Original Research Article


Antioxidant and Antibacterial Activities of Aqueous and Hydroethanolic Extracts from the Pericarp of Garcinia mangostana L. (Clusiaceae)
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ABSTRACT 

	Aim: To carry out a phytochemical screening and to evaluate the antioxidant and antibacterial activity of aqueous and hydroethanol extracts from the pericarp of the fruit of Garcinia mangostana  (Clusiaceae). 

Methodology: Phytochemical screening was carried out using colorimetric tests for qualitative analysis and spectrometric assays for quantitative analysis. Antioxidant activity was assessed by FRAP and DPPH methods. Antibacterial activity was determined using the Broth Microdilution technique on 4 bacterial strains including Enterobacter cloacae, S. aureus, Escherichia coli, Pseudomonas aeruginosa. The bacterial isolates sought came from samples analyzed at the Microbiology Laboratory of the University Clinics of the Mountains, purified on nutrient agar.
Results:  Extraction yields varied from 1% to 2.76%. The highest yield was obtained by hydroethanol maceration (2.76%), while the lowest was obtained by aqueous maceration (1%). Phytochemical screening revealed the presence of alkaloids, flavonoids, saponins, phenols, tannins and anthocyanins, with a higher concentration of total phenols in each extract. In addition, the hydroethanol extract showed the best anti-free radical activity particularly when measured using the DPPH method, where the IC50 of 15.71 µg/mL was lower than that obtained with butylhydroxy toluene extract (IC50 of 17.91 µg/mL). Although the opposite result were obtained using the FRAP method (IC50 of 18.97 and 15.82 µg/mL respectively), the IC50 value remained below 20 µg/mL indicating strong antioxidant activity of hydroethanol extract. aqueous decoction In parallel, the same hydroethanol extract showed strong inhibition of Enterobacter cloacae (0.16µg/ml), S. aureus (0.32µg/ml) and Escherichia coli (0.64µg/ml), while Pseudomonas aeruginosa was inhibited with a lower concentration 0.24µg/ml of aqueous decoction than the other extracts. Conclusion: Hydroethanolic extracts of Garcinia mangostana  pericarp possess antioxidant and antibacterial properties, justifying their use in traditional medicine. 
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1. INTRODUCTION 

[bookmark: _Hlk135961701]Oxidative stress is included in a wide spectrum of diseases that have a significant impact on population health (Radia, 2014). It is implicated in various pathologies such as cardiovascular diseases, cancers, diabetes, neurodegenerative diseases (Alzheimer's, Parkinson's), and the aging process (Favier, 2003). Indeed, oxidative stress is caused by the presence of an excess of free radicals, the generation of which is stopped by antioxidant substances. However, synthetic antioxidants such as butylated hydroxytoluene (BHT) can be responsible for liver damage(Nakagawa, Tayama, Nakao, & Hiraga, 1984).
Furthermore, controlling bacterial infections is becoming increasingly complex. In addition to the phenomenon of multidrug resistance, access to synthetic antibiotics is extremely difficult for poor populations due to their high cost (Rolland, 2004). Faced with these situations, people are increasingly turning to medicinal plants for treatment because of their effectiveness, accessibility, and availability. Thus, traditional medicine could be an effective complement in managing oxidative stress and infectious diseases.
More than 80% of the African population uses for their healthcare needs, through pharmacotoxicological and chemical studies (Blé Marcel, 2010). To this end, based on several studies, numerous plants have demonstrated antioxidant and antibacterial activity, such as the fruit of Garcinia mangostana  .
[bookmark: _Hlk226610878]The mangosteen (Garcinia mangostana  ) is a tropical fruit prized for its edible pulp. This edible pulp represents only 30% of the total fruit, while the remaining pericarp and seeds are considered waste (Roersch, 2010). It is used in traditional medicine to treat numerous ailments in various countries. In Cameroon, an infusion of the bark is used as a vermifuge, and the pericarp is used for intestinal problems. A decoction of the pulp is used in Ivory Coast and China to treat dysentery and persistent diarrhea (Augustin, 1947).
[bookmark: _Hlk226610907]In view of the above, this study aims to evaluate the antioxidant and antibacterial activity of aqueous and hydro-ethanolic extracts of the pericarp of the fruit of Garcinia mangostana  L. (Clusiaceae).
2. material and methods 

[bookmark: _Toc137924716]2.1. Plant material
The plant material, consisting of the pericarp of the fruit of G. mangostana  ( see Appendix 4 ), was collected on August 12, 2022, between 6:00 and 7:00 a.m. in Manjo, Moungo Department, Littoral Region, Cameroon. Identification was carried out at the National Herbarium of Cameroon under number 25666/SRFCam. The fruits were dried in the shade at room temperature and then ground into a fine powder using a VINCO® Model Y2-132S1-2 mill.
[bookmark: _Toc137924717]2.1.2 Microbiological material
The tests were carried out on 04 strains of bacteria namely: Pseudomonas aeruginosa, Enterobacter cloacae, S. aureus and Escherichia coli. 
The bacterial isolates sought came from samples analyzed at the Microbiology Laboratory of the University Clinics of the Mountains, purified on nutrient agar.

[bookmark: _Toc136377194][bookmark: _Toc137924718]2.2 Preparation of extracts
Extraction was performed according to the method described by Bagre et al . (Omer Sheriff & Haresh Kumar, 2022). The different extracts were prepared by maceration and decoction. For this purpose, 100 g of fruit pericarp powder were weighed using a KERN® PLS balance (range: 0.01 g - 4800 g) and cold-macerated for 48 hours using 1 L of an ethanol-water mixture (70:30; V:V) for the hydroethanolic extract and 1 L of distilled water for 48 hours for the aqueous extract obtained by maceration. For the aqueous extract obtained by decoction, 100 g of powder were mixed with 1 L of distilled water and boiled for 15 minutes. The different products from each of these preparations were first filtered through cotton Hydro® and then through Whatman No. 2 filter paper. The filtrates obtained were evaporated using a rotary evaporator under reduced pressure at 40°C and dried in an oven (37°C) to obtain the dry extracts. The dry residues were then collected, weighed, and packaged for further study.
The different extraction yields were calculated using the following formula:
Yield (%) = (Mass of extract obtained (g) / Mass of initial powder (g)) x 100
In order to get an idea of the major groups of secondary metabolites present in the different extracts and their content, a qualitative phytochemical screening was carried out using colorimetric and precipitation methods followed by spectrometric analysis.

[bookmark: _Toc136377195][bookmark: _Toc137924719]2.3 Phytochemical Screening

The total polyphenol and flavonoid content of each G. mangostana  extract was determined using the method of Siddiqui (2017) (Siddiqui & Abdur, 2017). The tannin content was determined using the method of Ribereau-Gayon et al (1966) (Ribereau-gayon & Stonestreet, 1996)with some minor modifications.

[bookmark: _Toc137924723]2.3.1 Determination of total polyphenol content

The crude extract (50 mg) was mixed with 1 ml of Folin-Ciocalteu reagent diluted 10 times and 7.5 ml of distilled water. The mixture was kept at room temperature for 5 min, then 10 ml of 7% sodium carbonate was added, followed by incubation for 90 min at room temperature (18-25 °C). After incubation, the absorbance against a reagent blank was determined at 760 nm using a JENWAY 7305 UV /Visible spectrophotometer (United Kingdom). The total phenolic concentration of the extracts was expressed in mg/g gallic acid equivalent using the gallic acid calibration curve (R² = 0,9992). All samples were analyzed in triplets, and the results are expressed as mean ± standard deviation (Siddiqui & Abdur, 2017).

[bookmark: _Toc137924724]2.3.2 Determination of total flavonoid content
A volume of 0.833 mL of an 80 µg/mL extract was added to 120 µL of 5% sodium nitrite. After 5 min, 120 µL of 10% aluminum chloride was added, followed by the addition of 800 µL of 1 M NaOH after 6 min. The mixture was homogenized, and the absorbance of the reaction mixture was immediately read at 415 nm against a control using a UV/Visible spectrophotometer. The total flavonoid content of the extracts was expressed as mg/g quercetin equivalent using the quercetin calibration curve (R² = 0,9607) at different extract concentrations. All samples were analyzed in triplicate (Siddiqui & Abdur, 2017).
[bookmark: _Toc137924725]II.3.3 Determination of total tannin content
A 50 µL volume of each 1 mg/ml extract was added to 1500 µL of 4% vanillin/methanol and mixed. Then, 750 µL of concentrated HCl was added. The resulting mixture reacted at room temperature for 20 min. Absorbance was measured at 550 nm (measure of condensed tannins) against a blank containing only the vanillin solution. Different concentrations between 0.05 and 0.5 (CE)/g were prepared from a stock catechin solution, which allowed for the plotting of the calibration curve (R² = 0,9993). All samples were analyzed in triplicate (Ribereau-gayon & Stonestreet, 1996).

[bookmark: _Toc136377196][bookmark: _Toc137924726]2.4 Antioxidant activities
The evaluation of the antioxidant activity of G. mangostana  extracts was carried out by two methods: the DPPH radical scavenging method and the ferric iron to ferrous iron reduction method.

[bookmark: _Toc137924727]II.4.1 DPPH radical trapping method
This test aims to measure the extract's ability to scavenge the relatively stable free radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH). Scavenging this radical causes the initial solution to change color from dark purple to yellow following its reduction reaction (Molyneux, 2004). This color change can be monitored by spectrophotometry at 517 nm, allowing the antioxidant potential of a substance or plant extract to be determined. The protocol followed is described by Brand-Williams et al . (Molyneux, 2004)was used. In six dry test tubes, 100 µL of each extract dilution (1000 ppm, 500 ppm, 250 ppm, 125 ppm, 62.5 ppm, 31.5 ppm) was mixed with 1900 µL of DPPH methanolic solution (0.1mM). After shaking, the tubes were placed in the dark at room temperature for 30 minutes. The reading was then taken by measuring absorbance at 517 nm. In the negative control, the different dilutions of extract were replaced by 100 µL of methanol and in the positive control by dilutions of antioxidant references.
The percentage of inhibition (PI) was calculated using the following formula (Talbi, 2014)

The IC50 the concentration of extract required to scavenge 50% of DPPH radicals (EC50 ) , expressed in mg of antioxidant/g of DPPH or i(Nakagawa et al., 1984)n mg of antioxidant/mol of DPPH, was deduced by the formula below for pure molecules. The CI 50 was determined graphically using a regression equation of the form y = alnx + b; assuming each time that y= 50. The antiradical potential was determined according to the scale provided by Souris (Souris, 2002)which stipulates that the antiradical potential of a plant is considered high when the IC 50 < 20 µg/mL, moderate when 20 µg/mL ≤ the IC 50 ≤ 75 µg/mL and low when the IC 50 > 75 µg/mL.
The calculation of the antiradical power (AP), equal to the inverse of the effective concentration, was also carried out. The higher it is, the more effective the antiradical agent is (Nyegue, 2006).

[bookmark: _Toc137924728]
2.5. FRAP Method
The FRAP evaluation is based on the reduction of the ferric ion (Fe³+) to the ferrous ion (Fe²+) by an antioxidant compound. For this method, the ferric ion is complexed with 2,4,6-tripyridyl-s-triazine (TPTZ), and following the reduction of iron, the complex becomes colored. The reaction is revealed by the yellow color change of the ferric iron, which turns blue in the presence of the antioxidant. The antioxidant capacity is determined by a simple measurement of the absorbance at 700 nm (Ksouri & Megdiche, 2007). The reducing power of the extracts is determined according to the protocol described by Oyaizu (1986) [64]. In six dry test tubes, 250 µL of each extract at all concentrations (1000 ppm, 500 ppm, 250 ppm, 125 ppm, 62.5 ppm, 31.5 ppm) was mixed with 625 µL of 0.2 M phosphate buffer solution, pH 6.6, and 625 µL of a 1% potassium ferricyanide (K3[Fe(CN)6]) solution. The mixture was incubated in a water bath at 50°C for 20 minutes, after which 625 µL of 10% trichloroacetic acid (TCA) was added to stop the reaction. The tubes were centrifuged at 3000 rpm for 10 minutes using a SIGMA centrifuge. 625 µL of supernatant are mixed with 625 µL of distilled water and 125 µL of freshly prepared 0.1% iron (III) chloride (FeCl3) solution . The optical densities of the reaction medium were read at 700 nm against a blank similarly prepared by replacing the extract with distilled water (Valère, 2022)
[bookmark: _Toc137924729]The percentage of inhibition (PI), IC50 , EC50, and the reducing power (PR) required to reduce 50% of the ferric complex, expressed in mg of antioxidant/g of FeCl3 or in mg of antioxidant/mol , were determined in the same way as before.

2.5. Antibacterial activities
[bookmark: _Toc137924732]2.5.1. Antibacterial activity test of extracts 
[bookmark: _Toc137924733]2.5.1.1. Sterility test of the extract

The purpose of this test was to ensure that the extracts were not contaminated by bacteria that could interfere with the interpretation of the results after incubation. Sterility was verified by inoculation onto Mueller-Hinton agar followed by incubation for 24 hours at 37°C. Extracts were declared sterile if no colonies were visible to the naked eye on the agar at the end of the incubation period.
[bookmark: _Toc137924734]II.5.1.2 Antibacterial profile of the study strains
The antibacterial profile of the study strains was performed to test, in vitro and on culture media, the susceptibility of the bacterial strains to known antibiotics. The antibacterial resistance profile of the strains of interest is recorded in Table 1.

[bookmark: _Toc137921293][bookmark: _Toc137923796]Table 1: Antibacterial resistance profile of strains of interest
	
	CIP
	CEF
	CEX
	AZT
	AMC

	EC
	S
	S
	S
	S
	C

	EB
	S
	S
	R
	R
	R

	SA
	S
	S
	R
	S
	R

	PA
	S
	S
	C
	R
	R


EB : Enterobacter cloacae ; EC : Escherichia coli ; SA : Staphyloccus aureus ; PA : Pseudomonas aeruginosa ; CIP : Ciprofloxacin ; CEF : Ceftriaxone ; CEX : Cefixime ; AZT : Azythromycin ; AMC : Amoxicillin/Clavulanic acid ; S : Sensitive ; R : Resistant ; C : Critical

[bookmark: _Toc126860805][bookmark: _Toc137924735]2.5.3.3 Determination of Minimum Inhibitory Concentration (MIC) by Broth Microdilution Method
The protocol used was that described by Valère et al. (Valère, 2022)with some minor modifications. A 1 mL volume of Mueller-Hinton broth (MHB) was introduced into a series of ten (10) tubes and maintained at 37°C for each extract. The entire set was sterilized at 121°C for 15 minutes in an autoclave. After sterilization, 400 µL of the stock solution of each extract was introduced into the tubes containing the MHB. Following the arrangement of the tubes, successive serial dilutions in a 2:1 ratio were performed. After introducing the extracts, the tubes were removed from the water bath and then tilted at a 45° angle to create a slope. Five hours later, a calibrated platinum loop was used around a Bunsen burner to aspirate a volume of 0.5 McFarland standard inoculum, which was then used to streak the slope. The tubes were then incubated at 37°C for 24 hours in an incubator [65]. The Minimum Inhibitory Concentration (MIC) of each extract was recorded as the lowest concentration that prevented bacterial growth. Antimicrobial potential was determined according to the scale provided by Kuete. [60], which stipulates that the antimicrobial potential of a plant is considered high when MIC ˂ 100 µg/ml, moderate when 100 µg/ml ≤ MIC  ≤ 625 µg/ml and low when MIC > 625µg/ml.

[bookmark: _Toc126860807][bookmark: _Toc137924736]2.5.3.4 Determination of the Minimum Bactericidal Concentration (MBC)
In tubes showing no bacterial growth, 1 mL of sterile MHB was introduced and incubated for 24 hours, after which growth was indicated by turbidity of the broth. CMB was considered to have the lowest extract concentration among tubes without turbidity (Valère, 2022).
[bookmark: _Toc126860808][bookmark: _Toc137924737]II.5.3.5 Evaluation of the CMB/CMI report
The CMB/CMI ratio has been used to define the bacteriostatic or bactericidal properties of a substance. A ratio greater than or equal to 4 indicates that the substance is bacteriostatic; if this ratio is less than 4, the substance is said to be bactericidal. If it is equal to 1, then it is said to be "absolutely bactericidal" (Djeussi et al., 2013).

[bookmark: _Toc137924738]2.5.4 Statistical Analysis of Data 

Data were analyzed using SPSS 22 for Windows (SPSS, Inc., Chicago, IL, USA). One-way ANOVA was used to compare the means of more than two groups. Subsequently, Duncan's post-hoc test was used for pairwise comparisons. Analysis of the experimental design data was performed using Mintab 19 Centurion software, version 17.1.8. The significance level was set at p < 0.05.

3. results and discussion

[bookmark: _Toc136377198][bookmark: _Toc137924740]3.1 Extraction Yield
The yields and characteristics of the different extracts obtained are recorded in Table 2.
[bookmark: _Toc137921294][bookmark: _Toc137923797]Table 2: Extraction yields of Garcinia mangostana  L.
	Extracts
	Initial masses
Powders (g)
	Mass of extracts (g)
	Yields (%)
	Features
Organoleptic characteristics

	DAq
	100
	1.40
	1.40
	Chestnut in the form of chips

	MHe
	100
	2.76
	2.76
	Chestnut in chip form

	MAq
	100
	1
	1
	Brown, sticky, pasty


DAq : Aqueous Decoction; MHe : Hydro-ethanolic Maceration; MAq : Aqueous Maceration.
Table 2 shows that the highest yield was obtained by hydroethanolic maceration of the fruits with a value of 2.76% and the lowest was obtained by aqueous maceration with a value of 1%.
[bookmark: _Toc136377199][bookmark: _Toc137924741]3.2 Phytochemical composition
The results of the search for the different groups of secondary metabolites and their content in the different extracts are recorded in Tables 3 and 4.
[bookmark: _Toc130190622][bookmark: _Toc137921295][bookmark: _Toc137923798]Table 3 : Composition phytochemicals of Garcinia mangostana  L. extracts.
	Chemical groups
	DAq
	Maq
	MHe

	Alkaloids
	+
	+
	+

	Tannins
	+
	+
	+

	Flavonoids
	++
	+
	+++

	Saponins
	+++
	+++
	+++

	Phenols
	++++
	++++
	++++

	Anthocyanins
	+++
	+++
	+++

	Steroids
	-
	-
	-


- : absent; + : low presence; ++ : moderate presence; +++ : high presence; ++++ : widespread presence;  MAq : Aqueous Maceration; DAq : Aqueous Decoction; MHe : Hydro-ethanolic Maceration.

[bookmark: _Toc137921296][bookmark: _Toc137923799]Table 3 shows that alkaloids, flavonoids, phenols, saponins, anthocyanins and tannins are present in all extracts while steroids are absent in all extracts.


Table 4 : Quantitative phytochemical composition of Garcinia mangostana  L.
	Chemical groups
	Daq (mg/ml)
	MAq(mg/ml)
	MHe (mg/ml)

	Phenols (GAE)
	1.48
	1.16
	1.85

	Flavonoids QE
	0.31
	0.25
	0.47

	Tannins	CE
	0.13
	0.11
	0.16


Daq : Aqueous decoction;  Maq : Aqueous maceration;  MHe : Hydroethanolic maceration; GAE: mg/g gallic acid equivalent; QE: mg/g quercetin equivalent; CE: mg/g catechin equivalent ()
The aqueous extract obtained by decoction had a phenol concentration of 1.48 GAE, a flavonoid concentration of 0.31 QE, and a tannin concentration of 0.13 CE. The aqueous extract obtained by maceration had a phenol concentration of 1.16 mg/mL, a flavonoid concentration of 0.25 mg/mL, and a tannin concentration of 0.11 mg/mL. The hydroethanolic extract had a phenol concentration of 1.85 mg/mL, a flavonoid concentration of 0.47 mg/mL, and a tannin concentration of 0.16 mg/mL.

[bookmark: _Toc136377200][bookmark: _Toc137924742]3.3 Antioxidant activities
The antioxidant activity of the extracts was evaluated by the DPPH test, the FRAP method and expressed as IC50 .

[bookmark: _Toc137924743]3.3.1 FRAP (Ferric Reducing Antioxidant Power) Method
The presence of molecules capable of reducing ferric iron (Fe3+) to ferrous iron (Fe2+) is indicated by a blue color change. Absorbance curves as a function of extract, BHT, and vitamin C concentration are summarized in Figure 1.

[bookmark: _Toc138056793]Figure 1: Variation in the percentage reduction of Garcinia mangostana  L. extracts , vitamin C, and BHT with respect to iron (Fr 3+ ) as a function of concentration
Dec ED : Aqueous decoction; Mac ED : Aqueous maceration; ED+AC : Hydroethanolic maceration; Vit C : Vitamin C; BHT : Butyl Hydroxy Toluene.

From Figure 1, we can see that the trapping percentages increase with extract concentrations. These percentages allowed us to obtain the IC50, EC50, and PA values, which are shown in Table 5 below.
[bookmark: _Toc137923800]
Table 5: Antioxidant activities of Garcinia mangostana  L. extracts : IC50 , EC50 and PA values obtained by the FRAP method
	Extract
	IC 50 (µg/ml)
	EC 50 (µg/mol)
	PA (mol/µg)

	DAq
	22,48
	2248
	4,4 × 10-4

	MAq
	21,25
	2125
	4,7 × 10-4

	MHe
	18,97
	1897
	5,2 × 10-4

	BHT
	15,82
	1582
	6,3 × 10-4

	Vit c
	13,23
	1323
	7,5 × 10-4


Dec ED : Aqueous decoction; Mac ED : Aqueous maceration; ED+AC : Hydroethanolic maceration; Vit C : Vitamin C; BHT : Butyl Hydroxy Toluene.

According to Table 5, the hydroethanolic extract with an IC50 < 20 µg/ml exhibits strong antioxidant activity. Aqueous extracts with IC50 < 20 µg/ml, on the other hand, have moderate activity. The hydroethanolic extract demonstrates the best inhibition with an IC50 of 18.97 µg/ml compared to aqueous extracts including aqueous decoction (IC50 of 22.48) and aqueous maceration (IC50 of 21.25) respectively. Its free radical scavenging capacity is 1.18 times greater than that of the extract obtained by aqueous decoction and 1.12 times greater than that of the extract obtained by aqueous maceration. The hydroethanolic extract exhibits superior free radical scavenging activity compared to aqueous extracts. Since vitamin C and BHT are reference compounds, the free radical scavenging capacity of the hydroethanolic extract is closer to that of BHT.

[bookmark: _Toc137924744]3.3.2. DPPH (1,1-diphenyl-2-picrylhydrazyl) radical trapping
The free radical scavenging activity was determined by evaluating the percentages of DPPH scavenging as a function of different extract concentrations and references (vitamin C, BHT). The results obtained are shown in the figure below:

[bookmark: _Toc138056794]Figure 2: Variation in the percentage of DPPH scavenging as a function of the concentration of Garcinia mangostana  L. extracts , Vit C and BHT
Dec ED : Aqueous decoction; Mac ED : Aqueous maceration; ED+AC : Hydroethanolic maceration; Vit C : Vitamin C; BHT : Butyl Hydroxy Toluene.
Figure 2 shows that the trapping percentages increase with extract concentrations. These inhibition percentages yielded the IC50, EC50, and PA values shown in Table 6.

[bookmark: _Toc137921297][bookmark: _Toc137923801]Table 6: IC50, EC50 and PA values obtained by the DPPH method
	Extract
	IC 50 (µg/ml)
	EC 50 (µg/mol)
	PA (mol/µg)

	DAq
	17.12
	488
	2.3 × 10⁻³

	MAq
	19.97
	499.25
	2 × 10⁻³

	MHe
	15.71
	392.75
	2.5 × 10⁻³

	BHT
	17.91
	447.75
	2.2 × 10⁻³

	Vitamin C	
	2.63
	65.75
	1.5 × 10⁻³


 DAq : Aqueous Decoction; MAq : Aqueous Maceration ; MHe : Hydroethanolic Maceration; BHT : Butyl Hydroxytoluene; Vit C : Vitamin C

Table 6 shows that all extracts with an IC50 <20 µg/ml exhibit strong antioxydant activity. The hydroethanolic extract, with an IC50 of 15.71 µg/ml, demonstrates the best inhibition. Its free radical scavenging capacity is 1.08 times greater than that of the extract obtained by aqueous decoction and 1.25 times greater than that of the extract obtained by aqueous maceration. The hydroethanolic extract thus exhibits superior free radical scavenging activity compared to the other extracts.
Since vitamin C and BHT are references, the hydroethanolic extract has an IC50 lower than that of BHT but higher than that of Vit C.

[bookmark: _Toc136377201][bookmark: _Toc137924745]3.4 Antibacterial Activity
[bookmark: _Toc137924746]3.4.1 Study of the antibacterial activity of G. mangostana  extracts
The results of the search for the different minimum inhibitory concentrations of the tested extracts are recorded in Table 7.
[bookmark: _Toc137923802]Table 7: Antibacterial activities of Garcinia mangostana  L. extracts : MIC, MBC, and MBC/MIC ratios of each extract
	
	DAQ
	MAQ
	MHE

	
	MIC
(µg/mL)
	MBC (µg/mL)
	MBC/ MIC

	MIC
 (µg/mL)
	MBC
(µg/mL)
	MBC/ MIC

	MIC
(µg/mL)
	MBC
(µg/mL)
	MBC/ MIC


	EB
	31.25
	62.5
	2
	3,90
	7,81
	2
	0,16
	0,16
	1

	PA
	0,24
	0,24
	1
	31,25
	31,25
	1
	2,57
	10,31
	4

	SA
	15,62
	31,25
	2
	15,62
	15,62
	1
	0,32
	0,64
	2

	EC
	3,90
	7,81
	2
	31,25
	62,5
	2
	0.64
	0.64
	1


EB : Enterobacter cloacae ; EC : Escherichia coli ; SA : Staphyloccus aureus ; PA : Pseudomonas aeruginosa MAQ : Aqueous maceration ; DAQ : Aqueous decoction; MHE : Hydroethanolic maceration

According to Table 7, the hydroethanolic extract had a strong inhibitory effect on Enterobacter cloacae (MIC of 0.16µg/ml), S. aureus (0.32µg/ml), Escherichia coli (0.64µg/ml ) Pseudomonas aeruginosa (0.24 µg/ml) was inhibited with a lower concentration of aqueous decoction compared to the other extracts. With MICs ranging from 0.16 to 31.25 µg/ml, all are below 100 µg/ml, thus demonstrating the high antibacterial activity of each extract.



[bookmark: _Toc137923803]Table 8 : Effect of Garcinia mangostana  L. extracts on the organism of interest as a function of the CMB/MIC ratio
	
	DAQ
	MAQ
	MHE

	EB
	Bactericide
	Bactericide
	Absolute bactericide

	PA
	Absolute bactericide
	Absolute bactericide
	Bacteriostatic

	ITS
	Bactericide
	Absolute bactericide
	Bactericide

	EC
	Bactericide
	Bactericide
	Absolute bactericide



Table 8 shows that G. mangostana  extracts have antimicrobial power against Escherichia coli, S. aureus, Pseudomonas aeruginosa and Enterobacter cloacae and can be bactericidal/bacteriostatic depending on the extraction method and the germ, except for aqueous maceration which was bactericidal against all germs and in particular absolute bactericidal against S. aureus and Pseudomonas aeruginosa.
[bookmark: _Toc137924747]
3.5. DISCUSSION
This study investigated the antioxidant and antibacterial activities of the pericarp of G. mangostana  fruit . The plant material consisted of the fruit pericarp because this part is reported to have a high concentration of secondary metabolites with antioxidant and antibacterial potential (Trease & Evans, 2002). To carry out this work, extraction from the dry powder of the pericarp was performed using solvents of different polarities: distilled water, ethanol, and an ethanol/ water mixture in a 70/30 (v/v) ratio. The extraction yields were 2.76%, 1.40%, and 1% for the extracts obtained by hydroethanolic maceration, aqueous decoction, and aqueous maceration, respectively. The hydroethanolic maceration, which showed the highest yield, demonstrates its greater extraction capacity compared to maceration and aqueous decoction. Our results are consistent with those reported in the literature and can be explained by the fact that using solvents with different polarities allows the compounds in the crude extract to be separated according to their degree of solubility in the extraction solvent. This method, carried out at room temperature, allows for the extraction of the maximum number of compounds and prevents their denaturation or probable modification due to high temperatures (A. Bourgou & Cheng-Wu, 2009). According to the results of Bourgou et al . (S. Bourgou, Beji, Medini, & Ksouri, 2016), the extraction power of the solvent significantly influences the yield; the mixed solvent proves to be particularly effective. Subsequently, extracts of G. mangostana  underwent phytochemical analysis tailored to the desired activities. This allowed for the qualitative and quantitative determination, through colorimetric tests and assays, of the different groups of secondary metabolites present in the plant, as well as their concentrations. The primary reason for identifying these metabolites lies in the fact that the majority of the plant's pharmacological effects are attributed to them. The results confirm the richness of the G. mangostana  fruit. Mangostana contains bioactive substances such as phenols, alkaloids, anthocyanins, saponins, flavonoids, and tannins, while steroids are absent in all extracts. Observation of the assay results reveals a variation in the levels of total phenols, total flavonoids, and total tannins depending on the solvent used, ranging from 1.16 to 1.85 mg/ml for total phenols, 0.25 to 0.47 mg/ml for total flavonoids, and 0.11 to 0.16 mg/ml for total tannins, with a higher concentration in each case in the hydroethanolic extract. These results are consistent with the work conducted by Shela et al. (Shela, Mamta, & Shiwani, 2011)who obtained a higher total polyphenol content in the hydroethanolic extract than in the other extracts. However, our results contradict in some respects those of the study by Assemian et al . (Assemian, Guessennd, Adou, & Dosso, 2022)who noted the presence of steroids in the hydroethanolic extract during the staining tests. Furthermore, according to the work of Monrudee et al. in 2011 , total tannins have a higher content than total flavonoids in all extracts, which is not the case in the present study. Indeed, the synthesis and accumulation of secondary metabolites vary according to biotic factors (related to the plant itself) and abiotic factors (related to the environment in which the plant grows). Biotic factors include the part of the plant used, the age of the plant at harvest or the stage of development while abiotic factors are climate, season, time and place of harvest, application of fertilizers, crop density (Monrudee & Tanasait, 2011).
Regarding antioxidant activity, several methods can be used in vitro . The methods applied in our study are DPPH free radical scavenging and the FRAP method. These methods were chosen due to their simplicity, speed, sensitivity, and reproducibility. Using the DPPH radical scavenging method, the IC50 values are approximately 19.97 µg/ml for the aqueous extract obtained by maceration, 17.12 µg/ml for the aqueous decoction extract, and 15.71 µg/ml for the hydroethanolic extract. The higher the IC50 , the lower the free radical scavenging capacity and therefore the lower the antioxidant activity, as it represents the amount of antioxidant required to reduce the free radical concentration by 50%. That said, the hydroethanolic extract has a higher antioxidant capacity than the other extracts and the reference antioxidant (BHT), which has an IC50 of 17.91. These results are close to those of Abdul et al. (Abdul & Sophie, 2019)who obtained an IC50 of 18.81 µg/ml with the hydroethanolic extract and different from those of Nuttavut et al in 2007 who obtained for the hydroethanolic extract an IC50 of 11.40 µg/ml (Nuttavet, Youn-Hee, & Primchanien, 2007).
Regarding FRAP, according to the IC50 parameter, the hydroethanolic extract was once again the most active (18.97 µg/ml), followed by the aqueous extract obtained by maceration (21.25 µg/ml) and finally the aqueous extract obtained by decoction (22.42 µg/ml), all lower than those of the vitamin C and BHT references. According to the work conducted by Tanasit et al. (2010), the extract obtained by aqueous maceration had better antioxidant activity than the hydroethanolic extract; these results differ from those of the present study.
The different activities observed could be due to the diversity of secondary metabolites. The free radical scavenging effect of flavonoids depends on the presence of free OH groups, specifically the C2-C3 double bond (Neha & Soumya, 2022). Furthermore, phenolic compounds, terpenoids, and ascorbic acid are potent antioxidants and free radical scavengers (ROS, hydroxyl radicals, and nitric oxide) that can act as electron donors, reducing agents, and metal chelators. In addition, polyphenols have been shown to possess very interesting lipid peroxidation inhibition properties, as well as free radical scavenging properties against superoxide anions (Neha & Soumya, 2022). Thus, the hydroethanolic extract, being richer in total polyphenols, exhibits more significant antioxidant activity.
Finally, the antibacterial activity of our extracts was demonstrated by the solid-state dilution method against four bacterial strains: S. aureus, Escherichia coli, Pseudomonas aeruginosa , and Enterobacter cloacae. The hydroethanolic extract exhibited strong inhibitory activity against Enterobacter cloacae (MIC of 0.16 µg/ml), S. aureus (0.32 µg/ml), and Escherichia coli (0.64 µg/ml). Pseudomonas aeruginosa (0.24 µg/ml) was inhibited with a lower concentration of aqueous decoction compared to the other extracts. Our MICs ranged from 0.16 µg/ml to 31.25 µg/ml. According to Kuete's (2010) classification, since all MICs were below 100 µg/ml, each extract demonstrated strong antibacterial activity. However, in general, the lowest MIC was that of the hydroethanolic extract , which also had a greater effect on most of the bacteria. This extract proved superior to the others. These results are consistent with a previous study that demonstrated the antimicrobial effect of the hydroethanolic extract on Escherichia coli (Valère, 2022). Similarly, Yin SZE et al. (Yin & Stefanie, 2013)proved that Pseudomonas aeruginosa was more sensitive to the aqueous decoction extract, as obtained in our results. These activities could be explained by the presence of phenolic compounds. The different classes of polyphenols, primarily tannins and flavonoids, can increase the toxicity of extracts towards microorganisms. This toxicity depends on the site and number of hydroxyl groups present on the phenolic compound. Furthermore, it is evident that increased hydroxylation leads to increased toxicity. The antimicrobial effect of these phenols can be explained by the inhibition of bacterial growth following their adsorption onto cell membranes, interaction with enzymes and effectors, or deprivation of substrates and metal ions. According to the work of Cushnie et al . (Cushnie & Lamb, 2011), flavonoids act through various mechanisms such as: inhibition of topoisomerase synthesis; Inhibition of bacterial cell wall synthesis and inhibition by perforation of the plasma membrane. Furthermore, Ngoupayo and Fouaguim (Ngoupayo & Fouaguim, 2016)reported that tannins inhibit bacterial growth by complexing enzymes (permeases) and proteins of the outer membrane of bacteria; inhibition of these enzymes disrupts the vital functions of microorganisms

4. Conclusion
In summary, our work confirms that the pericarp of Garcinia mangostana  is much more than a simple agricultural byproduct: it is a veritable reservoir of protective molecules, particularly polyphenols. The hydroethanolic extract proved particularly effective, exhibiting remarkable antioxidant activity and concrete antibacterial efficacy. These results provide a solid scientific basis for the traditional use of the plant and open up encouraging prospects for the development of natural solutions to the current challenges of antibiotic resistance.
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AMC: Amoxicillin/Clavulanic acid
AZT: Azithromycin
BHT: Butylated hydroxytoluene
CE: Catechin equivalent
CEF: Ceftriaxone
CEX: Cefixime
CIP: Ciprofloxacin
DAq: Aqueous Decoction
DPPH: 2,2-diphenyl-1-picrylhydrazyl
EB: Enterobacter cloacae
EC: Escherichia coli
EC50: Effective concentration 50%
FRAP: Ferric Reducing Antioxidant Power
GAE: Gallic acid equivalent
IC50: Half-maximal inhibitory concentration
MAq: Aqueous Maceration
MBC: Minimum Bactericidal Concentration
MHB: Mueller-Hinton broth
MHe: Hydroethanolic Maceration
MIC: Minimum Inhibitory Concentration
PA: Pseudomonas aeruginosa
QE: Quercetin equivalent
SA: S. aureus
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