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Phytochemical composition and antibacterial activity of a phytoremedy used in the treatment of childhood leukemia in Côte d’Ivoire 



.     
.
              . 
                     
	.
..


.



ABSTRACT 

	Aims: This study was conducted on a phytoremedy used in the treatment of childhood leukemia in Côte d’Ivoire. It provides a scientific basis for its phytochemical composition and antibacterial activity with the aim of enhancing its value.
Methodology: To achieve this, qualitative tests (mineral composition, detection tests, TLC), quantitative analyses (phenolic compound quantification), antioxidant activity (DPPH, FRAP), and antibacterial assays were performed. 	Comment by UHP: Mention the method of antibacterial assay
Results: Qualitative analysis revealed the presence of phenolic compounds (flavonoids, tannins, and coumarins), alkaloids, sterols and polyterpenes, saponins, proteins, and sugars. The mineral composition showed 14 elements, with significant levels of calcium (Ca), potassium (K), magnesium (Mg), and silicon (Si). Quantification revealed notable and variable concentrations of phytoconstituents in the decoction (total phenolics: 360.55 mg GAE/g DM ; total flavonoids: 116.85 mg QE/g DM ; condensed tannins: 62.13 mg CE/g DM ; hydrolysable tannins: 138.80 mg GAE/g DM and total coumarins 49,09 mg CE/g DM) compared to the macerate and infusion. Furthermore, the extracts demonstrated good antiradical activity in both DPPH and FRAP assays. The antibacterial activity also showed an effect of the extracts on Escherichia coli and Staphylococcus aureus.
Conclusion: The results of this study could provide scientific support for the pharmacological activity attributed to this phytoremedy.
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1. INTRODUCTION	Comment by UHP: Add the spesific advantages of Cancibax as a herbal remdies

Plants have always been essential and major resources in phytotherapy. In developing countries, there is a marked reliance on remedies derived from indigenous plants, as modern therapy is often expensive [1]. Most of these herbal remedies, used to treat various pathologies, have not been the subject of scientific studies that would allow for an understanding of their phytochemical composition and the pharmacological activities attributed to them, with the aim of enhancing their value. In Côte d’Ivoire, childhood leukemia is a public health concern, ranking as the second most common cancer among children, with high mortality rates and limited access to specialized treatments [2]. This hematologic disease is characterized by the excessive and abnormal production of immature white blood cells, which replace normal blood cells and disrupt normal blood function. In sub-Saharan Africa, it remains underdiagnosed due to structural limitations in healthcare systems. The issue is compounded by several factors: delayed diagnosis, lack of oncology infrastructure, and limited access to specific therapies [2]. Given this situation, the search for natural and effective remedies is essential. Today, it has been demonstrated that medicinal plants remain a viable source of anticancer phytoconstituents [3, 4]. The aim objective is to conduct a phytochemical and antioxidant analysis, and to determine the antibacterial activity of a herbal remedy (named Cancibax) used in the treatment of childhood leukemia in Côte d’Ivoire.

2. material and methods

2.1 Material

Cancibax powder is the plant material for study obtained in Abidjan. The bacterial strains used for antibacterial activity were sourced from the biobank of the Institut Pasteur of Abidjan (IPCI), and include the following: Escherichia coli, Staphylococcus aureus ATCC, Staphylococcus aureus 068, Pseudomonas aeruginosa ATCC, and Pseudomonas aeruginosa 363. The organic solvents used were commercially purchased and are of analytical grade purity.  	Comment by UHP: Add the identification certificate number of Cancibax plant which used

2.2 Methods

2.2.1 Preparation of extracts  

Total extracts: 45g of Cancibax are extracted by decoction, infusion and maceration in 600 ml of distilled water for 30 minutes. After filtration on Büchner, the filtrates are reduced to lyophilisates (Alpha 2-4 LD Plus). The extracts obtained by decoction (DL), infusion (IL) and maceration (ML) were used to perform chemical tests and antibacterial activity. 
Selective extracts: They were obtained by direct exhaustion of the powder with 15 ml of solvents of increasing polarity: 3×5 ml hexane (CslI), 3×5 ml dichloromethane (DCM) (CslII), 3×5 ml ethyl acetate (AcOEt) (CslIII) and 3×5 ml n-Butanol (n-BuOH) (CslVI).  
The extraction yields are calculated according to the formula: 
Yields (%) =  × 100   m1 : dry extract mass ; m0 : initial powder mass

2.2.2 Qualitative tests

Phytochemical screening was carried out on the powder using, on one hand, precipitation and color reaction tests [5, 6] to detect various phytoconstituents (polyphenols, coumarins, flavonoids, tannins, quinones, chalcones and aurones, saponins, cardiotonic glycosides, sterols and polyterpenes, alkaloids, and oligosaccharides). On the other hand, phytocompounds were identified through thin-layer chromatography (TLC) using selective extracts [6].

2.2.3 Quantitative tests

2.2.3.1 Elementary chemical composition 

They are quantified by inductively coupled plasma emission spectroscopy (ICP-ES) according to the protocol described in method IP501. The sample, incinerated at 550°C, is ionized by injection into an argon plasma emission spectrometer. The sample is introduced into the plasma and undergoes changes in state of evaporation and ionization under the action of a time-varying electric current. The electrons are ionized and emit a photon whose emitted energy is characteristic of the element sought when they return to their ground state. The light emitted by the element of interest is detected, measured, and its intensity compared to a calibration curve established from a solution of the same chemical element [7]. The results are expressed in ppm (mg/100 g).

2.2.3.2 Quantification of certain phytocompounds

The phytocompound contents were determined in the DL, IL, and ML extracts using various spectrophotometric methods.
Total Phenolic (TP) contents: The Folin-Ciocalteu colorimetric method, with some modifications [8] was used. To 1 ml of each extract diluted 1/10; 1.5 ml of sodium carbonate (Na2CO3) (17%, m/v) and 0.5 ml of Folin-Ciocalteu reagent (0.5N) were added. After 30 min of incubation at room temperature and in the dark, the absorbance of the mixture was read at 760 nm using a UV-visible spectrophotometer (Spectro AL 800) compared to a blank without extract. Total phenolics (TP) were quantified according to a regression equation (y= ax + b) using gallic acid as standard at different concentrations (0.00078125 to 0.1 mg/ml) under the same conditions as the sample. The TP contents results were expressed in milligrams of gallic acid equivalent per gram of dry matter (mg GAE/g DM). 
[bookmark: _Hlk209435687]Total Flavonoid (TF) contents: 0.01 g of total extract was dissolved in 10 ml of distilled water and then diluted to 1/10. To 2 ml of the diluted extract, 2 ml aluminum chloride (AlCl₃) (2%, w/v) in methanol was added. The absorbance of the mixture, after 15 minutes of incubation in the dark, was measured at 415 nm using a UV-visible spectrophotometer (Spectro AL 800) [9]. A calibration curve was established using quercetin (0.00078125 to 0.1 mg/ml). Total flavonoids (TF) were expressed as milligrams of quercetin equivalent per gram of dry matter (mg QE/g DM). 
Condensed Tannins (CT) contents: Condensed tannins contents were determined on decoction, macerate and infusion as previously described with slight modifications [10]. To 0.2 ml of extract are added 1.5 ml of a methanolic solution of vanillin (4%, m/v) and 0.75 ml of concentrated hydrochloric acid (HCl). The absorbance of the mixture is read at 500 nm with a UV-visible spectrophotometer (Spectro AL 800) after 15 min of incubation in the dark. Condensed tannins were determined from the calibration line established with catechin (0.00078125 to 0.1 mg/ml), and expressed in milligrams of catechin equivalent per gram of dry matter (mg CE/g DM).
Hydrolyzable Tannins (HT) contents: This method is based on the formation of a violet-red coloring complex between tannins and iron trichloride (FeCl3) [11]. 0.01 g of extract is dissolved in 10 ml of ethanol (80%). 3.5 ml of a FeCl3 solution (0.01 M in 0.001 M HCl) is added to 1 ml of the solution diluted to 1/10. The absorbance is read at 660 nm using a UV-visible spectrophotometer (Spectro AL 800). HT are deduced from a calibration curve established with gallic acid (0.1 to 0.00078125 mg/ml) and expressed in milligrams of gallic acid equivalent per gram of dry matter (mg GAE/g DM).
Total Coumarins (CT) contents: This method is based on the solubility of free coumarin derivatives in polar organic solvents and the solubility of alkaline phenolates [12]. From a methanolic solution of 2H-1-benzopyran-2-one (2H-BP at 100 μg/ml) diluted to 1/10th, 2.5 ml are taken to perform a scan from 190 to 600 nm to determine the maximum absorption wavelength. Subsequently, 5 mg of extract is dissolved in 10 ml of MeOH (80%), shaken and filtered. The absorbance of the extract is measured with a spectrophotometer (Spectro AL 800) at the maximum absorption wavelength of the reference. The TC contents were determined from the calibration line of 2H-BP (from 0.1 to 0.00078125mg/ml) under the same conditions and expressed in milligram equivalent 2H-BP per gram of dry matter (mg E2H-BP /g DM).

2.2.4 Assessment of antiradical potential

2.2.4.1 DPPH radical test

The antiradical potential of the extracts was evaluated by the 2,2'-diphenyl-1-picrylhydrazyl (DPPH) radical reduction test with slight modifications [13]. The DPPH radical was solubilized in ethanol (EtOH, 96%) to obtain a solution of 0.03 mg/ml. Different concentration ranges (0.1; 0.05; 0.025; 0.0125; 0.00625 mg/ml) of each extract were prepared in EtOH. The mixture of the extract (1 ml) and the DPPH solution (2.5 ml) is introduced into the UV-visible spectrophotometer tank (Spectro AL 800). The absorbance of the reaction mixture is read at 517 nm every 1 min for 30 min compared to a white and vitamin C is the reference antioxidant. The percentages of reduction (PR) of DPPH were calculated from the equation followed by the graphical determination of the concentration that reduces 50% of DPPH (CR50).

Ab: absorbance of blank ; Ae: absorbance of extract

2.2.4.2 FRAP test

The principle is based on the reduction of chelated ferric ions (Fe3+) into ferrous ions (Fe2+). The mixture of sodium acetate (0.3 M; pH: 3.6) and 2,4,6-Tri (2-pyridyl)-s-triazine (TPTZ) (10 mM) prepared in a solution of hydrochloric acid (HCl, 40 mM) and iron trichloride (FeCl3, 20 mM) in the proportion 10:1:1 was used as reagent. To perform the test, 100 μl of extract (0.2 mg/ml) was added to 3 ml of FRAP reagent and preheated at 37°C in a water bath. The absorbance of intense blue color induced by reduction of ferric complex (TPTZ) was read with UV-visible spectrophotometer (Spectro AL 800) at 593 nm after 5 min incubation. Trolox is the reference used as the positive control under the same conditions. The calibration curve of trolox and the results obtained are expressed in mM trolox equivalent [14, 15].

2.2.5 Antibacterial activity

Sterility test : The extracts were seeded on MH agar plates and incubated at 37°C for 24 h. Subsequently, they are declared sterile, if no microbial growth is visible on the agar plates [16, 17]. 
Efficiency test : Concentrations of extracts (25, 50 and 100 mg/ml) were prepared and deposited in wells on previously seeded agar plates. The sterile distilled water served as a negative control [18, 19]. 
Determination of MIC and MBC : Minimum inhibitory and minimum bactericidal concentrations (MIC and MCB) were determined by the liquid dilution method [20]. The MBC/MIC ratio was used to clarify the mode of action of the extracts against bacterial strains [16].
3. results and discussion	Comment by UHP: Add the discussion about emphasize that Cancibax shows both antioxidant and antibacterial dual activity, which may provide supportive therapy in immunocompromised leukemia patients

3.1 Elemental content of the recipe

The results of the analysis show the presence of 16 mineral elements in varying concentrations. The elements Si (932.4 mg/100g), K (472.4 mg/100g), Ca (261.3 mg/100g), Mg (212.3 mg/100g), Fe (67.7 mg/100g) and P (47.1 mg/100g) have remarkable levels (Table 1). Their presence is particularly interesting given that some are cofactors, biocatalysts that are essential for the proper functioning of protein, enzyme and genetic systems. They are also known to maintain health and prevent numerous diseases, but above all, they help protect against oxidative stress [21, 22]. Alone or in combination, they have major functions and act with hormones according to the needs of specific organelles [23].

Table 1. Elemental content of the recipe
	Content in mg/100g

	Al
	Ba
	Ca
	Cd
	Cr
	Cu
	Fe
	K
	Mg

	67.5
	13
	261.3
	0
	4.3
	0.7
	67.7
	472.4
	212.3

	Na
	Ni
	P
	Pb
	Si
	Ti
	V
	Zn
	

	7.8
	3.4
	47.1
	1.4
	932.4
	6.8
	0.2
	1.2
	


Al : Aluminium ; Ba : Barium ; Ca : Calcium ; Cd: Cadmium ; Cr : Chromium ; Cu : Copper ; Fe : Iron ; K : Potassium ; Mg : Magnesium ; Na : Sodium ; Ni : Nickel ; P : Phosphorus ; Pb : Lead ; Si : Silicium ; Ti : Titanium ; V : Vanadium ; Zn : Zinc

Ca is essential for proper functioning, membrane permeability and cell replication. It also plays a key role in mineralisation and skeletal structure and is necessary for many biological functions such as muscle contraction, blood clotting, hormone release and enzyme activation [24]. As for Mg, insufficient intake can have a detrimental impact on the neuromuscular, cardiovascular, renal and gastrointestinal systems, as well as on neurons [25]. K is involved in muscle cells, red blood cells, neurons and the internal chemical balance of cellular environments. Silicon regulates cell division, fights cancer cells and activates lymphocytes, which play an important role in the immune system. Stimulation of lymphocytes promotes the destruction of cancer cells, while regulation of cell division limits the reproduction of cancer cells [26].

3.2 Qualitative phytochemical profile

3.2.1 Phytochemical screening by detection tests

The phytochemical screening revealed the presence of several families of metabolites: polyphenols (flavonoids, chalcones, aurones, coumarins and tannins), alkaloids, sterols and polyterpenes, saponins, proteins and sugars (Table 2). Tests for quinones and cardiotonic glycosides were negative. The families detected have various biological properties, such as anti-inflammatory and anti-carcinogenic activities [27], which could justify the use of phytotherapy in the treatment of leukemia.






Table 2. Phytochemical composition by detection tests
	Polyphenols
	Flavonoids
	Chalcones and aurones
	Sterols and polyterpenes
	Cardiotonic glycosides 
	Oligosaccharides

	+ (FeCl3)
	+ (Shinoda Mg)
+ (Pew Zn)
	+(concentrated HCl )
	+ (CH3CO3CH3 / H2SO4)
	- (Liebermann-Buchard)
	+ (Molisch)
- (Seliwanoff)

	Alcaloids
	Tannins
	Saponins
	Coumarins
	Proteins
	Quinones

	+ (Dragendorff)
+ (Picric acid)
	+ (Stiasny)
	+ Fi = 200
	+ (Lactonic cycle )
	+ (CuSO4)
	- (Borntraeger)


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

3.2.2 Phytochemical composition by thin layer chromatography (TLC)

The results of the phytochemical analysis by TLC of the selective extracts confirmed the presence of several phytochemicals using a number of appropriate specific indicators. Terpenes, sterols, flavonoids, coumarins and anthocyanins were identified (Table 3).	Comment by UHP: Add the picture of the used TLC

[bookmark: _Toc27486112]Table 3. Phytochemical profile of selective extracts
	Extracts
	Possible compound : [Rf] color reagent

	CslI
	Terpenes : [0.19] Pa ; [0.33] G0-BPa ; [0.84] B0-Pa ; Triterpenes : [0.1] B0-Pb ; [0.21] Pb ; [0.70] Pb ; [0.94] Pb ; Sterols : [0.75] Ba ; [0.94] B0-GBa 

	CslII
	Flavonoids : [0.06] Y0-Ye ; [0.20] B0-Gd-Be ; [0.35] Ge ; [0.54] Be ; [0.75] GOr0-Ord-Ge ; [0.83] B0-YOre ; [0.89] Be ; [0.93] B0-Be ; Coumarins : [0.20] Gd ; [0.26] Gd ; [0.50] B0-Gc ; [0.75] GOr0-Gc ; [0.86] Yc-Bc ; Anthocyanins : [0.50] B0-Bd ; [0.80] B0-Bd 

	CslIII
	Flavonoids : [0.13] Ge ; [0.36] Be-Gf ; [0.45] Ge ; [0.50] Be-Bf; [0.80] B0-Orf-Gd ; [0.84] YOre-YOrd ; Coumarins : [0.30] B0 ; [0.36] B0-Gc ; [0.50] B0-Bc ; [0.59] Bd ; [0.80] Y0-Gd ; [0.86] B0-Gc ; [0.93] Yc-Bc ; Anthocyanins : [0.59] B0-Bd 

	CslVI
	Flavonoids : [0.54] Gd ; [0.68] Or0-Orf-Yd ; [0.76] Ba-YOre; [0.80] Bf; [0.86] B0-Be-Gd; Coumarins : [0.54] Gd ; [0.68] Or0-Yc ; [0.76] B0-Bd ; [0.86] B0-Gd; 
Anthocyanins : [0.76] B0-Bd


CslI : Hexane ; CslII : DCM ; CslIII : AcOEt ; CslVI : n-BuOH ; Before applying reagent (at 365 nm) : 0 ;  sulfuric vanillin : a ; Liebermann-Burchard : b ; KOH : c ; Ammoniac : d ; AlCl3 : e ; Neu : f ; Blue : B ; Purple : P ; Green : G ; Orange : Or ; Yellow : Y

Liebermann-Bürchard and sulfuric vanillin reagents were used to detect terpenes, triterpenes and sterols [28] in CslI. The yellow spots visible in the CslII, CslIII and CslVI extracts revealed with KOH solution (5%) and which may intensify or turn blue or green at 365 nm indicate the presence of coumarins [29]. Flavonoids were revealed by AlCl₃ (1%) solution [30], ammonia vapor [31] and Neu's reagent [32] under various colorations. The blue or purple color that appears under the action of NH3 indicates the presence of anthocyanins [5]. The phytochemicals detected play various pharmacological roles, ranging from antioxidant activity to medicinal effects [33].

3.3 Quantitative phytochemical profile

3.3.1 Extraction yields

Extraction yields vary depending on the extraction process: 9.24% for DL, 3.77% for IL and 3.26% for ML. Temperature is a significant parameter that influences yield, as higher temperatures promote the extraction of phytoconstituents by increasing their solubility [34]. It also affects the viscosity of the solvent, promoting the release of phenolic compounds from the cell wall [35]. These observations could explain the variable yields. Furthermore, 79% of traditional recipes use decoction, compared to 3% for maceration [35].

3.3.2 Phytophenol contents

The phytophenol contents of DL, IL and ML were obtained from the calibration equations established from the references (gallic acid, quercetin, catechin and 2H-1-benzopyran-2-one) (Table 4).
Table 4. Summury of standard curve equations
	Quantified phytocompounds
	Standard curve equations

	Total phenolics (TP)
	GA
	Y = 15.915 X + 0.0434
	R2 = 0.9836

	Total flavonoids (TF)
	Q
	Y = 5.6073 X – 0.0183
	R2 = 0.9965

	Condensed tannins (CT)
	C
	Y = 4.0807 X + 0.0092
	R2 = 0.9937

	Hydrolyzable tannins (HT)
	GA
	Y = 0.3346 X + 0.0018
	R2 = 0.9999

	Total coumarins (TC)
	E2H-BP
	Y = 49.551 X+ 0.0237
	R2 = 0.9977


GA : gallic acid ; Q : Quercetin ; C : catechin ; E2H-BP : 2H-1-benzopyran-2-one

The contents shown in Figure 1 and expressed in milligrams of standard equivalent per gram of dry matter (mg standard equivalent/g DM) vary depending on the extraction method. Overall, all contents are higher in DL ˃ IL ˃ ML, with the exception of TH in ML (39.184 mg GAE/g DM), which is higher than in IL (25.902 mg GAE/g DM). These results demonstrate the influence of the extraction method on the contents. The quantified phytochemicals have various pharmacological, antioxidant and anti-cancer properties [36-38]. It should be noted that oxidative stress is involved in the onset of many diseases (neurodegenerative diseases, diabetes, cancers) as a triggering factor or is associated with complications during their progression [39].


Figure 1 : Phytoconstituent content of  Cancibax extracts

Currently, the use of antioxidants in the treatment of certain cancers is being studied and has been applied on a preliminary basis [40]. The notable presence of these phytophenols may justify the therapeutic use of phytoremediation.

3.4 Antioxidant profile of total extracts

3.4.1 DPPH antiradical potential

The antiradical activity of the extracts was determined by spectrophotometry using the DPPH radical test with vitamin C as a reference. The percentages of reduction (PR) determined per second are illustrated by the curves in Figure 2. The PR represent the ability of the extracts to reduce DPPH•. The reduction of DPPH reflects the presence of bioactive phytochemicals that act as hydrogen donors [41]. The results show variable PR that increase until they reach a plateau at the end of the incubation period. Two phases can be observed, one rapid and one slow.





Figure 2 : Evolution of the percentages of reduction (PR) of DPPH• by the extracts as a function of time (s)

Determining the concentration that reduces 50% of the DPPH radical (CR50) provides a better estimate of the antiradical potential. The lower this value, the better the anti-radical activity [42]. Figure 3 shows the CR50 evolution curves of the extracts over time. The CR50 variables evolve in a broadly similar manner for IL (from 0.116 to 0.0452 mg/ml) and DL (from 0.139 to 0.0472 mg/ml), followed by ML (from 0.2215 to 0.0562 mg/ml). The antiradical activity of the IL and DL extracts is therefore more pronounced compared to ML. However, these CR50 values remain higher than those of vitamin C, which was chosen as a reference (from 0.0111 to 0.0057 mg/ml).



Figure 3 : CR50 evolution curves for extracts over time

The times corresponding to the CR50 values of the samples as a function of concentration were also determined (Table 5). It should be noted that at 0.1 mg/ml, IL reduced the DPPH radical in 31 seconds compared to DL (61 seconds) and ML (94 seconds). However, the opposite is observed at 0.05 mg/ml. For lower concentrations, this time could not be determined for IL, DL and ML. This activity is related to their higher phytoconstituent content (Figure 3).







Table 5. Summury of standard curve equations
	
	Time (s) to reach CR50 

	Concentrations (mg/ml)
	0.1
	0.05
	0.025
	0.0125
	0.00625

	DL
	61
	171
	˃ 1800
	˃ 1800
	˃ 1800

	IL
	31
	355
	˃ 1800
	˃ 1800
	˃ 1800

	ML
	94
	365
	˃ 1800
	˃ 1800
	˃ 1800

	Vitamin C
	˂ 1
	˂ 1
	˂ 1
	31
	˃ 1800



This result also confirms the antioxidant properties attributed to phenolic compounds [38].

3.4.2 FRAP antioxidant activity

The reducing properties of DL, IL and ML extracts were determined using the FRAP method based on the ability of the extracts to reduce ferric iron Fe3+ to ferrous iron Fe2+. This colorimetric electron transfer method measures the ability of an antioxidant to reduce the colourless ferric-tripyridyltriazine (Fe³⁺-TPTZ) complex to blue-coloured ferrous tripyridyltriazine cations at 593 nm [14, 43]. FRAP antioxidant activity was determined from the Trolox calibration curve at different concentrations (y = 0.2883 x + 0.0131; R2 = 0.9956). The results shown in Figure 4 demonstrate FRAP activities of extracts at 0.2 mg/ml, varying with that of ML (6.018 µmol TE/g DM), which is the highest followed by DL and IL. However, these activities are lower than that of vitamin C (13.104 µmol TE/g DM) at 0.05 mg/ml.


Figure 4 : Iron reduction capacity of DL, IL and ML

Although ML extract has lower TP and TF contents than DL and IL, it has a higher FRAP activity (6.018 µmol TE/g DM). As a reminder, phytophenols are radical scavengers and inhibitors of lipid peroxidation by reducing hydroxyl, superoxide and peroxide radicals. They are capable of trapping metal ions due to their chelating properties. Polyphenols and flavonoids are also electron donors and may be responsible for FRAP activity [44].


3.4 Antibacterial activity

The extracts tested were sterile and did not inhibit the growth of P. aeruginosa. A bacterium is considered resistant when the inhibition diameter is ≤ 8 mm; sensitive when it is between 9 and 14 mm; very sensitive when it is between 15 and 19 mm; and extremely sensitive for a diameter greater than 20 mm [45]. In contrast, the S. aureus ATCC and S. aureus 068 strains are very sensitive to the extracts. The antibacterial parameters, minimum inhibitory concentration (MIC) and bactericidal concentration (MBC), were determined using strains sensitive to the extracts (Table 6). The MIC and MBC are similar for Staphylococcus strains, except for DL, which is bactericidal (MBC/MIC = 2) for E. coli. In fact, an action profile is bactericidal if the MBC/MIC ratio is ≤ 2 [17, 18]. The antibacterial activity observed could be explained by the presence of specialised metabolites (flavonoids, tannins and coumarins) [46, 47, 44], which have proven antimicrobial properties.

Table 6 : Effectiveness of the recipe extraxts
	Bacterial strains
	Control
	DL
	IL
	ML

	[bookmark: _Hlk204874516][bookmark: _Hlk207048214]Escherichia coli
	06
	11 ± 1
	06
	06

	[bookmark: _Hlk204874532]Staphylococcus aureus ATCC
	06
	19 ± 1.5
	20 ± 0
	16 ± 0

	Staphylococcus aureus 068
	06
	21 ± 0
	22 ± 1
	19 ± 1

	Pseudomonas aeruginosa ATCC
	06
	06
	06
	06

	Pseudomonas aeruginosa 363
	06
	07
	06
	06


DL : freeze-dried decoction ; IL : freeze-dried infusion ; ML : freeze-dried macerate

	
	MIC and MBC (mg/ml)

	Bacterial strains
	
	      DL
	            IL
	ML

	Escherichia coli
	
	MIC = 50 ; MBC = 100;
MBC/MIC = 2
	
	



	Staphylococcus aureus ATCC
	     MIC = 100 ;                     
     MBC = ˃ 100
	      MIC = 100 ;                     
     MBC = ˃ 100
	      MIC = 100 ;                     
     MBC = ˃ 100

	Staphylococcus aureus 068
	      MIC = 100 ;                     
     MBC = ˃ 100
	      MIC = 100 ;                     
     MBC = ˃ 100
	      MIC = 100 ;                     
     MBC = ˃ 100



The antibacterial parameters, minimum inhibitory concentration (MIC) and bactericidal concentration (MBC), were determined using strains sensitive to the extracts. The MIC and MBC are similar for Staphylococcus strains, except for DL, which is bactericidal (MBC/MIC = 2) for E. coli. In fact, an action profile is bactericidal if the MBC/MIC ratio is ≤ 2 [17, 18]. The antibacterial activity observed could be explained by the presence of specialised metabolites (flavonoids, tannins and coumarins) [46, 47, 44], which have proven antimicrobial properties.

4. Conclusion

This study highlighted the phytochemical and antioxidant profiles of the phytoremedy (Cancibax). Several mineral elements and a few phytochemical families (phenolic compounds, alkaloids, sterols and polyterpenes, saponins, proteins and sugars) were identified. The identification of its phytochemicals, confirmed by precipitation and colour reaction tests, demonstrates the phytochemical richness of Cancibax. Quantitative analysis also shows higher levels in the decoction than in the infusion and macerate, with proven DPPH and FRAP antioxidant potential. The bactericidal effect of the decoction on E. coli has also been proven. The results of the analyses could explain the use of Cancibax in the treatment of leukemia.
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% of reduction (PR)



IL extract
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% of reduction (PR)
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% of reduction (PR)



DL
DL	
0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.139	0.0919	0.0716	0.0639	0.0592	0.0566	0.0545	0.0532	0.0527	0.052	0.0514	0.0512	0.0508	0.0502	0.0499	0.0494	0.0491	0.049	0.0488	0.0486	0.0483	0.0483	0.0484	0.0483	0.048	0.0478	0.0477	0.0476	0.0476	0.0472	0.0472	Vitamin C	
0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.0111	0.0094	0.0083	0.0081	0.007	0.0071	0.0081	0.0075	0.0075	0.0066	0.0074	0.007	0.0068	0.0064	0.0066	0.0063	0.0063	0.0062	0.0062	0.0062	0.0062	0.006	0.006	0.006	0.0059	0.0058	0.0058	0.0059	0.0058	0.0057	0.0057	



IL
IL	
0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.116	0.0844	0.0672	0.0623	0.0602	0.0575	0.0556	0.0569	0.056	0.0524	0.0527	0.05	0.0498	0.0497	0.0494	0.0508	0.0514	0.0496	0.0499	0.0503	0.0492	0.0485	0.0477	0.0474	0.0475	0.0464	0.0464	0.0458	0.0455	0.0457	0.0452	Vitamin C	
0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.0111	0.0094	0.0083	0.0081	0.007	0.0071	0.0081	0.0075	0.0075	0.0066	0.0074	0.007	0.0068	0.0064	0.0066	0.0063	0.0063	0.0062	0.0062	0.0062	0.0062	0.006	0.006	0.006	0.0059	0.0058	0.0058	0.0059	0.0058	0.0057	0.0057	



ML
ML	
0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.2215	0.1056	0.0853	0.0769	0.0723	0.0691	0.0671	0.0651	0.064	0.0632	0.0624	0.0619	0.0616	0.0606	0.0598	0.0602	0.0597	0.0585	0.0571	0.0571	0.0569	0.057	0.0568	0.0571	0.0568	0.057	0.058	0.0582	0.0561	0.0556	0.0562	Vitamin C	
0	60	120	180	240	300	360	420	480	540	600	660	720	780	840	900	960	1020	1080	1140	1200	1260	1320	1380	1440	1500	1560	1620	1680	1740	1800	0.0111	0.0094	0.0083	0.0081	0.007	0.0071	0.0081	0.0075	0.0075	0.0066	0.0074	0.007	0.0068	0.0064	0.0066	0.0063	0.0063	0.0062	0.0062	0.0062	0.0062	0.006	0.006	0.006	0.0059	0.0058	0.0058	0.0059	0.0058	0.0057	0.0057	



Q(µmolTE/g MS)	
0.41237908043319	0.141313703575237	0.556262124073432	0.655	0.41237908043319	0.141313703575237	0.556262124073432	0.655	DL	IL	ML	Vit C (0,05mg/ml)	4.75604116082784	4.05461132308167	6.01822946776121	13.1038270320268	
FRAP activity
 (µmolTE/g DM)


