as the reference standard.
Results: The selective extracts revealed a richness in secondary metabolites (phenols, flavonoids, coumarins, tannins, terpenoids, saponins, anthocyanins, sterols, and polyterpenes). A dose-dependent antioxidant potential was observed (DPPH EIs and FRAP reducing power), though lower than that of quercetin. The anthelmintic activity against earthworms was notable but less pronounced compared to albendazole.
Conclusion: D. triflorum exhibits a diversified phytochemical profile and promising bioactivity, justifying further studies on its mechanisms of action and potential applications in animal or human health.
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1. INTRODUCTION

Helminthiasis, intestinal parasitic diseases caused by parasitic worms, is a major public health issue. Their management relies on medical treatments or traditional remedies [1,2]. According to epidemiological projections [3], chemoprevention coverage is expected to expand in the coming years. However, access to anthelmintic medications remains limited for certain populations, while their intensive use promotes the emergence of resistance to the main therapeutic classes [4,5]. In the face of these challenges, the search for plant-derived active principles that are both non-toxic and effective represents a promising alternative for controlling these parasitic infections. It is in this context that our study on Desmodium triflorum L. (Fabaceae) is situated, a plant used in traditional medicine against helminthic infestations. This work aims to characterize the phytochemical, antioxidant, and anthelminthic profiles of D. triflorum extracts.


2. material and methods

2.1 Plant Material

The material studied includes the whole plant (leaves, stems, and roots) of Desmodium triflorum L., harvested in June 2019 on the campus of Nangui ABROGOUA University (5°23′21″N, 4°01′09″W, Abidjan, Côte d'Ivoire). Botanical authentication was carried out at the National Center for Floristics (CNF) in Abidjan, referencing a herbarium voucher specimen. After harvesting, the plant was washed with running water to remove impurities and then dried for 10 days in a climatic chamber maintained at 16 °C. The dried parts were ground using a grinding machine (MOULINEX, LM 2201) to obtain a homogeneous powder. This powder was stored in airtight glass jars, protected from light and moisture, for subsequent extraction steps.  

2.2 Methods

2.2.1 Preparation of extracts  

Microwave extraction: Five grams (5 g) of plant powder were mixed with 50 ml of distilled water and subjected to microwave-assisted extraction (NASCO microwave oven, MM720CQM-S), set to low temperature. The mixture was brought to a boil for 3 minutes, followed by a cooling phase at room temperature. The solution was then vacuum filtered using a Büchner funnel (with Whatman No. 1 filter paper), and the filtrate obtained was concentrated by rotary evaporation (BUCHI R-114 rotavapor with B-480 Waterbath, T = 40–45 °C, P = 200–300 mbar). The extract was finally dried in an oven at 45 °C until a dry residue, designated as D, was obtained.									
Aqueous maceration: Five grams (5 g) of plant powder were macerated in 50 ml of distilled water for 2 hours. The solution was then vacuum filtered using a Büchner funnel (with Whatman No. 1 filter paper), and the filtrate obtained was concentrated by rotary evaporation (rotary evaporator (BUCHI R-114 rotavapor with B-480 Waterbath, T = 40–45 °C, P = 200–300 mbar). The extract was finally dried in an oven at 45 °C until a dry residue, designated as M, was obtained. The extraction yield was calculated using the following formula:
Extraction yield (%) = () × 100




Selective extracts: Selective extraction is a method of separating and purifying chemical compounds in a mixture, allowing the isolation of fractions based on their polarity. In this case, a quantity of crude extracts (from two sources, D and M) was dissolved in 10 ml of distilled water. This solution was then subjected to a series of extractions using solvents of increasing polarity: normal hexane (C6H14) was first used to extract the least polar compounds. Three extractions of 5 mL each were performed, resulting in the hexane fractions D1 and M1. Next, chloroform (CHCl3) was used to extract compounds with intermediate polarity, yielding the chloroform fractions D2 and M2. Ethyl acetate (AcOEt) was then employed to extract the more polar compounds, producing fractions D3 and M3. Finally, normal butanol (n-BuOH) was used to extract the most polar compounds, resulting in fractions D4 and M4.  

2.2.2 Qualitative tests

2.2.2.1 Phytochemical screening by detection (color reaction and precipitation) tests 

Phytochemical screening to identify the phytocompound families present in D. triflorum crude extracts was firstly carried out on crude extracts using either precipitation and color reaction tests [6-10].

2.2.2.2 Phytochemical screening by TLC

The identification of bioactive compounds was also performed using Thin-Layer Chromatography (TLC) following protocols described in the literature [7, 11]. For hexane extracts, a solvent system of hexane/ethyl acetate (4:1.5; v/v) was used, while CHCl₃ extracts migrated in a mixture of CHCl₃/ethyl acetate/hexane (2:3:1; v/v/v). Ethyl acetate and n-butanol (n-BuOH) extracts were respectively developed with mobile phases composed of n-BuOH/CHCl₃/acetic acid (4:3:0.3; v/v/v) and n-BuOH/CHCl₃/acetic acid (7:5:1.5; v/v/v). The TLC plates were visualized by spraying specific reagents: Liebermann-Burchard reagent (sterols, terpenoids), 5% KOH solution (coumarins), ammonia (coumarins, anthocyanins), 1% AlCl₃ (flavonoids), 2% FeCl₃ (polyphenols, tannins), sulfuric vanillin reagent (terpenoids, phenols), and Dragendorff reagent (alkaloids). Observations were made under UV light (254 and 365 nm) and visible light, using analytical standards as references.

2.2.3 Quantitative tests

2.2.3.1 Determination of total phenol (TP) contents 

Total phenols were quantified by spectrophotometry using the Folin-Ciocalteu colorimetric method. For each crude extract, 0.005 g was dissolved in 10 ml of distilled water to prepare a stock solution, which was then diluted at a ratio of 1/10. From this diluted solution, 1 ml was mixed with 0.5 ml of Folin-Ciocalteu reagent (0.5 N) and 1.5 ml of sodium carbonate (Na2CO3) at 17% (w/v). The mixture was incubated in darkness for 30 minutes. Absorbance was measured at 760 nm, using distilled water as a blank. A calibration curve was established using gallic acid and quercetin at different concentrations. Results were expressed in micrograms per gram of extract as gallic acid equivalent (µg GAE/g) and quercetin equivalent (µg QE/g) [12, 13].

2.2.3.2 Determination of total flavonoid (TF) contents 

To determine the concentration of total flavonoids, 0.005 g of each crude extract is dissolved in 10 ml of distilled water to prepare a stock solution, which is then diluted at a 1/10 ratio. To 2 ml of this diluted solution, 100 μl of Neu reagent is added. Absorbance is measured at 404 nm and compared to that of quercetol (standard at 0.05 mg/ml) treated with the same amount of reagent. The percentage of total flavonoids is then calculated as quercetol and gallic acid equivalents [14].
2.2.3.3 Determination of hydrolyzable tannins (HT) and condensed tannins (CT) contents

Hydrolyzable tannins: The method used is based on the reaction between tannins and ferric chloride (FeCl3), which results in the formation of a red-violet colored complex [15]. For this analysis, 0.005 g of each crude extract is dissolved in 10 ml of 80% ethanol. Then, 1 ml of this solution is taken, and 3.5 ml of an FeCl3 solution (0.01 M in 0.001 M HCl) is added. Absorbance is then measured at 660 nm using a UV spectrophotometer.
Condensed tannins: The quantification of condensed tannins (or catechins) is performed using the method described by Broadhurst & Jones [16] as well as Heilmer et al. [17]. To 400 µl of each crude extract (300 mg/ml), 3 ml of vanillin solution (4% in methanol) and 1.5 ml of concentrated HCl are added. The mixture is incubated for 15 minutes, and absorbance is measured at 500 nm. The concentrations of condensed tannins are determined from calibration curves established with catechin (0-500 µg/ml) and are expressed in micrograms of catechin equivalent per milligram (µg CE/mg).

2.2.4 Evaluation of antioxidant potential of crude extracts 

2.2.4.1 DPPH test

The method applied to assess the antioxidant activity of D. triflorum crude extracts underwent some modifications in terms of concentrations. Nine solutions of varied concentrations (3; 2; 1.5; 1; 0.75; 0.67; 0.5; 0.375; 0.25 mg/ml) of crude extracts (D and M) and quercetin (used as antioxidant reference) were prepared in ethanol. A solution of DPPH● in ethanol was also prepared at a concentration of 0.03 mg/ml. For the test, the reaction mixture consisted of 1 ml of extract and 2.5 ml of DPPH solution, placed in the spectrophotometer cell. The absorbance of the mixture was measured at 517 nm using a UV-visible spectrophotometer every 30 seconds over a period of 1800 seconds, with a blank prepared under the same conditions as the extract but without DPPH [18, 19].

2.2.4.2 FRAP (Ferric Reducing Antioxidant Power) test

The reducing capacity of the crude extracts was assessed using the FRAP method, which is based on the reduction of Fe³⁺ cation to Fe²⁺ by antioxidant compounds. The TPTZ-Fe³⁺ complex added to the sample is reduced to TPTZ-Fe²⁺, which displays a blue color, and its absorbance is measured at 593 nm. Trolox is used as a positive control, and its absorbance is measured under the same conditions as the samples. The FRAP reagent used for the analysis is a mixture of three solutions: sodium acetate buffer (300 mM, pH 3.6), TPTZ solution (10 mM prepared in a 40 mM HCl solution), and FeCl₃ solution (20 mM), in a volumetric ratio of 10:1:1. This reagent, freshly prepared, is heated to 37°C in a water bath. Then, 100 µl of Trolox (at concentrations of 0.187 mM; 0.375 mM; 0.75 mM; and 1.5 mM) and samples at various concentrations (from 0.3125 to 5 mg/ml) are added to 3 ml of FRAP reagent. The absorbance of the complex (TPTZ-Fe³⁺) is then measured at 593 nm after 4 minutes. A standard curve is established from calibration with Trolox, and results are expressed in mM Trolox equivalents [20, 21].

2.2.5 Evaluation of anthelmintic activity

The anthelmintic activity of crude extracts was evaluated on Lumbricus terrestris (earthworms), used as a biological model, collected on the campus of Nangui ABROGOUA University (Abidjan, Côte d’Ivoire). The experimental protocol, adapted from Guissou et al. [22], involved three groups:
· Control group (n = 6 worms) treated with 10 ml of distilled water.
· Treated group: exposed to three concentrations of extracts (100, 20, and 15 mg/ml), with 6 worms per concentration.
· Reference group (n = 6 worms) treated with albendazole (reference drug [23]) at concentrations of 20 and 15 mg/ml.
The earthworms were placed in Petri dishes containing 10 ml of test solution, maintained at 25 ± 1 °C. Mortality was monitored every 2 hours for 24 hours. The lethal time 100% (the time required to induce total worm mortality) was determined for each condition.


3. results and discussion

3.1 Extraction yields

The extraction yields of 5 g of plant powder obtained were 12.4% for maceration and 7.6% for microwave extraction. The extraction yield of phytocompounds depends on several parameters: solvent(s), pH, temperature, extraction time and the nature and composition of the sample [24]. Water soluble substances are present in good proportions when cold (maceration). This is thought to be one of the reasons for the increase in yield associated with the water extraction method [7]. Extraction time also has an effect, being shorter for microwave extraction (3 min) than for maceration (2 h). Water increases the permeability of plant tissues and favours mass diffusion during the extraction phase [25].

3.2 Qualitative phytochemical profile

3.2.1 Phytochemical profile using detection tests

Based on the identification of phytoconstituents using appropriate reagents, the detection tests were able to identify a number of phytocompound families by the appearance of specific colours visible to the naked eye. The results of the detection tests are summarised below (Table 1). Six families of metabolites were detected in D. triflorum crude extracts: polyphenols, flavonoids, coumarins, tannins, proteins and oligosaccharides. Sterols and polyterpenes are present in the macerate and absent in the decoction. This may be due to the heat sensitivity of sterols and polyterpenes. Saponins are present in the decoction (Fi = 200), as a sample contains saponins when Fi is greater than or equal to 100. Saponosides have haemolytic, antimicrobial and anti-inflammatory activities and are known for their cytotoxic properties [26].
The presence of all these phytocompounds in D. triflorum extracts would justify the pharmacological properties attributed to it in non-conventional medicine. Indeed, according to the work of Bhosle [27], the anticonvulsant activity of the species could be attributed to the presence of alkaloids, steroids, flavonoids, tannins and saponins in the aqueous extract. Studies have also shown that alkaloids and flavonoids possess numerous biological properties, including analgesic and anti-inflammatory activities [28] atributed to the species. However, we note the absence of quinones, alkaloids and cardiotonic glycosides. These results are in agreement with previous work carried out on the aqueous extract of D. triflorum (Taiwan) which also showed the presence of polyphenols, flavonoids, sterols, triterpenes, reducing sugars, alkaloids, proteins, steroids, phytosterols, saponins and tannins [29 ; 27]. These identified phytoconstituents have a variety of biological properties, which may explain the use of D. triflorum in non-conventional medicine for the treatment of various pathologies [30].




Table 1. Phytochemical composition of D. triflorum crude extracts by detection tests
	Phytoconstituents / Tests
	Decoction (D)
	Macerate (M)

	Phenolic compounds
	FeCl3
	+
	+

	Flavonoids
	Shinoda (Mg) / HCl
	+
	+

	
	Pew (Zn)
	+
	+

	
	NH4OH 
	+
	+

	
	Vanillin
	+
	+

	Coumarins
	 HCl
	+
	+

	Tannins
	Stiasny
	+
	+

	Quinones
	Borntraëger
	-
	-

	Alkaloids
	Bürchardat
	-
	-

	
	Dragendorff
	-
	-

	
	Wagner
	-
	-

	
	Picric acid
	-
	-

	Sterols & polyterpenes
	H2SO4
	-
	+

	Saponosides
	Fi
	+ ( 200)

	Cardiotonic glycosides
	Liebermann-Burchard
	-
	-

	Proteins
	Biuret
	+
	+

	Oligosaccharides (oses, diholosides)
	Molish
	+
	+

	
	Seliwanoff (ketoses)
	-
	-


(+): positive ; (-): negative ; Fi: Foam index

3.2.2 Phytochemical composition by TLC

The results obtained through TLC (Table 2) highlight an in-depth analysis of the chemical composition of the studied extracts. They reveal several key points:
· Diversity of phytocompounds: the identification of sterols, terpenes, lupane-type triterpenes, coumarins, flavonoids, tannins, and anthocyanins reflects significant phytochemical richness. These compounds often play various biological roles, ranging from antioxidant activity to medicinal effects [31, 32].
· Absence of detected alkaloids: although the use of Dragendorff’s reagent allowed the visualization of orange molecular fingerprints characteristic of alkaloids, none were detected in the analyzed extracts [33]. This contrasts with previous studies conducted on a Taiwanese species, where alkaloids were identified in methanolic and n-butanolic extracts that also contained flavonoids [34]. This absence could be attributed to the specific pedoclimatic conditions of Côte d'Ivoire, which influence the biosynthesis of secondary metabolites.
· Hypothesis of a potential presence: Chemical research indicating the presence of indole-3-alkylamine-type alkaloids in other parts of the plant (leaves and roots) suggests that their absence in these extracts might be linked to the methodologies or plant parts selected for the analysis [35]. A targeted extraction would therefore be essential to confirm their potential presence.
These results highlight the importance of environmental and methodological factors in the expression of secondary metabolites. They also underline the need for more focused exploration to better understand the specific chemistry of this species in Côte d'Ivoire. This could pave the way for broader comparative studies and potential pharmacological applications.


[bookmark: _Toc27486112]Table 2. Phytochemical composition of D. triflorum selective extracts by TLC
	Selective extracts
	Secondary metabolites identified : [Rf], color

	C6H14
	D1
	Sterolse : [0.14] Ge ; [0.20] Ge ; [0.26] Ge ; [0.38] Ge ; [0.45] Ge ; [0.64] Ge ; [0.70] Ge ; [0.75] Ge ; [0.85] Ge
Terpenesf : [0.93] Pf; 
Triterpènes lupanee : [0.58] Oe ; [0.93] Oe; 
NI : [0.15] Gre ; [0.30] Be ; [0.51] Be

	
	M1
	Sterolse : [0.06] Ge ; [0.23] Ge ; [0.28] Ge ; [0.45] Ge ; [0.51] Ge ; [0.65] Ge ; [0.70] Ge ; [0.75] Ge ;
Terpenesf : [0.75] Pf ; [0.93] Pf; 
Triterpènes lupanee : [0.59] Oe ; [0.93] Oe; 
NI : [0.33] Be ; [0.40] Be ; [0.85] Be ;

	CHCl3
	D2
	Coumarinsa : [0.12] Ba ; [0.16] Ba ; [0.21] Ba ; [0.29] Ba ; [0.37] Ba ; [0.47] Bfla ; [0.57] Bfla ; [0.82] Bfla ; [0.93] Ba
Flavonoidsb : [0.12] Pb ; [0.16] Gb ; [0.21] Gb ; [0.29] Gb ; [0.37] Gb ; [0.47] Gb ; [0.50] Gb ; [0.57] Gb ; [0.62] Gb ; [0.67] Gb ; [0.78] Gb ; 
Taninsc : [0.69] Grc

	
	M2
	Coumarinsa : [0.12] Ba ; [0.18] Ba ; [0.25] Ba ; [0.30] Ba ; [0.39] Ba ; [0.47] Bfla ; [0.57] Bfla ; [0.59] Ba ; [0.67] Ba ; [0.88] Ba ; 
Flavonoidsb : [0.12] Gb ; [0.18] Gb ; [0.25] Gb ; [0.30] Rb ; [0.39] Gb ; [0.47] Gb ; [0.49] Gb ; [0.57] Bflb ; [0.67] Gb ; 
NI : [0.92] Ra-Rb

	AcOEt
	D3
	Coumarinsag : [0.16] Bra ; [0.20] Brg ; [0.26] Bra ; [0.33] Brg ; [0.36] Bra ; [0.49] Bra ; [0.61] Brg ; [0.64] Ba ; [0.75] Brg ; [0.81] Va ; [0.91] Bfla ; [0.98] Yg
Flavonoidsb : [0.18] Yb ; [0.34] Yb ; [0.45] Yb ; [0.64] Bflb ; [0.76] Pb
Tanninsc : [0.21] Grc ; [0.31] Grc ; [0.44] Grc ;
Anthocyaninsg : [0.69] Pg ; [0.86] Gg ; [0,94] Bflg

	
	M3
	Coumarinsag : [0.16] Ya ; [0.26] Bra ; [0.33] Brg ; [0.35] Bra ; [0.49] Bra ; [0.59] Brg ; [0.68] Brg ; [0.71] Brg ; [0.86] Brg ; [0.98] Yg
Flavonoidsb : [0.18] Yb ; [0.28] Yb ; [0.33] Yc ; [0.34] Yc ; [0.45] Yc ; [0.63] Yc ; [0.78] Pc
Tanninsc : [0.14] Grc ; [0.22] Grc

	n-BuOH
	D4
	Coumarinsag : [0.28] Bra ; [0.31] Brg ; [0.39] Bra ; [0.43] Brg ; [0.59] Bra ; [0.61] Brg ; [0.88] Ga
Flavonoidsc : [0.28] Yc ; [0.39] Yc ; [0.59] Yc

	
	M4
	Coumarinsag : [0.28] Bra ; [0.31] Brg ; [0.39] Bra ; [0.44] Brg ; [0.59] Bra ; [0.63] Brg ; [0.65] Bra ; [0.71] Brg
Flavonoidsc : [0.28] Yc ; [0.39] Yc ; [0.59] Yc ; [0.65] Yc ; [0.89] Gc


a : KOH ; b : AlCl3 : c : FeCl3 ; e : Liebermann-Bürchard ; f :  sulfuric vanillin ; g : ammoniac ; O : orange, B : blue, Y : yellow, Bfl : fluorescent blue, Br : brown, P : purple, G : green, R : red, Gr : gray




3.3 Quantitative phytochemical profile

3.3.1 TP and TF contents

The concentrations of total phenols in the crude extracts were quantified using calibration equations established with gallic acid standards (y = 0.0196x - 0.0149; R² = 0.999) and quercetin standards (y = 0.0072x + 0.0037; R² = 0.9997). The results are expressed as micrograms equivalent of gallic acid (μg GAE/g) and quercetin per gram of extract (μg QE/g) (Figures 1). The concentrations of total phenols (gallic acid and quercetin) vary, being higher in the decoction (37214.29 µg GAE/g sample and 85805.56 µg QE/g sample) compared to those obtained using the maceration method. These values are consistent with those reported for a species in Taiwan, where the crude methanolic extract showed 36600 µg catechin E/g sample and the aqueous extract 22800 µg catechin E/g sample [34]. Furthermore, microwave extraction resulted in a slight increase in total phenol content compared to the maceration technique, a finding also corroborated by previous studies on olive leaves, which revealed higher total phenol concentrations when extraction was microwave-assisted [36]. Overall, your results suggest that the extraction method plays a decisive role in the chemical composition of the extracts. This opens avenues for optimizing extraction techniques based on research objectives or industrial applications.

 

Figures 1: Total phenol and total flavonoids contents

3.3.2 HT and CT contents

The obtained data, presented in the form of histograms (Figure 2), show that both HT (hydrolyzable tannins) and CT (condensed tannins) are effectively extracted by both methods. The values for HT and CT do not show differences, indicating a comparable efficiency of the maceration and decoction methods. However, the levels of CT are consistently higher than those of HT, suggesting a predominance of condensed tannins in the crude extracts of D. triflorum. The increased presence of CT compared to HT may be related to the chemical structure and solubility of the tannins in the solvents used. These results are consistent with previous observations from phytochemical screenings that confirmed the richness in tannins of this species. The absence of differences between the extraction methods highlights the effectiveness of these techniques in extracting bioactive compounds. The results of this study underscore the richness in tannins of D. triflorum, with a predominance of condensed tannins. These compounds may contribute to the pharmacological properties of the plant, and their effective extraction by the methods used could be leveraged in therapeutic applications. Further studies on the biochemical and pharmacological activity of D. triflorum crude extracts are recommended to better understand the potential of this plant.

Figure 2: Hydrolyzable and condensed tannins contents


3.4 Antioxidant profile

3.4.1 DPPH antioxidant potential

The assessment of antioxidant activity using the DPPH radical method revealed significant variations in the percentage of reduction (PR) of D. triflorum crude extracts, depending on concentration and incubation time. The results obtained, with PR values of 83.36% for the macerate and 82.09% for the decoction at a concentration of 3 mg/ml after 1800 seconds, indicate a notable antioxidant potential of these extracts. It is important to note that, although D. triflorum crude extracts show valid antioxidant activity, their PR remains lower than that of quercetin, a flavonoid well-known for its antioxidant properties (85.42% at 0.1 mg/ml). This may indicate that, while D. triflorum crude extracts contains antioxidant compounds, their effectiveness is lesser compared to a recognized standard like quercetin. This raises the possibility that the active compounds in D. triflorum may require higher concentrations or specific synergies to achieve comparable levels of effectiveness. The slight decrease in PR observed in the decoction compared to the macerate may be attributed to the degradation or loss of thermosensitive phytocompounds during the boiling process. This underscores the importance of the extraction method in preserving the bioactive properties of plants. Macerations, which involve infusing plants in a solvent at room temperature, may better preserve certain thermosensitive compounds, while decoctions may extract other compounds, but at the potential cost of degradation. The efficiency index (EI) is a relevant indicator for assessing antioxidant activity. In this case, the results show that the EIs of D. triflorum crude extracts are higher than those of quercetin, which could indicate a relatively stronger effectiveness of D. triflorum crude extracts in relation to their concentration. However, the observed trend, with lower EIs for the macerate compared to the decoction, raises questions about the mechanisms of action of the compounds present in these extracts. This could also suggest that different mechanisms of action or types of antioxidant compounds are involved in the two extraction methods. Thus, the results highlight the antioxidant potential of the aqueous raw extracts of D. triflorum while emphasizing the importance of the extraction method on the preservation and efficacy of bioactive compounds.

 



Figure 3: Evolution of the percentages of reduction as a function of time and of the efficacy indices for crude extracts of D. triflorum and quercetin
3.4.2 FRAP antioxidant potential

The results obtained from the antioxidant activity measured by the FRAP test (Figure 4) indicate that the decoction has a higher reducing capacity than the macerate. In contrast, data from the DPPH test reveal that the macerate exhibits a greater antioxidant efficiency than the decoction. This divergence can be attributed to the different reduction mechanisms involved in these tests. Indeed, the DPPH test relies on a hydrogen transfer mechanism, while the FRAP test is based on an electron transfer mechanism [36]. It is interesting to note that the results from the FRAP and DPPH tests may sometimes seem contradictory, but they highlight the complexity of the antioxidant compounds present in plant extracts. In the case of the FRAP test, which evaluates the total reducing capacity of the samples, the decoction, through its extraction methods, may have released compounds with a high capacity to donate electrons, which explains its superior performance in this test. On the other hand, the DPPH test specifically measures the capacity of antioxidants to donate hydrogens to neutralize the DPPH free radical. The macerate, likely containing compounds that act more effectively as hydrogen donors, thus shows better efficiency in this test. These results underscore the importance of choosing the appropriate test for evaluating antioxidant capacities based on the action mechanisms of the present compounds. This also means that a combined approach using multiple tests could provide a more comprehensive assessment of the antioxidant activity of plant extracts.


Figure 4: FRAP antioxidant profile for crude extracts of D. triflorum

3.5 Anthelmintic activity

The studied crude extracts exhibit anthelmintic activity, although this is less pronounced than that of albendazole (Figure 5). Indeed, albendazole caused death of all 6 earthworms after 14 minutes at 15 mg/ml and 8 minutes at 20 mg/ml. For the lowest concentration of 15 mg/ml (M15 and D15), the time required to induce lethality is prolonged, reaching 600 minutes for the macerated extracts and 960 minutes for the decocted ones. These results are consistent with data reported in previous studies [37, 23]. Research has shown that flavonoids and tannins play a significant role in anthelmintic activity. Therefore, the anthelmintic effect observed in the crude extracts of D. triflorum may be attributed to the presence of flavonoids and/or condensed tannins. In fact, insect larvae and nematodes can ingest condensed tannins, which bind to the intestinal mucosa and lead to autolysis of the developing larvae. Additionally, these tannins can attach to the cuticle of the larvae, which is rich in glycoproteins, thereby causing their death [38].


Figure 5: Anthelmintic activity of D. triflorum crude extracts compared with albendazole

4. Conclusion

This study highlights the phytochemical, antioxidant, and anthelmintic properties of D. triflorum, a plant from the Fabaceae family, native to Côte d'Ivoire. The results of this preliminary study, based on extracts obtained through maceration and microwave-assisted extraction, reveal the presence of various beneficial phytocompounds. The analyses conducted, including in vitro tests and thin-layer chromatography (TLC), identified different groups of active compounds in the extracts. Hexane extracts are notable for their richness in sterols and polyterpenes, while chloroformic and n-butanolic extracts are particularly rich in coumarins and flavonoids. Ethyl acetate extracts also contain coumarins, flavonoids, and tannins. The antioxidant properties of the extracts were assessed using the DPPH and FRAP methods, showing significant activity. Regarding anthelmintic activity, while the extracts demonstrated effectiveness, this was inferior to that of albendazole, a reference drug. Interestingly, the anthelmintic activity of D. triflorum decoction is more pronounced than that of the macerate. D. triflorum could be considered a traditional source of natural antioxidants and vermifuges, offering potential for medicinal and therapeutic applications in Côte d'Ivoire. This work paves the way for further research into the phytotherapeutic applications of this species.
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PR (%)




Quercetin

0.1 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	46.010186757215621	84.554140127388536	85.917721518987349	85.895404120443743	85.939968404423382	85.895404120443743	86.075949367088612	86.075949367088612	85.917721518987349	85.917721518987349	85.895404120443743	85.895404120443743	85.895404120443743	85.895404120443743	85.736925515055475	85.736925515055475	85.736925515055475	85.736925515055475	85.736925515055475	85.736925515055475	85.578446909667193	85.578446909667193	85.578446909667193	85.578446909667193	85.578446909667193	85.578446909667193	84.786053882725838	85.419968304278925	85.419968304278925	84.786053882725838	85.419968304278925	0.05 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	41.426146010186763	80.095541401273891	84.01898734177216	84.469096671949288	84.676145339652436	84.627575277337556	84.651898734177209	84.651898734177209	84.810126582278471	84.810126582278471	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	84.786053882725838	0.025 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	32.767402376910013	73.248407643312106	81.012658227848107	82.408874801901746	82.62243285939968	82.567353407290028	82.75316455696202	82.75316455696202	82.75316455696202	82.75316455696202	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	82.725832012678296	0.0125 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	26.655348047538197	63.694267515923563	76.740506329113927	80.348652931854204	81.358609794628762	81.616481774960377	81.64556962025317	81.803797468354432	81.803797468354432	81.803797468354432	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	81.774960380348645	0.00625 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	27.164685908319186	59.235668789808912	72.943037974683548	77.971473851030112	80.094786729857816	80.66561014263074	80.85443037974683	81.012658227848107	81.012658227848107	81.012658227848107	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	80.982567353407291	0.00078 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	11.714770797962636	48.089171974522294	62.5	71.473851030110936	75.671406003159561	77.654516640253561	78.639240506329116	79.27215189873418	79.27215189873418	79.430379746835442	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	79.397781299524567	0.00039 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	10.526315789473673	42.99363057324841	63.924050632911388	71.949286846275754	76.619273301737749	78.288431061806648	78.955696202531641	79.27215189873418	79.27215189873418	79.430379746835442	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	79.556259904912835	0.000078 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	-4.9235993208828654	8.5987261146496898	17.879746835443033	27.258320126782888	31.753554502369674	34.865293185419979	37.341772151898731	39.24050632911392	40.664556962025323	41.61392405063291	42.472266244057053	43.264659270998415	43.898573692551516	44.532488114104595	45.007923930269421	45.483359746434239	45.958795562599043	46.434231378763869	46.751188589540405	47.068145800316955	47.543581616481781	47.860538827258317	48.019017432646592	48.335974643423143	48.652931854199679	48.811410459587954	49.128367670364504	49.286846275752772	49.603803486529316	49.762282091917584	49.920760697305866	0.000026 mg/ml	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	-0.84889643463497144	17.67515923566879	27.37341772151899	36.767036450079239	44.075829383886258	49.286846275752772	53.797468354430379	56.803797468354425	59.335443037974692	61.392405063291136	63.074484944532493	64.500792393026941	65.927099841521397	66.877971473851034	67.82884310618067	68.462757527733757	69.255150554675112	70.047543581616495	70.522979397781299	70.998415213946117	71.632329635499218	71.949286846275754	72.424722662440573	72.900158478605377	73.217115689381941	73.534072900158478	73.851030110935028	74.167987321711564	74.4849445324881	74.801901743264665	74.960380348652933	#REF!	0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	1	Time (s)


PR (%)




Decoction (D)	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	90.756270489052	79.129859743723671	70.724215123676331	67.248967330278674	63.561317939846667	60.102673678119331	57.444383481148002	54.285109412389666	52.753214966284666	51.123259355609669	49.657018896009333	48.393400598337671	47.236412375569337	46.25626571826934	45.261901021854001	44.559400838902334	43.817481188828665	43.153131389691666	42.421435112864337	41.927212656094675	41.218531677158339	40.753919080455006	40.246545749985671	39.832740161830998	39.389895821964672	39.023268839793332	38.716577318426665	38.358861704930668	38.106459664039669	Macerate (M)	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	68.819193299044002	57.738548547421999	50.808757037034006	46.966800484586336	43.850914231984667	41.007389264878668	39.660601996205671	38.846489064633005	37.19473240316433	36.627560092473672	35.302925464908334	34.320624823256004	33.473345987856	32.812687143146839	32.028692361597564	31.457805530090635	30.982433881711401	30.495669092481766	30.168073497389301	29.735391146632299	29.706421292838435	29.662579340928602	30.910019897181368	30.992564177511067	30.686188688120303	30.96262348472067	30.672447735561434	30.477123589082169	30.382625287543469	Quercetin	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.14515741174184699	5.0791971836110339E-2	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	3.8159678697544668E-3	Time (s)


EI




Decoction (D)	
0.3125	0.625	1.25	2.5	5	13.763999999999999	15.945	16.768999999999998	17.34	20.905000000000001	Macerate (M)	
0.3125	0.625	1.25	2.5	5	9.7569999999999997	9.1280000000000001	13.836	14.077999999999999	15.29	Concentrations (mg/ml)


µM TE/g




8 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	0	0	0	0	0	0	6	0	14 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	0	0	0	0	0	0	6	6	51 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	0	0	0	0	0	6	6	56 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	0	0	6	0	0	6	6	480 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	0	0	6	0	2	6	6	600 min 	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	0	0	6	0	6	6	6	780 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	0	1	6	0	6	6	6	840 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	2	3	6	0	6	6	6	960 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	6	6	6	2	6	6	6	1320 min	H2O	D100	D20	D15	M100	M20	M15	A20	A15	0	6	6	6	6	6	6	6	6	1440 min 	H2O	D100	D20	D15	M100	M20	M15	A20	A15	6	6	6	6	6	6	6	6	6	Samples


Numbers of dead earthworms




