


Antibacterial and Antioxidant Activities of Aqueous and Hydroethanolic Extracts of Tetracera potatoria Afzel Ex G. Don Leaves (Dilleniaceae)



ABSTRACT
The aim of this study is to evaluate the antibacterial and antioxidant activity of aqueous and hydroethanolic extracts of Tetracera potatoria leaves. The antibacterial and antioxidant activities were carried out by using the solid medium diffusion and liquid medium dilution methods, and the DPPH and FRAP methods, respectively. Sensitivity tests had showed that both extracts exhibit antibacterial activities with inhibition zones ranging from 11 to 15 mm. Staphylococcus aureus, Salmonella sp, and E. coli were more sensitive to the extracts compared to Pseudomonas aeruginosa. Both extracts strongly inhibit the growth of Salmonella sp, with minimum bactericidal concentrations (MBC) of 200 mg/mL compared to those of Staphylococcus aureus and E. coli, which have minimum inhibitory concentrations (MIC) of 200 mg/mL. The DPPH and FRAP tests had revealed that both extracts possess remarkable antioxidant activity with IC50 of 1.92; 3.3 mg/mL and an iron-reducing capacity with IC50 of 5.71 and 5.26 mg/mL. The presence of total polyphenols, flavonoids, and tannins revealed in these various extracts of Tetracera potatoria is likely responsible for the observed activities.
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1. Introduction  
Despite the existence of conventional antibiotics, bacterial infections are nowadays a real public health problem. Several bacteria can be involved in these infections, such as Staphylococcus aureus, Salmonella sp, E. coli, and Pseudomonas aeruginosa. Currently, the emergence of bacterial infections is mainly due to the misuse of medications (Mwambete, 2009). Added to these difficulties are the critical phenomena of antibiotic resistance (Breuil et al., 2000) and, especially, the continuously rising prices of available medications (Mwambete, 2009).
Faced with such situations, low-income populations turn to medicinal plants for their health problems, creating an urgent need for the constant renewal of active compound (Mwambete, 2009). These sought-after molecules must possess various other chemical properties and employ new mechanisms of action against these pathogenic microbes (Mada et al, 2013). Medicinal plants remain the most important source of bioactive molecules (Zeghad, 2009). It therefore becomes logical to keep on searching in this direction, knowing that plants remain an almost inexhaustible source of biomolecules. In addition, a particular attention is currently being given to medicines and products of natural origin (Biswas et al, 2013). 
According to the WHO, it is estimated that nearly 80% of the African population resorts to this practice for healing (WHO, 2000). Among the numerous medicinal plants is Tetracera potatoria. This plant is used in the traditional treatment of colds, toothaches, and skin diseases (Betti and Lejoly, 2009; Fomogne-Fodjo et al., 2014). Furthermore, studies have shown that extracts of this plant inhibit the in-vitro growth of microorganisms (Fomogne-Fodjo et al., 2014; Fomogne-Fodjo et al., 2017). With the aim of exploring the extent of the antibacterial spectrum of Tetracera potatoria, we have  evaluated its antibacterial and antioxidant activities.

2. Material and methods
2.1. Material 
2.1.1. Plant Material: 
The leaves of Tetracera potatoria were harvested in September 2021 in Mossendjo in the Niari Region (Republic of Congo). The identification was carried out at L’Institut de Recherche en Sciences Exactes et Naturelles (IRSEN) in Brazzaville by comparison to that of May 1988 Catalogue of Vascular Plants of Congo by SITA Paul and MOUTSAMBOTE Jean-Marie, who are both botanists. These leaves were air-dried at room temperature for two weeks, then grounded and subjected to a decoction.



2.1.2. Bacterial strains:
[bookmark: _Toc165732235]The bacterial material comes from the bacterial strain bank of the Laboratory of Cell and Molecular Biology of the Science Faculty and Technics. It consists in 12 bacterial isolated strains, including three strains of Staphylococcus aureus, Salmonella sp, Escherichia coli, and Pseudomonas sp.
2.2. Methods
[bookmark: _Toc165732236]2.2.1. Preparation of aqueous and hydroethanolic extracts
2.2.1.1. Preparation of the aqueous extract
[bookmark: _Toc165732237]A 10% decoction of T. potatoria leaf powder was prepared. Indeed, 100g of powder were mixed with 1000 mL of distilled water and then boiled for 15 minutes. After cooling and filtration, the resulting decoction was concentrated to dryness using a Buchi II rotary evaporator at 60°C.
2.2.1.2. Preparation of the hydroethanolic extract
A macerate using the powder of T. potatoria leaves was prepared. Indeed, 100g of dried leaf powder were put into a flask containing a mixture of 500 mL of distilled water and 500 mL of 90° ethanol. The mixture was left under magnetic stirring and kept in the dark for 72 hours. It was then filtered by using cotton wool, and the filtrate obtained was concentrated to dryness using a Buchi II rotary evaporator at 60°C.
2.2.2. Antibacterial study
2.2.2.1. Inoculum preparation for tests on solid media
The inoculum was prepared from a young 24-hour colony. It was emulsified in 2 mL of NaCl suspension. Then, the optical density was adjusted to 0.5 McFarland using a densimat. A volume of 100 µL was taken for each strain, and this suspension was diluted in 10 mL of physiological saline (0.9% NaCl), thereby constituting the bacterial inoculum estimated at 10⁶ bacteria/mL.
2.2.2.2. Sensitivity tests of microorganisms to extracts	
Before evaluating the antimicrobial activity of the extracts, a sterility test was performed to check whether they were contaminated by any microorganisms. The sensitivity test of bacteria exposed to the aqueous and hydroethanolic extracts of T. potatoria was carried out by  using the disc diffusion method on solid medium with Mueller-Hinton agar (Maloueki et al., 2015) . Sterile Whatman No. 1 paper discs, 6 mm in diameter, previously impregnated with 50, 100, 200, and 400 mg/mL of the aqueous and hydroethanolic extracts, were placed on the surface of an agar medium previously inoculated with the bacterial strains to be tested. After 30 minutes of pre-diffusion at room temperature, the Petri dishes were incubated at 37°C for 24 hours. Under the same conditions as before, Norfloxacin (10 μg) was used as a positive control and sterile paper discs impregnated with distilled water as negative controls.
After this period, the inhibition diameter around each disk was measured. The evaluation of the efficiency of the extracts was carried out according to the criterion of  Poncé et al., 2003. Thus, a substance is considered ineffective if the inhibition diameter is 8 mm, whereas it is considered effective if the inhibition diameter is between 9 and 14 mm. On the other hand, it is deemed very effective when the inhibition diameter is between 15 and 19 mm and extremely effective if the diameter is 20 mm.
2.2.2.3. Preparation of the inoculum for liquid medium tests
Two colonies of each bacterial species (S. aureus, Salmonella sp, E. coli, and P. aeruginosa) aged 24 hours were taken by using a loop and emulsified in a test tube containing 10 ml of sterile LB broth, then homogenized at low speed using a vortex to protect the cell viability. The density of each bacterial suspension was adjusted to 0.1 by using a spectrophotometer at a wavelength of 625 nm, equivalent to 0.5 McFarland.
2.2.2.4. Preparation of the concentration range
The concentration rank was obtained using the double dilution method. To do this, a solution of 200 mg/mL of the selected extracts was prepared. A series of dilutions with a geometric ratio of ½ was carried out from this solution, and six concentrations were selected (200; 100; 50; 25; 6.25; 3.12; 1.56; and 0.78 mg/mL).
2.2.2.5. Determination of antibacterial parameters
The determination of antibacterial parameters was carried out by dilution in liquid medium according to the method used by Kokora et al. (2015). Thus, in 12 hemolysis tubes, 6 tubes for each type of extract, 1 mL of each concentration range of plant extract was mixed with 1 mL of bacterial inoculum, making 2 mL in each tube. In the control tube, 1 mL of sterile distilled water was mixed with 1 mL of the inoculum. All the tubes in the test series and the reference series were homogenized by using a vortex. The optical densities of the different tubes were measured with a spectrophotometer before and after incubation at 37 °C for 24 hours.
The MIC will therefore match to the lowest concentration for which there is no turbidity. Consequently, it is the first tube where the initial optical density value is equal to the final optical density. As for the Minimum Bactericidal Concentration (MBC), it permits to obtain 0.01% of viable bacteria after 24 hours of incubation at 37 °C. Its determination is done by comparison between the streaks of the controls and those of the experimental tubes; therefore, it is the first tube where the number of colonies is lower than the streaks of the other tubes and lower than the control. This involved inoculating the controls on Mueller-Hinton agar plates by using a loop. At the same time, all bacterial cultures from the experimental series were inoculated on a Mueller-Hinton agar plate in streaks by using a loop. Finally, the Petri dishes were incubated at 37 °C for 18 to 24 hours.
2.2.3. Antioxidant activity of aqueous and hydroethanolic extracts of T. potatoria leaves
2.2.3.1. Determination of the antioxidant effect by the DPPH test
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) test method was chosen for its reliability. The anti-radical activity expresses the ability to lower or trap a radical such as 1,1-diphenyl-2-picrylhydrazyl (DPPH). This free radical has a dark violet color; when it is trapped by antioxidants, it appears in its reduced pale yellow form.
· Qualitative test by thin-layer chromatography (TLC)
TLC was carried out according to Colak et al., 2017 [8]. With this mind, the different extracts were applied to aluminum silica gel GF254 TLC plates, and an eluent system of ethyl acetate/formic acid/distilled water (8/1/1) was used. The chromatograms were sprayed after drying with a methanolic solution of  DPPH at 2 mg/mL. The anti-radical activity appears as yellow spots on a violet background.
· Quantitative test by spectrophotometry
The free radical scavenging activity was determined by using the method reported by Adjila and Azzoug (2021) [2] with slight modifications in the concentrations. To achieve this, an ethanolic solution of DPPH˙ was prepared by dissolving 4 mg of this compound in 100 mL of ethanol. Then, 0.5 mL of the extracts as well as the reference compound (ascorbic acid) for different concentrations (2, 4, 6, and 8 mg/mL) were added to 1 mL of a stable DPPH solution (0.06 mM, methanol). The mixture was vortexed for about 1 minute and then incubated at room temperature in the dark for 30 minutes. Absorbances were measured at 517 nm by using a JENWAY 7205 spectrophotometer at 25°C after 30 minutes incubation in the dark. Three trials were conducted for each concentration of the tested product. A DPPH solution was tested as control (blank) to estimate its decomposition in the absence of the studied extract. The antioxidant activity related to the radical scavenging effect of DPPH˙ is expressed as a percentage of inhibition (PI), which is calculated through the below formula:

A0 : blank absorbance
A1 : absorbance of the sample to be tested
The concentration that inhibits 50% of DPPH (IC50) was determined proportionally. 
2.2.3.2. FRAP Test (Ferric Reducing antioxidant Power)
The method reported by Dieng et al. (2017)  was adopted to determine the lowering power of the extracts. Thus, 0.4 mL of sample in different concentrations was mixed with 1 mL of phosphate buffer (0.2 M; pH = 6.6) and 1 mL of 1% potassium hexacyanoferrate [K3Fe(CN)6]. After incubating the mixture at 50 °C for 30 minutes, 1 mL of 10% trichloroacetic acid was added, and then the tubes were centrifuged at 3000 rpm for 10 minutes. Next, 1 mL of the supernatant from each tube was mixed with 0.2 mL of 0.1% FeCl3 solution and left standing in the dark for 30 minutes before measuring absorbance at 700 nm using a JENWAY 7205 spectrophotometer. The antioxidant activity related to the reducing power of the extracts is expressed as Reducing Power (RP) using the following formula: 

Aa : absorbance of the extract
Ab : blank absorbance
2.2.4. Determination of phytochemical compound

2.2.4.1. Total polyphenol content measurement
The method of Tajini et al., 2020 was used to measure total polyphenols. Thus, 2 mL of Folin-Ciocalteu reagent was dissolved in 18 mL of distilled water to make a 1/10 diluted solution. 25 µL of extract were mixed with 125 μL of Folin-Ciocalteu reagent, and 375 μL of 10% sodium carbonate (Na2CO3) were added. The mixture was incubated for 40 minutes at room temperature in the dark, then the absorbance was measured at 725 nm using a UV/visible spectrophotometer. A calibration curve was constructed using gallic acid as a reference at different concentrations. The analyses were performed in triplicate, and the total polyphenol content is expressed in mg GAE/g of extract. The results permited the construction of a calibration curve.
2.2.4.2. Total flavonoid content measurement
The estimation of total flavonoid content was described according to the method developed by Tajini et al. (2020). This method bases on the ability of these compounds to form chromogenic complexes with aluminum chloride (AlCl3). First, a calibration curve was prepared using the reference standard, which is quercetin. Solutions of different concentrations (20, 40, 60, 80, and 100 μg/ml) were prepared. The reaction medium, consisting of 250 μL of the aqueous or hydro-ethanolic extract, is mixed with 75 μL of a NaNO2 solution (5%). After incubation at room temperature, 150 μL of a freshly prepared 10% aluminum trichloride solution (AlCl3·6H2O) is added. After five minutes of rest, 500 μL of sodium hydroxide (NaOH, 1M) is added, and the volume is adjusted with distilled water to 2.5 mL. The absorbance of the test solutions and the standard solutions was measured against the reagent blank at 510 nm of wavelength with a UV/Visible spectrophotometer. The total flavonoid content was expressed in mg of QE/g of extract.
2.2.4.3. Determination of total tannins

The Folin–Ciocalteu method was used to determine total tannins. Approximately 0.2 ml of the sample extract was added to a volumetric flask (20 ml) containing 15 ml of distilled water and 1 ml of Folin–Ciocalteu reagent, 2 ml of 35% Na2CO3 solution, and diluted to 20 ml with distilled water. The mixture was well shaken and kept at room temperature for 30 minutes. A set of reference standard solutions of gallic acid (20, 40, 60, 80, and 100 μg/ml) was prepared the same way as described above. The absorbance of the test solutions and standard solutions was measured against the blank at a wavelength of 725 nm using a UV/Visible spectrophotometer. The tannin content was expressed as mg GAE/g of extract (Tanoh, 2021).
2.2.4.4. Statistical analysis of the results
The results are expressed as mean ± standard error using Excel software, and the variance was analyzed by Student's t-test. The significance level was set at p < 0.05.

3. Results and discussion
3 .1. Results
3 .1.1. Bacterial strain susceptibility test
	The results of the sensitivity tests are recorded in Table I. Analysis of these results shows a progressive increase in inhibition zones as the concentration of the extracts increases. The aqueous and hydroethanolic extracts (400 mg/mL) were more active against the Salmonella sp. strain, with an inhibition zone of 15 mm, compared to the Staphylococcus aureus and Pseudomonas aeruginosa strains. However, the hydroethanolic extract at the same concentration shows an inhibition zone of 12 mm and 11 mm, respectively, against E. coli and Pseudomonas aeruginosa, while the aqueous extract shows diameters of 15 mm and 10 mm, respectively, against E. coli and Pseudomonas.
 It is worth noting that the hydroethanolic extract practically exhibited the same activity by producing a 14 mm diameter against Staphylococcus aureus, while the aqueous extract inhibited the growth of Staphylococcus aureus with a diameter of 12 mm. Overall, both extracts have shown an activity against the in-vitro growth of the tested bacteria, although the activity obtained with the hydroethanolic extract was superior. However, for all the strains, the inhibition diameters on three bacterial strains induced by these extracts remain lower than those obtained with the reference antibiotic, Norfloxacin (20 mm for Staphylococcus aureus, 18 mm for Salmonella sp., 25 mm for E. coli, and ≤ 6 mm for Pseudomonas aeruginosa).
3.1.2. Effect of aqueous and hydroethanolic extracts of T. potatoria on antibacterial parameters
Tables II, III, IV, and V Show the different values of optical density related to the turbidity induced by the growth of the various bacteria studied. The difference in value between the final and initial optical density (FOD - IOD) gave us the level of bacterial growth in the corresponding tube. Indeed, the MIC is the lowest concentration in which there is an absence of turbidity. Therefore, it is the first tube where the initial optical density equals the final optical density (IOD = FOD).Table II shows the optical density values before and after incubation of the tubes containing Staphylococcus aureus in the presence of aqueous and hydroethanolic extracts. We noticed that in both extracts, there was equality of optical densities at the concentration of 200 mg/mL, which corresponds to the minimum inhibitory concentration. 
Table III indicates the optical density values before and after incubation of tubes containing Salmonella sp in the presence of aqueous and hydroethanolic extracts. It can be seen from this table that the optical density before incubation is higher than the optical density after incubation for the concentration of 200 mg/mL.	
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[bookmark: _Toc165732691]Table I : Effect of aqueous and hydroethanolic extracts on the susceptibility of strains of Staphylococcus aureus, Salmonella sp, E. coli, and Pseudomonas aeruginosa.
	Strains

           Extract
	Bactérie Gram +
	Bactérie Gram -

	
	 Staphylococcus  aureus
	Salmonella  sp
	Escherichia. coli
	Pseudomonas  aeruginosa

	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	
Ext. Aq
	C1
	10
	7
	10
	10
	6
	6
	12
	10
	6
	6
	6
	6

	
	C2
	10
	8
	10
	11
	10
	9
	12
	11
	6
	8
	6
	6

	
	C3
	10
	9
	10
	12
	12
	9
	14
	12
	6
	9
	6
	6

	
	C4
	12
	11
	9
	15
	15
	10
	15
	13
	6
	10
	6
	6

	
Ext. HE
	C1
	10
	7
	10
	10
	10
	6
	8
	8
	6
	7
	6
	6

	
	C2
	9
	10
	10
	10
	11
	8
	8
	9
	6
	9
	8
	6

	
	C3
	10
	10
	10
	11
	11
	10
	9
	10
	6
	10
	9
	6

	
	C4
	14
	13
	11
	15
	15
	11
	12
	10
	6
	11
	6
	6

	T- (Distilled water)
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	T+ (Norfloxacine 10µg)
	20
	18
	6
	18
	20
	15
	25
	18
	17
	6
	6
	6










             








Ext. Aq : Aqueous extract; Ext. HE: Hydroethanolic extract, C1= 50 mg /mL ; C2= 100 mg /mL ; C3= 200 mg /mL ;
C4= 400 mg /mL ; T- : Negative witness; T+: Positive witness, 6mm : disk diameter.
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[bookmark: _Toc165732693]Table II : Variation of optical densities before and after incubation of Staphylococcus aureus in the presence of aqueous and hydroethanolic extracts
	S. aureus
Concentration in mg / mL
	
Ext. Aq
	
Ext. HE

	
	DOI
	DOF
	DOI
	DOF

	C1 = 200
	1,980 ± 0,005
	1,980 ± 0,005
	1,950 ± 0,005
	1,950 ± 0,005

	C2 = 50
	1,130 ± 0,005
	1,460 ± 0,008
	0,880 ± 0,005
	1,100 ± 0,011

	C3 = 25
	1,030 ± 0,005
	1,420 ± 0,006
	0,500 ± 0,006
	0,690 ± 0,003

	C4 = 6,25
	0,320 ± 0,008
	1,360 ± 0,011
	0,350 ± 0,003
	0,940 ± 0,003

	C5 = 3,12
	0,160 ± 0,011
	1,330 ± 0,012
	0,130 ± 0,006
	0,980 ± 0,005

	C6 = 0,78
	0,780 ± 0,005
	0,940 ± 0,006
	0,840 ± 0,003
	1,050 ± 0,005

	Témoin
	0,170 ± 0,003
	0,970 ± 0,003
	0,170 ± 0,003
	0,970 ± 0,003


DOI : optical density before incubation; DOF : optical density after incubation;
Ext. aq: Aqueous extract; Ext. HE : Hydroethanolic extract.



[bookmark: _Toc165732694]Table III : Variation in optical densities before and after incubation of Salmonella sp in the presence of aqueous and hydroethanolic extracts
	Salmonella sp Concentration in mg / mL
	
Ext. Aq
	
Ext. HE

	
	DOI
	DOF
	DOI
	DOF

	C1 = 200
	1,510 ± 0,005
	1,410 ± 0,005
	1,670 ± 0,011
	1,370 ± 0,011

	C2 = 50
	1,450 ± 0,005
	1,610 ± 0,005
	0,950 ± 0,005
	1,220 ± 0,008

	C3 = 25
	1,420 ± 0,011
	1,590 ± 0,005
	0,780 ± 0,003
	0,910 ± 0,005

	C4 = 6,25
	1,090 ± 0,005
	1,130 ± 0,005
	0,340 ± 0,003
	0,760 ± 0,005

	C5 = 3,12
	0,410 ± 0,005
	0,9300 ± 0,005
	0,270 ± 0,005
	0,720 ± 0,0014

	C6 = 0,78
	0,230 ± 0,005
	0,820 ± 0,011
	0,270 ± 0,006
	0,730 ± 0,012

	Témoin	Comment by Bibin Augustine, PhD: Please also use English word for global readers
	0,130 ± 0,003
	0,760 ± 0,005
	0,130 ± 0,003
	0,760 ± 0,005


DOI : DOI : optical density before incubation; DOF : optical density after incubation;
Ext. aq: Extrait aqueux ; Ext. HE : Extrait hydroéthanolique.




[bookmark: _Toc165732695]The optical densities of the tubes containing E. coli in the presence of the aqueous and 
hydroethanolic extracts are shown in Table IV. Analysis of  these results shows equality between 
the optical densities before and after incubation at a concentration of 200 mg/mL, which results 
in inhibition of bacterial growth.

	E. coli
Concentration
in mg/ mL
	
Ext. Aq
	
Ext. HE

	
	DOI
	DOF
	DOI
	DOF

	C1 = 200
	1,65 ± 0,008
	1,65 ± 0,008
	1,870 ± 0,011
	1,870 ± 0,011

	C2 = 50
	1,520 ± 0,046
	1,550 ± 0,005
	0,950 ± 0,005
	1,220 ± 0,008

	C3 = 25
	1,420± 0,010
	1,500 ± 0,006
	0,780 ± 0,003
	0,910 ± 0,005

	C4 = 6,25
	0,970± 0,006
	1,250 ± 0,003
	0,340 ± 0,003
	0,760 ± 0,005

	C5 = 3,12
	0,410 ± 0,005
	0,670 ± 0,003
	0,270 ± 0,005
	0,720 ± 0,001

	C6 = 0,78
	0,320 ± 0,006
	0,750 ± 0,003
	0,270 ± 0,006
	0,730 ± 0,012

	Témoin
	0,360 ± 0,006
	0,760 ± 0,006
	0,130 ± 0,003
	0,760 ± 0,005


Table IV : Variation in optical densities before and after incubation of  E. coli in the presence of aqueous and hydroethanolic extracts










DOI : DOI : optical density before incubation; DOF : optical density after incubation;
Ext. aq: Extrait aqueux ; Ext. HE : Extrait hydroéthanolique.





Table V reveals the values of optical density before and after incubation of tube containing Pseudomonas aeruginosa in the presence of aqueous and hydroethanolic extracts. An equal optical density was observed with the aqueous extract in a concentration of 200 mg/mL. However, the hydroethanolic extract at the same concentration caused a decrease in optical density after incubation.
[bookmark: _Toc165732696]Table V : Variation of optical densities before and after incubation of Pseudomonas aeruginosa in the presence of aqueous and hydroethanolic extracts
	Pseudomonas Concentration in mg / mL
	
Ext. Aq
	
Ext. HE

	
	DOI
	DOF
	DOI
	DOF

	C1 = 200
	1,510 ± 0,005
	1,510 ± 0,005
	1,10 ± 0,006
	1,00 ± 0,011

	C2 = 50
	1,270 ± 0,005
	1,150 ± 0,003
	0,570 ± 0,005
	1,30 ± 0,008

	C3 = 25
	0,840± 0,003
	1,070 ± 0,005
	0,420 ± 0,003
	1,000 ± 0,005

	C4 = 6,25
	0,360± 0,006
	1,030 ± 0,005
	0,210 ± 0,005
	1,020 ± 0,011

	C5 = 3,12
	0,190 ± 0,005
	1,040 ± 0,005
	0,140 ± 0,011
	0,680 ± 0,005

	C6 = 0,78
	0,110 ± 0,003
	1,060 ± 0,011
	0,110 ± 0,008
	0,680 ± 0,005

	Témoin
	0,110 ± 0,003
	1,280 ± 0,003
	0,110 ± 0,003
	1,280 ± 0,003



DOI : optical density before incubation; DOF : optical density after incubation; Ext. aq: Extrait aqueux ;
Ext. HE : Extrait hydroéthanolique.


3.1.3. Effect of aqueous and hydroethanolic extracts of T. potatoria on the growth of              Staphylococcus aureus, Salmonella sp, E. coli, and Pseudomonas aeruginosa strains
		Figures 1, 2, 3, and 4 respectively depict the results of inoculations on solid medium from the control tube (T) and the experimental tubes. These results point out that the number of colonies decreases as the concentrations of the tested extracts increase. This decrease is most often followed by the appearance of a few isolated colonies, as well as their complete absence from certain streaks. The phenomena described above were observed:
	- On the Staphylococcus aureus strain, the aqueous and hydroethanolic extracts cause the appearance of isolated colonies at a concentration of 200 mg/mL. - Regarding the Salmonella sp. strain, both extracts lead to a complete absence of colonies at a concentration of 200 mg/mL. 
- For the E. coli strain, the appearance of a few isolated colonies was observed with both extracts at a concentration of 200 mg/mL. 
- Finally, on the Pseudomonas aeruginosa strain, the appearance of isolated colonies was observed at a concentration of 200 mg/mL with the aqueous extract, whereas the hydroethanolic extract at the same concentration resulted in a complete absence of colonies.

[image: ]
[bookmark: _Toc165732519]
Figure 1 : Effect of aqueous and hydroethanolic extracts on the in vitro growth of the Staphylococcus aureus strain (1) ; 
C1 : 200 mg/mL ; C2 : 50 mg/mL ; C3 : 25 mg /mL ; C4 : 6,25mg / mL ; C5 : 3,12 mg /mL ; C6 : 0,78 mg/mL.; A: Aqueous extract; B: Hydroethanolic extract.









[image: ]
[bookmark: _Toc165732518]Figure 2 : Effect of aqueous and hydroethanolic extracts on the in vitro growth of the Salmonella sp. strain (2);
C1 : 200 mg/mL ; C2 : 50 mg/mL ; C3 : 25 mg /mL ; C4 : 6,25 mg / mL ; C5 : 3,12 mg /mL ; C6 : 0,78 mg/mL; A: Aqueous extract; B: Hydroethanolic extract.





	





[image: ][bookmark: _Toc165732520][bookmark: _Toc165732521]Figure 3 : Action of aqueous and hydroethanolic extracts on the in vitro growth of the E. coli strain (1); 
C1 : 200 mg/mL ; C2 : 50 mg/mL ; C3 : 25 mg /mL ; C4 : 6,25 mg / mL ; C5 : 3,12 mg /mL ; C6 : 0,78 mg/mL; A: Aqueous extract; B: Hydroethanolic extract.
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[bookmark: _Toc165732522]Figure 4 : Effect of aqueous and hydroethanolic extracts on the in vitro growth of Pseudomonas aeruginosa strain (1); 
C1 : 200 mg/mL ; C2 : 50 mg/mL ; C3 : 25 mg /mL ; C4 : 6,25 mg / mL ; C5 : 3,12 mg /mL ; C6 : 0,78 mg/mL ; A: Aqueous extract; B: Hydroethanolic extract.




























3.1.4. Antioxidant activity of aqueous and hydroethanolic extracts of T. potatoria leaves
3.1.4.1.Qualitative effect of the extracts on DPPH reduction
Figure 5 illustrates the radical-scavenging effect of T. potatoria leaves. The antiradical activity of the aqueous and hydroethanolic extracts on TLC is revealed by the appearance (visible) of a yellow band on a violet background. This coloration indicates the reduction of DPPH by the antioxidants present in the sample. 
[image: ][bookmark: _Toc165732529]
[bookmark: _Toc165732530]Figure 5 : Chromatogram of aqueous and ethanolic extracts migrated in the ethyl acetate/formic acid/distilled water system (8/1/1) and then revealed by DPPH;
A: Aqueous extract; B: Hydroethanolic extract





	

3.1.4.2. Quantitative effect of the extracts on DPPH reduction
The effect of T. potatoria extracts on DPPH reduction is shown in Figure 6. It portrays a progressive increase in DPPH radical inhibition depending on the concentrations used. Vitamin C, used as a standard, gave the highest inhibition, followed by the aqueous and hydroethanolic extracts, with respective 50% inhibitory concentration (IC50) values of 1.92, 3.3, and 4 mg/mL.3. "Effet des extraits sur le pouvoir réducteur" (FRAP)
The effect of T. potatoria extracts as well as vitamin C (reference molecule) on ferric reducing power is shown in Figure 7. Both extracts exhibited 50% inhibitory concentrations (IC50) close to that of vitamin C, with respective values of 5.71, 5.26 mg/mL and 4.16.




[image: ]
[bookmark: _Toc165732531]Figure 6 : The 50% inhibitory concentration (IC50) of T. potatoria extracts on DPPH activity.
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[bookmark: _Toc165732533]Figure 7 : 50% inhibitory concentration (IC50) of T. potatoria extracts on ferric reducing power.








3.1.4. Measurement of phenolic compound in the aqueous and hydroethanolic extracts of T. potatoria leaves
3.1.4.1.Total polyphenol content
       Figure 8 shows the total polyphenol content in the aqueous and hydroethanolic extracts of T. potatoria leaves in gallic acid equivalents. The results indicate a significant difference between the two extracts (p< 0.01). Indeed, the hydroethanolic extract exhibits the highest content compared to the aqueous extract, with respective values of 580.6 mg GAE/mgE and 375.6 mg GAE/mgE.
3.1.4.2. Total flavonoid content
Figure 9 shows the flavonoid contents in the aqueous and hydroethanolic extracts of T. potatoria leaves in quercetin equivalents. The analysis shows a significant difference between the two extracts (p< 0.001). Thus, the highest flavonoid content was obtained in the hydroethanolic extract with a value of 1990.91 mg QE / mg extract, whereas the aqueous extract only shows 1156.58 mg QE / mg.
3.1.4.3. Total tannin content
The results in Figure 10 show up the tannin contents determined in the aqueous and hydroethanolic extracts of T. potatoria leaves expressed in gallic acid equivalents. Indeed, the analyses indicate a significant difference between the two extracts of the recipe. Nevertheless, the highest content was obtained through the aqueous extract, at 738.77 mg GAE/g compared to 452.88 mg GAE/g for the hydroethanolic extract.
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[bookmark: _Toc165732526]Figure 9 : Flavonoid contents of aqueous and hydroethanolic extracts of T. potatoria leaves
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3. 2. Discussion
The results obtained in our study indicates that the aqueous and hydroethanolic extracts of T. potatoria have exhibited antibacterial activity against nine (9) bacterial strains, including three (3) strains of Staphylococcus aureus, three (3) strains of Salmonella sp., two (2) strains of E. coli, and one (1) strain of Pseudomonas aeruginosa. It has been reported that the antibacterial effect was due to the presence of several substances such as tannins, flavonoids, and other metabolites (Peter et al., 2018). The phytochemical study of T. potatoria leaves revealed a high content of tannins; these compounds may enhance the antibiotic effect of the extract against microorganisms. This antibiotic effect would depend on the site and number of hydroxyl groups present on the polyphenolic compounds (Harrar, 2012; Kheyer et al., 2014). Indeed, the antibacterial activity of flavonoids has been demonstrated by Mada et al. (2013)  and Kokora et al. (2015). This activity is mainly attributed to the ability of these molecules to inhibit DNA expression and the synthesis of certain enzymes and membrane proteins of microorganisms (Ulanowska et al., 2005). 
Besides, we have observed that the antibacterial effect of the two extracts varies depending on the concentrations. The largest diameters obtained are (12 and 14 mm), (15 and 15 mm), (15 and 10 mm), and (10 and 11 mm) respectively for Staphylococcus aureus, Salmonella sp, E. coli, and Pseudomonas aeruginosa at a concentration of 400 mg/mL for aqueous and hydroethanolic extracts, respectively. Whereas, the smallest diameters are (10 and 10 mm), (10 and 10 mm), (12 and 8 mm), and (6 and 7 mm) respectively for Staphylococcus aureus, Salmonella sp, E. coli, and Pseudomonas aeruginosa at a concentration of 50 mg/mL for aqueous and hydroethanolic extracts, respectively. We can assert that the antibacterial effect is concentration-dependent, or that the effect is dose-dependent. 
Among the bacterial strains studied, Pseudomonas aeruginosa represents the species most resistant to the extracts. This bacterial resistance is be explained to the extent that Gram-negative bacteria are generally more resistant than Gram-positive bacteria, due to structural differences (Bozin et al., 2006). The penetration of active compounds present in polyphenols is therefore different (Kheyer et al., 2014). In Gram-negative bacteria, the outer membrane constitutes an effective permeability barrier, rich in lipopolysaccharides that negatively charged surfaces prevent the diffusion of hydrophobic molecules. However, some low-molecular-weight phenolic compounds can adhere to these bacteria binding to membrane proteins and lipopolysaccharides via their functional groups and slip through the most vulnerable inner membrane (Dorman et al., 2000). 
Our results are consistent with those obtained by Fomogne-Fodjo et al. (2017)  and Peter et al. (2018), who showed strong inhibitory activity on extracts of T. potatoria and Alchornea cordifolia, respectively, against Staphylococcus aureus, Salmonella sp, and Escherichia coli. 
At the same time, the antibacterial parameters (MIC and MBC) were determined using the same bacterial strains. Regarding the Staphylococcus aureus strain, Figure 1 shows that the aqueous and hydroethanolic extracts at a concentration of 200 mg/mL led to the presence of isolated colonies compared to the number of colonies on the control streak. The same observation was made in Figure 3 for the Escherichia coli strain. It can be deduced that this concentration represents the minimal inhibitory concentration (MIC) of these tested substances (Marmonier, 1990). Our results are not in accordance with those found by Okou et al. (2018), who worked on the antibacterial activity of Solanum torvum Swartz (Solanaceae) leaf extracts on the in-vitro growth of 3 strains of enterobacteria. The results of these authors showed that the MIC was at a concentration of 25 mg/mL; however, figure 2 shows that both extracts at a concentration of 200 mg/mL result in the complete absence of colonies of the Salmonella sp. strain, compared to the number of colonies on the control streak. These results suggest that this concentration is the minimum bactericidal concentration (MBC). Our results are not consistent with those found by Okou et al. (2018). These authors found the minimum bactericidal concentration at 1.56 mg/mL.
Finally, Figure 4 shows that the aqueous extract at a concentration of 200 mg/mL leads to the presence of isolated colonies of Pseudomonas aeruginosa compared to the number of colonies on the control streak, while the hydroethanolic extract at the same concentration causes a complete absence of colonies of the Pseudomonas aeruginosa strain, compared to the number of colonies on the control streak. Our results match with those of Peter et al. (2018), who worked on the antibacterial activity of Alchornea cordifolia.Our results picture these different tested extracts have an activity on these studied strains. Based on the MIC, both extracts are more active on the Salmonella sp. strain (MIC equal to 200 mg/mL) than on Staphylococcus aureus and Escherichia coli strains (MIC > 200 mg/mL). Meanwhile, on the Pseudomonas aeruginosa strain, the aqueous extract (MIC > 200 mg/mL) is less active than the hydroethanolic extract (MIC equal to 200 mg/mL). The antioxidant effect of the aqueous and hydroethanolic extracts of T. potatoria leaves was demonstrated in the presence of DPPH on a plate, by spectrophotometry to determine the 50% inhibitory concentration (IC50) and the ferric reducing power by using the FRAP test in the presence of a reference antioxidant (Vitamin C). The chromatogram revealed with DPPH solution showed significant radical-scavenging activity, characterized by a progressive yellow streak on a purple background for both extracts used.
This demonstrates a strong antioxidant effect. The significant reduction of free radicals by the aqueous and hydroethanolic extracts could be explained by the relatively high levels of polyphenolic compound reported above. Furthermore, considering the IC50 values, the aqueous and hydroethanolic extracts have a similar antioxidant capacity (IC50 = 4 mg/ml and IC50 = 3.3 mg/ml) compared to the antioxidant capacity of vitamin C (IC50 = 1.96 mg/ml). Indeed, the lower the IC50, the better the radical scavenging effect (Bougandoura and Bendemerad, 2013). DPPH is a stable radical that can accept hydrogen atom from an antioxidant to form reduced DPPH (Zakaria and Belhattab, 2016). The effect of antioxidants on DPPH is due to their ability to donate hydrogen (Adedapo et al., 2008). This strong radical-scavenging activity can be attributed to the presence of phenolic compound in our extracts. Our results are similar to those obtained by Seghieiri and Zebidi (2018). 
Regarding the reducing power of iron, the results obtained showed that the aqueous and hydroethanolic extracts, like vitamin C, reduce Fe3+ ions to the Fe2+ form. These results suggest that the aqueous and hydroethanolic extracts have antioxidant power close to that of vitamin C (IC50 = 5.71 mg/mL and IC50 = 5.26 mg/mL) compared to the antioxidant power of vitamin C (IC50 = 4.16 mg/mL), thus confirming the results of the DPPH reduction method. The reducing power of the aqueous and hydroethanolic extracts of T. potatoria leaves is probably due to the presence of hydroxyl groups in phenolic compounds, which can act as electron donors in these two extracts. Our observations are similar to those of Dridi (2018), who studied the antioxidant activity of two species: Teucrium polium L. and Pituranthos chloranthus. The observed antioxidant activity would be due to the presence of phenolic compound, which are mainly acids  phenolics and flavonoids. Indeed, phenolic compound in general can easily donate an electron or a proton to neutralize free radicals (Seghieiri and Zebidi, 2018).

4. CONCLUSION
The present study focuses on the evaluation of the antibacterial, and antioxidant activities of aqueous and hydroethanolic extracts of T. potatoria. The data indicate that both extracts are rich in phenolic compounds, thus justifying their antioxidant and antibacterial activities on the strains studied. 
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