In vitro evaluation of the antibacterial activity of extracts from Solanum torvum Swartz (Solanaceae) leaves on the growth of a resistant strain of Enterobacter 
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ABSTRACT 

	Objective: To promote the use of Solanum torvum Swartz (Solanaceae), a medicinal plant traditionally used for the treatment of gastroenteritis and pulmonary diseases. 
Methodology and Results: Extracts (aqueous and ethanolic) obtained from Solanum torvum powder were tested in liquid and solid media (Mueller-Hinton) on the in vitro growth of a resistant strain of Enterobacter. The results revealed that the antibacterial activity on Enterobacter strains was better with the ethanolic extract (MIC = 12.5 mg/mL and MBC = 25 mg/mL) than with the aqueous extract (MIC = 12.5 mg/mL and MBC = 50 mg/mL). Nevertheless, both extracts remain bactericidal on this strain.
Conclusion: This extract can be used for the development of phytomedicines against gastroenteritis and pulmonary diseases caused by Enterobacter sp. 
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1. INTRODUCTION
Enterobacter are species of non-spore-forming, facultative anaerobic Gram-negative bacilli belonging to the Enterobacteriaceae family (Quraishi, 2019; Anju, Siddardha and Dyavaiah, 2020). This genus comprises several species, including Enterobacter aerogenes, Enterobacter cloacae, etc. Enterobacter is one of the bacteria most commonly responsible for nosocomial infections (Davin-Regli & Pagès, 2015; Paauw et al., 2015; Quraishi et al., 2019). These bacteria are generally present in hospital environments due to the formation of biofilms on various surfaces (Liaqat et al., 2019) and in human samples (such as urine and blood), especially in patients with serious illnesses or risk factors for infection, such as the use of central venous catheters and prolonged antibiotic treatment (Joly & Reynaud, 2002; Mokrani, 2010). Enterobacter species cause various infections, including digestive infections (DavinRegli et al., 2019), pneumonia (Holsen et al., 2019), bacteremia (Álvarez-Martín et al., 2021), urinary tract infections, wound infections, and central nervous system infections, particularly in hospitalised patients (Dimitrova et al., 2019) and those with weakened immune systems (Pendlenton et al., 2013). Enterobacter is part of the ESKAPE group, which also includes Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii and Pseudomonas aeruginosa, and which is showing increasing resistance to antibiotics. Enterobacter is among the priority pathogens identified by the WHO in 2017, highlighting the urgency of developing new antimicrobials due to the increase in antibiotic resistance observed in these bacteria (De Oliveira et al., 2020; Anonymous, 2024). Due to this resistance and ineffective treatments, patients are increasingly seeking alternative care solutions. Thus, the quest for new classes of antibiotics has become essential for science (Dromer & Dupont, 1996; Zirihi et al., 2003; Okou, 2018). Among the many avenues being explored, traditional pharmacopoeia is proving to be one of the most sought-after sources. According to a report by the World Health Organisation (WHO), more than 80% of the African population turns to traditional medicine for primary healthcare because of its proximity and accessibility (WHO, 2002; Baïbo et al., 2024). In addition, numerous studies continue to prove that medicinal plants contain bioactive compounds. These compounds have various activities, including antioxidant, anti-inflammatory, analgesic, antiviral, antibacterial and antifungal properties (Candan et al., 2003; Lagnika et al., 2012; Dinzedi, 2015). Among these plants is Solanum torvum Swartz, a plant of the Solanaceae family. This plant is traditionally used to treat diseases such as cough, asthma, bronchitis, pain, fever, wounds, toothache, gastric ulcer, skin diseases, reproductive disorders, high blood pressure, diabetes, sore throat and stomach ache (Noumi et al., 1999; Noumi & Dibakto, 2000; Noumi, 2004; Ndebia et al., 2007; Muthu et al., 2006; Kala, 2005; Asase et al., 2010), indigestion, gastric pain around the navel, rheumatism, numbness, bruises, lower back muscle pain, amenorrhoea and to reduce postpartum haemorrhaging. This study was conducted to verify the antibacterial properties of Solanum torvum Swartz (Solanaceae) leaves on the in vitro growth of a resistant strain of Enterobacter. For this study, various extracts (aqueous and ethanolic) were prepared from Solanum torvum leaves. The antibacterial activity of these extracts was then evaluated on Enterobacter sp in liquid and solid media.

2. material and methods 

2.1 Material 

2.1.1 Plant material
The plant material used in this study consists of the leaves of Solanum torvum Swartz (Solanaceae), a species recommended by phytotherapists for the treatment of lung conditions. These leaves were collected in Daloa, Côte d'Ivoire. After harvesting, the leaves were sorted and washed before being dried away from light at room temperature for a period of two (2) weeks. They were then ground into powder using a grinder. 



2.1.2 Bacterial material
The bacterial strain used was a clinical Enterobacter strain isolated from a human urine sample at the Bacteriology Laboratory of the Regional Hospital Centre (CHR) in Daloa. This strain was designated Enterobacter sp (254C / 17).

2.2 Methods
2.2.1 Preparation of different plant extracts 
Aqueous and ethanolic extracts were prepared from Solanum torvum leaf powder. The extraction method used was based on the protocols described by Zirihi et al., 2003, Yayé et al., 2011 and Baïbo et al., 2024. More specifically, for the aqueous extract, 100 g of leaf powder was macerated in 1 liter of distilled water and then homogenised using a blender. The resulting homogenate was filtered successively twice through hydrophilic cotton and then through Whatman No. 3 filter paper to obtain a filtrate. The filtrate was subsequently dehydrated in an oven at a temperature of 55°C for 3 days to obtain an evaporate. It was then collected in the form of a brown paste and constituted the aqueous extract. For the preparation of the 70% ethanolic extract, 100 g of Solanum torvum powder were also homogenized in 1 liter of hydroalcoholic solution (ethanol-distilled water: 70/30) by homogenization in a blender. The resulting homogenate was filtered twice through hydrophilic cotton and Whatman 3mm filter paper. The obtained filtrate was evaporated at a temperature of 55°C using an oven until a greenish paste was obtained (Zirihi et al., 2005; Okou et al., 2018).
2.2.2 Determination of the antibacterial activity of the different extracts 
The antibacterial activity of the different extracts of Solanum torvum leaves was determined using the method described by Nassif et al., 1990 and repeated by Okou et al., 2018. This method was carried out according to the following steps: 
2.2.2.1 Determination of the minimum inhibitory concentration (MIC) in liquid medium
• Transplanting strains 
A fraction of the Enterobacter sp colony previously preserved in deep agar was collected using a platinum loop, then seeded on ordinary agar and incubated at 37°C for 18 to 24 hours to obtain isolated colonies. 
• Preparation of inoculated broths 
After incubation for 18 to 24 hours, 3 to 5 young colonies were collected, diluted in 10 mL of broth and re-incubated at 37°C for 3 to 5 hours. 
• Preparation of concentration ranges 
During these incubation hours, the concentration ranges for each extract were prepared in 10 tubes numbered from 1 to 10 using the double dilution method in liquid medium with a geometric progression of concentrations of ratio 1/2. For each concentration, a volume of 0.2 mL was taken and transferred to a specific tube from a series of experimental tubes. The 10th tube in this experiment served as a growth control, containing only 0.2 mL of sterile distilled water. The concentrations of the different extracts generally ranged from 0.781 mg/mL to 200 mg/mL. 
• Preparation of the test and reference series 
After incubation for 3 to 5 hours, 0.2 mL of the inoculated broth was taken and added to 20 mL of sterile Mueller Hinton broth, then mixed using a "VLEP Scientifica" vortex mixer. Next, a series of 10 tubes was prepared, each containing 0.2 mL of different concentrations of the extract. The 10th tube, serving as a growth control, contained 0.2 mL of sterile distilled water. To each tube in this series, 1.8 mL of inoculated broth was added to bring the total volume of each tube to 2 mL. This series was called the test series. In parallel, a reference series of 10 tubes was also set up, comprising 0.2 mL of each concentration of extract and 1.8 mL of sterile broth. The 10th tube (control) contained 0.2 mL of sterile distilled water and 1.8 mL of sterile broth. Finally, all the tubes in the test and reference series were mixed using the "VLEP Scientifica" vortex mixer before being incubated at 37°C for 18 to 24 hours. 
2.2.2.2 Determination of the minimum inhibitory concentration (MIC) 
After incubation for 18 to 24 hours, the minimum inhibitory concentration (MIC) was determined by direct observation with the naked eye, in daylight, after shaking. To do this, the tubes in the test series were compared with those in the reference series, concentration by concentration, in order to detect the absence of turbidity (Marmonier, 1990; Okou, 2018). The MIC was given by the concentration of the first tube showing no turbidity. This test was performed three times consecutively. 
2.2.2.3 Determination of the minimum bactericidal concentration (MBC) in solid medium 
After determining the minimum inhibitory concentration (MIC), the growth control tube was diluted geometrically by a factor of 10, ranging from 10-1 to 10-4 .  The different dilutions were then inoculated onto a Mueller Hinton agar culture plate, designated as Plate A, by making 5 cm streaks using a calibrated loop. Subsequently, the pure inoculum without extract and the inocula present in the test series tubes (from two tubes before the MIC) were also seeded in 5 cm streaks on a second Mueller Hinton agar plate (Plate B) using a calibrated loop. Tubes A and B were then incubated at 37°C for 18 to 24 hours. After incubation, the number of colonies on the streak in Tube A, at a dilution of 10-4 was compared to that of the streaks in Tube B. The minimum bactericidal concentration (MBC) therefore corresponds to the concentration of the extract from streak B where the number of colonies is equal to that in streak A at a dilution of 10-4..   
According to Marmonier (1990): 
- If the MBC/MIC ratio ≤ 4, the tested substance is bactericidal.
- If the MBC/MIC ratio ˃ 4, the tested substance is bacteriostatic. 

3. results
3.1. Determination of the Minimum Inhibitory Concentration (MIC) in liquid medium
In liquid medium, the absence of turbidity was observed with the different extracts at the following concentrations: 12.5 mg/mL for the effect of the aqueous extract and 12.5 mg/mL for the effect of the 70% ethanol extract of Solanum torvum leaves on the Enterobacter sp. strain. The various concentrations of 12.5 mg/mL obtained represent the Minimum Inhibitory Concentrations (MIC) of these different extracts and are reported in the summary table (Table 1). 
3.2. Determination of the minimum bactericidal concentration (MBC) in solid medium 
In solid medium, comparison of the number of colonies on the streaks in Box B with those in Box A (Figure 1) showed that at a concentration of 50 mg/mL, the number of colonies was almost identical to that of the streak in Box A at a dilution of 10-4 for the aqueous extract (Figure 2). Similarly, at a concentration of 25 mg/mL, the number of colonies was similar to that of the streak in Box A at a dilution of 10-4 for the 70% ethanol extract (Figure 3) of Solanum torvum on the Enterobacter sp. strain. The concentrations of 50 mg/mL and 25 mg/mL represent the Minimum Bactericidal Concentrations (MBC) of the aqueous and 70% ethanolic extracts of Solanum torvum on this strain, respectively. These concentrations are also summarised in the summary table (Table 1). 

Table 1: Antibacterial parameters of the effect of aqueous and ethanolic extracts (70%) of Solanum torvum on the in vitro growth of the Enterobacter sp. strain 
	Enterobacter sp. Strain

	
	MIC (mg/mL)
	MBC (mg/mL)

	Aqueous extract
	12.5
	50

	Ethanolic extract (70%)
	12.5
	25


3.3. Determination of the MBC/MIC ratio 
Finally, the results of the MBC/MIC ratio for the different extracts are presented in the summary table (Table 2). For the aqueous extract, the MBC/MIC ratio is 4, while for the 70% ethanol extract, it is 2. 
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Figure 1: Growth control culture at different dilutions (Box A) 
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Figure 2: Action of Solanum turvum aqueous extract on Enterobacter sp. (Box B) 
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Figure 3: Action of 70% ethanol extract of Solanum turvum on Enterobacter sp. (Box B)

Table 2:  Comparison of CMB/MIC ratios for aqueous and ethanol extracts (70%)
	Enterobacter sp strain

	
	MIC (mg/mL)
	MBC (mg/mL)
	MBC/MIC
	Interpretation 

	
Enterobacter sp strain
	
12.5
	
50
	
4
	
Bactericidal

	
Ethanolic extract (70%)
	
12.5
	
25
	
2
	
Bactericidal


 

4. discussion
Determination of the Minimum Inhibitory Concentration (MIC) in liquid medium: 
The results of this study highlight the inhibitory activity of aqueous and ethanolic extracts of Solanum torvum on the growth of Enterobacter sp. The absence of turbidity observed in liquid medium, starting at a concentration of 12.5 mg/mL for both types of extracts, suggests significant inhibition of bacterial proliferation. (Marmonier, 1990; Okou et al., 2018). The minimum inhibitory concentration (MIC) of 12.5 mg/mL, which is identical for the aqueous extract and the 70% ethanol extract, indicates comparable efficacy of the two solvents in extracting the bioactive compounds responsible for antibacterial activity. This observation is interesting because it suggests that the active compounds are not exclusively soluble in a specific solvent, but can be extracted with different polarities. The results obtained are consistent with several studies attesting to the antimicrobial properties of Solanum torvum (Okou et al., 2018; Khunbutsri et al., 2022). The study conducted by Thenmozhi and Mahadeva Roa (2012) suggests that this biological activity could result from the presence of alkaloids, flavonoids or phenolic compounds, molecules known for their inhibitory action on a wide range of bacteria. These researchers carried out various phytochemical tests, following standardised protocols, to identify these active compounds. The detection of specific phyto al compounds supports the hypothesis of their direct involvement in the therapeutic properties traditionally attributed to Solanum torvum, as highlighted by Naimon et al. (2015). 
Determination of the minimum bactericidal concentration (MBC) in solid medium: 
The results obtained in solid medium reveal significant bactericidal activity of aqueous and ethanolic extracts of Solanum torvum on the Enterobacter sp. strain. Comparative analysis of the number of colonies between the treated Petri dishes (Dish B) and the control (Dish A) shows a significant reduction in bacterial growth depending on the concentration of the extracts (Okou et al., 2018). For the aqueous extract, a concentration of 50 mg/mL reduced the number of colonies to a level comparable to that observed in control dish A at a dilution of 10-4. Similarly, the 70% ethanol extract showed a similar effect at a concentration of 25 mg/mL at the same dilution of 10-4.
The study reveals minimum bactericidal concentrations (MBC) of 50 mg/mL for the aqueous extract and 25 mg/mL for the 70% ethanolic extract. These data suggest that both extracts have significant bactericidal potential, with the ethanolic extract showing increased efficacy. This observation is particularly relevant as it is consistent with previous work on the antimicrobial activity of Solanum torvum (Naimon et al., 2015; N'guessan et al., 2019; OKOU et al., 2019). 
However, as highlighted by N’guessan et al. (2019) and Khunbutsri et al. (2022), the ethanol extract appears to be particularly effective against methicillin-resistant staphylococci, while the aqueous extract demonstrates significant activity against E. coli. Thus, the minimum inhibitory concentrations (MIC) and bactericidal concentrations (MBC) vary significantly depending on the extraction solvent and the bacterial strain targeted. However, a trend emerges in certain contexts, with ethanolic extracts requiring low concentrations to inhibit the proliferation of certain bacteria (Dhif et al., 2025). Indeed, the choice of solvent influences the composition of the extract and, consequently, its efficacy. 
Determination of the MBC/MIC ratio 
Analysis of the MBC/MIC ratios highlights significant differences between the aqueous and ethanolic extracts of Solanum torvum in terms of their antimicrobial mechanism of action. An MBC/MIC ratio of 4 for the aqueous extract compared to 2 for the 70% ethanolic extract indicates different modes of action and varying implications for their use. A MBC/MIC ratio greater than 4 is often interpreted as a sign of primarily bacteriostatic action, where the extract slows down the proliferation of bacteria without eliminating them. In contrast, a CMB/MIC ratio of 2 or less is generally associated with bactericidal action, meaning that the extract has the ability to actively eliminate bacteria (Marmonier, 1990; Okou et al., 2018). 


4. Conclusion
The main objective of this study was to highlight Solanum torvum, a medicinal plant used to treat gastrointestinal and pulmonary infections. The results indicate that the aqueous extract of Solanum torvum has a minimum inhibitory concentration (MIC) of 12.5 mg/mL and a minimum bactericidal concentration (MBC) of 50 mg/mL. The 70% ethanol extract has an MIC of 12.5 mg/mL and an MBC of 25 mg/mL. The results also suggest that Solanum torvum has bactericidal properties against this strain, with an MBC/MIC ratio of 4 for the aqueous extract and 2 for the ethanol extract. This indicates that the various extracts of Solanum torvum have antibacterial activity against the Enterobacter sp strain, with the 70% ethanol extract being particularly more effective than the aqueous extract. This demonstrated activity thus supports the traditional use of the leaves of this plant in the treatment of certain pathologies. 
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