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Chemical characterization and biological activities of extracts from Tragia furialis Bojer (EUPHORBIACEAE)


ABSTRACT
Background: Tragia furialis Bojer is a medicinal plant from northern Madagascar, is traditionally used to treat coughs, asthma, and skin infections. This study evaluated its antioxidant and antimicrobial potential and identified its active phytochemical constituents.
Study Design: Leaves were dried, powdered, and sequentially extracted with hexane, ethyl acetate, and methanol. The methanolic extract was analyzed for total polyphenol content (Folin–Ciocalteu method) and antioxidant activity (DPPH assay). Antimicrobial activity was assessed via disk diffusion against ten bacterial strains. Bioactive compounds were isolated through chromatography and identified using NMR spectroscopy and literature comparison.
Results: Phytochemical screening revealed the presence of flavonoids, tannins, triterpenoids, steroids, and coumarins. The methanol extract showed the highest yield (4.38%) and an exceptionally high polyphenol content (962 ± 0.004 mg GAE/g). It exhibited potent antioxidant activity, surpassing ascorbic acid (IC₅₀ = 10.0 µg/mL vs. 12.18 µg/mL). The extract demonstrated strong, broad-spectrum antimicrobial activity, with inhibition zones ranging from 13.4 ± 0.004 mm to 18 ± 0.003 mm, and showed a bactericidal effect against nine out of ten strains. The minimal inhibitory concentrations (MICs) for active strains ranged from 3.125 to 50 mg/mL. Fractionation led to the isolation of three known phenolic compounds: velutin, quercetin, and 1,2,3,4-tetragalloylglucoside.
Conclusion: The methanol extract of Tragia furialis leaves is rich in phenolic compounds and possesses significant antioxidant and antimicrobial properties. These results scientifically validate its traditional uses and highlight its potential as a valuable source of bioactive compounds for phytomedicine.
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1. INTRODUCTION
Tragia species are perennial plants that may grow as herbs, shrubs, subshrubs, or twining vines, with lanceolate leaves displaying either entire or serrated margins [1]. The genus Tragia (Euphorbiaceae) comprises approximately 154 species distributed mainly in tropical regions, with the majority occurring in subtropical America, Eastern and Southern Africa, the Indian subcontinent, and Northeastern Australia. On the African continent, around 94 species have been reported, including Tragia furialis Bojer. [2]
Important chemical constituents identified from the genus Tragia include various alkaloids, flavonoids, anthraquinones, sesquiterpenes, triterpenoids, and glycosides. [3] Tragia furialis Bojer (syn. Tragia angustifolia Benth. or Tragia scheffleri Baker), known in the Antakarana dialect of Madagascar as “Ampsy” or “Angilahy,” is traditionally used to treat boils and coughs, and is also reputed to relieve asthma symptoms. [4]
To the best of our knowledge, no previous phytochemical or biological studies have been reported on this species. Therefore, the present study aims to investigate the antibacterial and antioxidant activities, as well as the chemical constituents, of Tragia furialis leaves.

2. MATERIALS AND METHODES
2.1 Materials
2.1.1 Plant material
The aerial parts of Tragia furialis Bojer were collected in Joffre Ville, Antsiranana II District, DIANA Region, Madagascar, in April 2024. The plant was identified by a botanist at the Botanical and Zoological Park of Tsimbazaza (PBZT), where a voucher specimen was deposited for reference. The leaves were shade-dried, pulverized into a fine powder, and stored in an airtight container until further use.

2.1 .2 General experimental procedures
All organic solvents were distilled prior to use. Extracts were fractionated by liquid chromatography on silica gel (Merck MN Silica Gel 60 M; particle size 0,04–0,063 mm), eluted under atmospheric pressure. Thin-layer chromatography (TLC) was performed on aluminum-backed silica gel plates (Macherey-Nagel, SIL G/UV254; 0,20 mm). Spots were visualized under UV light at 254 and 366 nm, or by heating after spraying with 20% (v/v) sulfuric acid.
Nuclear magnetic resonance (NMR) spectra — including ¹H, ¹³C, DEPT, ¹H–¹H COSY, ¹H–¹³C HSQC, and ¹H–¹³C HMBC — were recorded in deuterated solvents (CD₃OD, CDCl₃, or DMSO-d₆) using a Bruker 600 MHz spectrometer (operating at 600,19 MHz for ¹H and 125,78 MHz for ¹³C). Chemical shifts (δ) are reported in parts per million (ppm), with tetramethylsilane (TMS) as the internal standard. The structures of isolated compounds were confirmed by comparing their spectroscopic data with those reported in the literature.
Total phenolic content and antioxidant activity were determined using a Jenway 7200 UV–visible spectrophotometer.

2.1.3 Microbial strains
The antimicrobial potential of methanol extract was assessed against four Gram-positive bacterial strains: Bacillus cereus ATCC 1794, Listeria monocytogene ATCC 1911, Clostridium perfringens WDCM0007, Staphylococcus aureus CIP 53154, against six Gram-negative bacterial strains: Escherichia coli WDCM 0013, Enterobacteria faecalis CCM 2541, Pseudomonas aeruginosa ATCC 27853, Yersinia enterocolitica ATCC 2003C, Salmonella typhimurium ATCC 14028, Cronobacter sakazakii WDCM 00214. Microbial strains were cultured overnight on Mueller–Hinton agar plates at 37 °C to obtain fresh bacterial colonies for antimicrobial testing.
2.2 Preparation of extracts
The dried and powdered leaves (300 g) were extracted with 90% ethanol (1500 mL) by continuous agitation for 6 hours, followed by maceration for 24 hours at room temperature. The solvent was evaporated under reduced pressure to obtain the crude ethanolic extract.
To separate the chemical constituents according to their polarity, successive solvent extractions were performed. The dried and powdered leaves (500 g) were macerated sequentially in solvents of increasing polarity: hexane (1900 mL, 6 days), dichloromethane (1700 mL, 6 days), ethyl acetate (1800 mL, 6 days), and methanol (1600 mL, 6 days). Each extract was filtered and concentrated under reduced pressure to yield four fractions : hexane, dichloromethane, ethyl acetate, and methanol.

2.3 Phytochemical screening 
Phytochemical screening of the ethanolic extract was performed as previously described [5], using specific reagents to qualitatively assess the presence of various secondary metabolites. The compounds tested included alkaloids, iridoids, steroids, triterpenoids, saponins, polysaccharides, and polyphenols, such as coumarins, flavonoids, leucoanthocyanins, and tannins.
2.4 Determination of Total Phenolic Content
The total phenolic content of Tragia furialis extracts was determined using UV–Vis spectrophotometry with the Folin–Ciocalteu reagent [6]. A calibration curve was prepared with gallic acid standards dissolved in methanol at concentrations ranging from 0.0125 to 0.4 mg/mL. Plant extracts were prepared at a concentration of 0.5 mg/mL.
For the assay, 200 µL of each sample or standard solution was mixed with 1,5 mL of 10% Folin–Ciocalteu reagent and 1.5 mL of sodium carbonate solution (0.06 g/mL). The mixtures were incubated in the dark at room temperature for 1 hour. Absorbance was measured at 765 nm using a UV–Vis spectrophotometer, starting with the blank, followed by the least concentrated standard, and then the extract samples. The total phenolic content of the extracts was expressed as milligrams of gallic acid equivalents per gram of dry extract (mg GAE/g dry extract).

2.5 Biological tests
2.5.1 Antioxidant activity
2.5.1.1 Qualitative test
The free radical scavenging activity of the extract was evaluated using the bioautography method with DPPH. [7] Briefly, a DPPH solution in methanol (2 mg/mL) was prepared, and aluminium-backed silica gel plates were used. After applying the samples and developing the TLC plates, antioxidant compounds were visualized by spraying them with the DPPH solution. Antioxidant activity was indicated by the appearance of yellow spots against a purple background.
2.5.1.2 Quantitative test
The quantification of antioxidant activity was carried out according to the methods of Brand-Williams and al. [8] and Sánchez-Moreno and al. [9], with slight modifications. DPPH (25 mg) was dissolved in 100 mL of methanol, and the solution was stored in the dark. Ten milliliters of this stock solution were further diluted with 45 mL of methanol to prepare a 4.5% DPPH solution. Serial concentrations of the extract, ranging from 2 mg/mL to 0.125 mg/mL, were then prepared.
In dry tubes, 200 μL of each extract concentration was mixed with 3800 μL of the 4,5% DPPH solution. Blanks, containing 3800 μL of the 4.5% DPPH solution and 200 μL of methanol, were also prepared. All assays were performed in triplicate and incubated in the dark for 60 minutes. The same procedure was applied to the control using ascorbic acid.
Absorbance was measured at 517 nm using a spectrophotometer. Antioxidant activity, expressed as the ability to scavenge free radicals, was determined by the percentage of discoloration (percentage inhibition) of the DPPH solution in methanol. The percentage inhibition was calculated using formula (1).
                      (1)
Ac = the absorbance of the control  
As = the absorbance of the sample.
2.5.2 Antimicrobial assay
The dichloromethane and methanolic extracts of Tragia furialis Bojer leaves, at a concentration of 50 mg/mL, were evaluated for antibacteriostatic activity against four Gram-positive bacterial strains: Bacillus cereus ATCC 1794, Listeria monocytogenes ATCC 1911, Clostridium perfringens WDCM0007, and Staphylococcus aureus CIP 53154; and six Gram-negative bacterial strains: Escherichia coli WDCM 0013, Enterobacter faecalis CCM 2541, Pseudomonas aeruginosa ATCC 27853, Yersinia enterocolitica ATCC 2003C, Salmonella typhimurium ATCC 14028, and Cronobacter sakazakii WDCM 00214, using a previously described disk diffusion method [10] in Petri dishes.
Sterile discs (6 mm in diameter; Biomérieux, Marcy l’Étoile, France) were impregnated with 5 μL of extract (250 μg/disc) and placed on the surface of the seeded agar plates. The plates were then incubated at 37 °C for 24 hours. The diameter of the inhibition zone (mm) around each disc was measured, and erythromycin (15 μg/disc) was used as a positive control. All assays were performed in triplicate, and clear halos greater than 7 mm were considered positive results. [11]
2.5.3 Determination of minimum inhibitory concentrations
Strains exhibiting an inhibition zone diameter of ≥7 mm were selected for determination of the minimum inhibitory concentrations using the agar diffusion method at concentrations of 25, 12.5, 6.25, and 3.125 mg/mL. The inhibition diameters corresponding to each extract concentration were measured. [12] 

2.6 Fractionation and isolation
The methanolic extract (4 g) was subjected to column chromatography on silica gel (60 g, column dimensions 54 × 3.5 cm) using a gradient elution with dichloromethane and methanol, yielding 455 fractions of 10 mL each. Fractions exhibiting similar TLC profiles were combined and further purified by crystallization, leading to the isolation of four compounds : 1 (16.0 mg, red powder), 2 (12.0 mg, yellow powder), 3 (8.0 mg, red powder), and 4 (11 mg, brown powder), obtained from fractions 75–87 (eluted with DCM/methanol 95 :5), 275–280 (DCM/methanol 80 :20), 286–289 (DCM/methanol 70 :30), and 329–342 (DCM/methanol 50 :50), respectively.
The structures of the isolated compounds were elucidated by spectroscopic analysis and by comparison of their NMR data with values reported in the literature.

3.RESULTS AND DISCUSSION
3.1 Preparation of extracts
Maceration in 90% ethanol of 300 g of plant material yielded 28.98 ± 0.08 g (9.66%) of crude ethanolic extract. For extraction with solvents of increasing polarity using 500 g of dry powder, 3.88 ± 0.02 g (0.77%) of hexane extract, 3.48 ± 0.04 g (0.69%) of dichloromethane extract, 6.52 ± 0.03 g (1.30%) of ethyl acetate extract, and 21.91 ± 0.11 g (4.38%) of methanol extract were obtained.

3.2 Preliminary phytochemical screening
The leaves of Tragia furialis Bojer contained various constituents, including polysaccharides, triterpenoids, steroids, unsaturated sterols, cardiotonic glycosides, flavonoids, coumarins, quinones, leucoanthocyanins, and tannins. These classes of compounds are similar to those reported in other Tragia species, such as Tragia involucrata L., Tragia pungens (Forssk.) Müll. Arg., and Tragia benthamii Baker. [13]
3.1.3 Total phenolic compounds
The antioxidant activity of plants is primarily attributed to phenolic compounds. Using the gallic acid calibration curve (y=0.257x+0.003 ; R2=0.996), the phenolic content of the dichloromethane and methanol extracts was determined. Total phenolic content (TPC) was calculated using the following formula :

C : Concentration obtained from the spectrophotmeter
V : Total volume of the extract solution
M : masse of extract
The phenolic compound content was determined, as shown in Table 1.
Table 1 Content of phenolic compounds of the sample tested.
	Sample
	CPC (mg EAG/g Dry extract)

	DCM
	40 ± 0.001

	MeOH
	962 ± 0.004



3.2 Biological tests 
3.2.1 DPPH free radical scavenging activity
[bookmark: _Hlk219144317]3.2.1.1 Qualitative test
The methanol fraction exhibited the strongest antioxidant activity, causing complete yellow discoloration of DPPH, followed by the ethyl acetate fraction, while the dichloromethane and hexane fractions remained relatively inactive (Figure 1).
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Figure 1. Qualitative antioxidant test of hexane (HEX), dichloromethane (DCM); ethyl acetate (AcOEt) and methanol (MeOH) extracts of Tragia furialis leaves. 

3.2.1.1 Quantitated test
DPPH is a stable free radical that exhibits a maximum absorbance at 517 nm and is widely used to assess the free radical scavenging capacity or hydrogen-donating ability of compounds. It is a commonly employed method for evaluating the antioxidant activity of plant extracts and food substances [14]. The DPPH radical scavenging activity of Tragia furialis leaf extracts (crude ethanolic and methanol) and the standard antioxidant, ascorbic acid, is presented in Figure 2. The results indicate that the scavenging activity of Tragia furialis leaf extracts against DPPH radicals is concentration-dependent and was quantified using the half-maximal inhibitory concentration (IC50). This parameter represents the antioxidant concentration required to reduce the initial DPPH concentration by 50%, with lower IC50 values indicating greater antioxidant efficacy.

Figure 2. DPPH radical scavenging activity of Tragia furialis extracts leaves.
Table 2 summarizes the IC50 values of the tested extracts and the reference compound. The results indicate that the methanol extract exhibits stronger antioxidant activity than ascorbic acid and the crude ethanol extract. This comparative analysis highlights the influence of solvent polarity on antioxidant extraction efficiency and underscores the potential of Tragia furialis methanol leaf extract as a source of potent natural antioxidants.

Table 2 Inhibition concentration IC50 of the sample tested
	Sample
	CI50 (µg/ml)

	Ascorbic acid
	12.181 ± 0.021

	Methanol extract
	10.002 ± 0.057

	brut ethanolic extract
	25.141 ± 0.100



In this study, the DPPH radical scavenging activity of the tested samples followed the order: methanol extract > ascorbic acid > brut ethanol extract. According to this method, both the methanolic and brut ethanol extracts of Tragia furialis leaves exhibited high antioxidant activity, with IC50 values low than 50 µg/mL. The high antioxidant capacity observed in Tragia furialis leaves methanol extract may be attributed to their high content of phenolic compounds.

3.2.2 Assay of antimicrobial activity
The antibacterial activities of the dichloromethane and methanol extracts of Tragia furialis Bojer leaves at 50 mg/mL (250 µg/disc) are presented in Table 3.
Table 3. Antimicrobial assay of the dichloromethane and methanol extracts of Tragia furialis Bojer leaves at 50 mg/mL (250 µg/disc)
	Bacteria    
	Methanolic extract 
of  Tragia furialis 
	Dichloromethane extract 
of  Tragia furialis
	Control
(Erythromycin)

	Escherichia coli
	18 ± 0.66
	0 ± 0.00
	10

	Pseudomonas aeruginosa 
	0 ± 0.00
	0 ± 0.00
	0

	Salmonella Typhimurium
	16 ± 1.33
	0 ± 0.00
	20

	Staphylococcus aureus
	17.66 ± 0.44
	0 ± 0.00
	24

	Bacillus cereus
	13.33 ± 0.88
	0 ± 0.00
	26

	Clostridium perfringens
	17,66 ± 1.11
	0 ± 0.00
	25

	Listeria monocytogenes 
	14 ± 2.66
	0 ± 0.00
	27

	Yersinia enterocolitica
	17.66 ± 1.55
	0 ± 0.00
	8

	Enterobacteria faecalis 
	16.33 ± 2.44
	0 ± 0.00
	22

	Cronobacter sakazaki 
	16.66 ± 1.11
	0 ± 0.00
	11



The dichloromethane extract was inactive against all tested bacterial strains. The methanol extract exhibited antibacterial activity against nine bacterial strains, with inhibition zone diameters ranging from 13.3 ± 0.88 to 18 ± 0.66 mm at a concentration of 250 µg/disc. However, it showed no activity against Pseudomonas aeruginosa (inhibition diameter = 0 mm).
3.2.3 Determination of minimum inhibitory concentrations
Minimum inhibitory concentrations values of the methanol extract were evaluated against bacteria active subjected. These results are presented in Figure 3 and Table 4. 

Figure 3: Minimum Inhibition Concentration of methanolic extract against bacteria active
EC: Escherichia coli, ST: Salmonella Typhimurium; SA: Staphylococcus aureus; BC: Bacillus cereus; CP: Clostridium perfringens; LM: listeria monocytogenes; Y: Yersinia enterocolitica; EF: Enterobacteria faecalis; CB: Cronobacter sakazaki; PA: Pseudomonas aeruginosa 

Table 4: Minimum Inhibition Concentration of methanolic extract against bacteria active
	Extract
	Bacteria
	CMI (mg/mL)
	CMI μg/disc

	Methanolic
	Escherichia coli
	12.5
	62.5

	
	Salmonella typhimurium
	3.125
	15.125

	
	Staphylococcus aureus
	3.125
	15.125

	
	Bacillus cereus
	50
	250

	
	Clostridium perfringens
	25
	125

	
	Listeria monocytogenes
	3.125
	15.125

	
	Yersinia enterocolitica
	3.125
	15.125

	
	Enterobacteria faecalis
	3.125
	15.125

	
	Cronobacter sakazaki
	12.5
	62.5


Data values are presented as (Mean ± SD), (n = 3)
The determination of the minimum inhibitory concentration (MIC) confirmed the antibacterial activity results and helped characterize the effect of the extract on each active strain. The results revealed that the methanol extract exhibited low MIC values (3,125 mg/mL or 15,125 µg/disc) against Salmonella typhimurium, Listeria monocytogenes, Yersinia enterocolitica, Enterococcus faecalis, and Staphylococcus aureus. The same MIC value (12.5 mg/mL) was observed against Escherichia coli and Cronobacter sakazakii. In contrast, the MIC values obtained for Bacillus cereus and Clostridium perfringens were 50 mg/mL and 25 mg/mL, respectively.

3.2.4 Spectral data and identification of isolated compounds 
The structures of the isolated compounds were determined through comprehensive analysis of their ¹H, ¹³C, DEPT, HSQC, and HMBC NMR spectra, and by comparison with previously reported data in the literature. Compounds 1, 2 and 3 were identified as velutin (1) [15] [16]
quercetin (2) [17] [18] and 1,2,3,4-tetra-O-galloylglucoside (3) [19] respectively. The chemical structures of these compounds are presented in Figure 1. The 1H and 13C NMR spectra information of the identified compounds follows.
Velutin (1):  δ (ppm)1H NMR (600.19 MHz, CDCl3): 12.73 (1H, s, OH-5) ; 7.43 (1H, d, H-6’) ; 7.26 (1H, d, H-2’) ; 6.98 (1H, d, H-5’) ;6.50 (1H, s, H-3) ;6.41 (1H, s,H-8) ; 6.30 (1H, s, H-6) ; 5.95 (1H, s, OH-4’) ; 3.94 (3H, s, OCH3-3’) ; 3.82 (3H, s, OCH3-7).
δ (ppm)13C NMR (125.78 MHz, CDCl3): 182.4(C-4) ; 165.5(C-7) ; 164.0(C-2) ; 162.2(C-5) ; 157.7(C-8a) ; 149.2 (C-4’) ; 146.8 (C-3’) ; 123.4 (C-1’) ; 120.7 (C-6’) ; 114.9 (C-5’) ; 108.3 (C-2’) ; 105.5 (C-4a) ; 104.5 (C-3) ; 98.0 (C-6) ; 92.6 (C-8) ; 56.1 (OCH3-3’) ; 55.8 (OCH3-7).    
Quercetin (2):  δ(ppm) 1H NMR (600.19 MHz, CD3OD): 7.73 (1H, s, H-6’); 7.62 (1H, s, H-2’) ;6.88 (1H, s, H-3’); 6.37 (1H, s, H-8), 6.18(1H, s, H-6). δ (ppm) 13C NMR (CD3OD, 125.78 MHz): 177.0 (C-4) ; 165.2 (C-7) ;162.0 (C-5) ; 158.0 (C-8a) ; 148.6 (C-2’) ; 147.3 (C-2) ;145.9 (C-4’) ; 136.8 (C-3) ; 123.7 (C-1’) ;121.3 (C-6’) ; 121.3 (C-2’) ; 116.1 (C-5’) ; 115.9 (C-2’) ;103.9 (C-4a) ; 99.3 (C-6) ; 94.5 (C-8).
1,2,3,4-tetra-O-galloylglucose (3):  Glucose δ(ppm) 1H NMR (600.19 MHz, CD3OD): 6.30 (1H, H-1) ; 6.07 (1H, H-3) ; 5.80 (1H, H-4) ; 5.78 (1H, H-2) ;4.55 (1H, H-6α) ; 4.54 (1H-5) ; 4,9 (1H ; H-6β) δ (ppm) 13C NMR (CD3OD, 125.78 MHz): Glucose 92.4 (C-1) ; 72.7 (C-5) ; 72.2 (C-3) ; 70.6 (C-2) ; 68.5 (C-4) ; 62.3 (C-6)
Galloyl 7.30-7.44 (8H, H-2’, H-6’) δ (ppm) 13C NMR Galloyl 165.2-166.0 (4C, COO-), 144.6 (4C, C-4’); 138.0-138.8 (8C; C-3’, C-5’) ; 118.0-119.1 (4C,C-1’); 109.0-109.8 (8C,C-2’,C-6’). 
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Figure 4. Structures of isolated compounds from Tragia furialis Bojer: velutin (1), quercetin    
                (2), 1,2,3,4-tetragalloylglucoside (3) 

The evaluation of antioxidant activity using the DPPH method showed that the methanol extract has a higher radical scavenging capacity than ascorbic acid, with an IC50 of 10.0 µg/mL compared to 12.18 µg/mL for the standard. The ethanol extract exhibited moderate antioxidant activity, with an IC50 value of 25.14 µg/mL. Compared to the methanol extract of Tragia volubilis L., it also demonstrated considerable antioxidant capacity, confirming its potential as a source of bioactive compounds. [20] The high antioxidant capacity observed in the methanol extract of Tragia furialis leaves may be attributed to its high content of phenolic compounds.
The antimicrobial activity of the methanol extract against Salmonella typhimurium, Listeria monocytogenes, Yersinia enterocolitica, Enterococcus faecalis, Staphylococcus aureus, Escherichia coli, Cronobacter sakazakii, Bacillus cereus, and Clostridium perfringens (MIC values of 3.125 ; 12.5 ; 25, and 50 mg/mL, evaluated for the first time in this study) highlights the potential of this plant as a source of bioactive compounds.
This study on Tragia furialis Bojer reports the first isolation of three phenolic compounds from the leaves: velutin (1), quercetin (2), and 1,2,3,4-tetragalloylglucoside (3). Quercetin (2) has previously been reported in Tragia involucrata L. [21]and Tragia plukenetii. [22]Notably, the discovery of velutin and 1,2,3,4-tetragalloylglucoside expands the known chemical diversity of the genus Tragia, as these compounds have not been previously reported within this genus [17].
Diverse antimicrobial activities have been reported for isolated compounds from related species. 
Velutin has demonstrated antibacterial activity against Pseudomonas aeruginosa, Bacillus subtilis, Sarcina lutea, Candida albicans, and Staphylococcus aureus, while quercetin exhibits antibacterial activity against Streptococcus pneumoniae [18]. The presence of velutin and quercetin, both recognized for their antimicrobial properties, may be responsible for the observed antimicrobial effects of Tragia furialis. This finding opens avenues for further research into the therapeutic potential of Tragia furialis Bojer in the development of natural antimicrobial agents.

5. CONCLUSION
This study presents the first investigation of the antimicrobial and antioxidant activities of the methanol extract of Tragia furialis Bojer. The leaves were found to contain the phenolic compounds velutin (1), quercetin (2), and 1,2,3,4-tetragalloylglucoside (3). Importantly, these compounds are reported here for the first time from Tragia furialis Bojer, highlighting the novelty of this research.
These findings provide a scientific basis for the traditional use of Tragia furialis Bojer leaves in Malagasy medicine and suggest their potential as sources of natural antioxidant and antimicrobial agents.
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  MeOH extract	50	25	12.5	6.25	3.125	79.769487412799506	62.754018804974223	39.247801031240513	33.121019108280251	 EtOH extract	25	12.5	6.25	3.125	47.100999999999999	33.332999999999998	16.542000000000002	12.125	  Ascorbic acid	50	25	12.5	6.25	3.125	95.996360327570514	50.348801941158619	28.965726417955711	18.07703973309069	Concentration (µg/ml)
Inhibition (%)

Inhibition zone at different concentrations
T4 50 mg/ml	EC	PA	ST	SA	BC	CP	LM	Y	EF	CB	18	0	16	17.600000000000001	13.33	17.66	14	18	16.329999999999998	16.66	T4 25 mg/ml	EC	PA	ST	SA	BC	CP	LM	Y	EF	CB	14	0	0	13	0	13.66	13.66	13.66	14	12	T4 12.5 mg/ml	EC	PA	ST	SA	BC	CP	LM	Y	EF	CB	12.33	0	12	11	0	0	13	11.66	12.66	11.66	T4 6.25 mg/ml	EC	PA	ST	SA	BC	CP	LM	Y	EF	CB	0	0	10	11.33	0	0	13	12.66	13	0	T4 3.125 mg/ml	EC	PA	ST	SA	BC	CP	LM	Y	EF	CB	0	0	9.33	11.33	0	0	12	8.33	12	0	Erythromycine (15 µg)	EC	PA	ST	SA	BC	CP	LM	Y	EF	CB	10	0	22	24	26	25	27	8	22	11	Different strains used

Inhibition diameter (mm)
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