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INTRODUCTION 
Antibiotics have long served as the cornerstone for the 
management and treatment of infectious diseases caused by 
bacteria or fungi. However, in recent years, treatments have 
become a significant issue owing to the rise of antibiotic 
resistance [1, 2]. Bacterial infections constitute a formidable 
concern given the propensity of bacteria for horizontal 

acquisition and dissemination of resistance genes harbored 
on mobile genetic elements, including transposons and 
plasmids [3]. This process has contributed to the increasing 
prevalence of multidrug-resistant (MDR) bacteria, which 
constitute a significant global health problem. The World 
Health Organization (WHO) estimates that approximately  
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The increasing prevalence of multidrug-resistant bacteria have turned bacterial infections 
into a significant global healthcare challenge, necessitating immediate action. This study 
evaluated the antibacterial activity of Adansonia digitata L. of leaf extracts against 
multidrug-resistant isolates, including Pseudomonas sp., Klebsiella spp., Escherichia sp., 
Staphylococcus sp., and Bacillus sp. The bacterial isolates were confirmed through 
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were subjected to antibiotic susceptibility testing (AST), and multiple antibiotic resistant 
(MAR) indices were determined. The leaves of A.  digitata L. were extracted using aqueous 
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Minimum inhibitory concentrations (MIC) were carried out by broth dilution method, and the 
minimum bactericidal concentrations (MBC) were established by plating aliquots from non-
turbid wells. The AST results revealed that all isolates were multidrug-resistant with varying 
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antibacterial effects against the tested organisms, with ethanolic extract showing greater 
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700,000 deaths occur annually due to drug-
resistant infections, with projections indicating a 
potential rise to 10 million in the absence of 
effective intervention [4]. Multidrug resistance 
occurs when microbes evolve mechanisms (such 
as genetic mutation, reduced permeability, 
enzymatic inactivation, and efflux pump production) 
that protect them from the effects of antibiotics.  
This phenomenon is attributed to indiscriminate and 
excessive use of antimicrobial agents in both 
human and veterinary practices [5]. Consequences 
include the spread of resistant strains, therapeutic 
failure as common infections become increasingly 
difficult to manage or treat, increased healthcare 
costs due to prolong hospitals stays, increased 
mortality, and a greater demand for intensive care 
[4] (WHO, 2019).  
One of the principal strategies for combating 
antibiotic resistance is the development of new 
drugs. However, the WHO has reported that 
declining private-sector investment and limited 
innovation in antibiotics development are 
undermining global efforts to combat drug-resistant 
infections [6]. Furthermore, the continuous and 
indiscriminate use of antibiotics has accelerated the 
emergence of resistance among various strains of 
microorganisms [7]. Consequently, it has become 
imperative to seek out alternative sources of 
antimicrobial agents that are effective, less toxic, 
and economically viable. 

Natural products have gained considerable 
attention as potential alternatives due to their 
relative safety, accessibility, and long-standing use 
in traditional or folk medicine for addressing various 
diseases condition [8]. Plants, in particular, are rich 
in diverse phytoconstituents, with potential 
antimicrobial properties, making them a promising 
candidate for drug discovery.  

Over 35,000-70,000 (14%-28%) plant species 
worldwide have been utilized for medicinal 
purposes [9]. Secondary metabolites such as 
phenol, flavonoids, alkaloids, tannin, and other 
bioactive compounds present in these plants 
suggest their potential as antibacterial agents. 
However, the limited investigation of many plant 
species underscores the urgent need for continued 
research into diverse plants with potential 
antibacterial properties. Expanding this exploration 
is essential for identifying novel bioactive 
compounds that could serve as effective 
alternatives in combating antimicrobial resistance. 

Adansonia digitata L. (baobab) is a drought-
resistant, multipurpose tree widely distributed 
across sub-Saharan Africa and valued for its 
nutritional and medicinal importance [10-12]. The 
plant parts, such as the fruit pulp, seeds, leaves, 
and bark are utilized both as food sources and in 
traditional medicinal practices. The fruit pulp is 
especially rich in vitamin C, minerals, and dietary 
fiber, while the leaves are commonly consumed as 
vegetables [13,14]. 

Traditionally, this plant has been employed in the 
management of various ailments, including fever, 
diarrhea, malaria, and dysentery [15,16]. These 
therapeutic effects are attributed to its 
phytochemical constituents, which suggest its use 
as an antimicrobial agent. This study therefore 
examined the antibacterial potential of leaf extracts 
of Adansonia digitata L. against some selected 
multidrug-resistant bacteria. 

MATERIALS AND METHODS 
Plant Collection and Identification  
Fresh leaves of Adansonia digitata L. were 
harvested and excised using a sterile knife from a 
mature tree in Owo, Ondo State, Nigeria. The tree 
was taxonomically identified by a Plant Scientist in 
the Department of Botany, Obafemi Awolowo 
University, Ile Ife, Nigeria, with voucher number of 
IFE 18520. The leaves were air dried, pulverized 
using a mechanical grinder and preserved in airtight 
containers prior to use. 
 
Extraction of Plant Materials 
The maceration method was employed using two 
solvents of differing polarity, namely ethanol and 
distilled water.  For the ethanolic extraction, 100 g 
of powdered leaves was soaked in 800 mL of 
ethanol in a sterile conical flask, while an equal 
quantity of the powdered leaves was macerated in 
1500 mL of distilled water to obtain the aqueous 
extract. The mixtures were intermittently agitated 
and kept at ambient temperature for 72 h to 
enhance the extraction of phytochemical 
constituents. Both aqueous and ethanolic extracts 
were obtained using muslin cloth and Whatman 
No.1 filter respectively [17]. The resulting filtrates 
were concentrated by solvent evaporation in a 
thermostatically controlled water bath at 40°C, and 
the dried extracts obtained were subsequently 
preserved for further analysis. 
 
 
 

https://en.wikipedia.org/wiki/Microbe
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Preparation of Stock Solution of Extracts 
Stock solution (200mg/mL) of the crude extract was 
prepared in 10% v/v DMSO. The stock was serially 
diluted two-fold with sterile distilled water to obtain 
concentrations of 100, 50, 25, and 12.5 mg/mL. 
Dimethyl sulfoxide (DMSO) at the corresponding 
concentrations served as the negative control for 
antibacterial activity [18]. 
 
Source and Collection of Test Organisms 
Test organisms were procured from the Department 
of Biological Sciences, Achievers University, Owo. 
The isolates comprised Pseudomonas sp., 
Klebsiella spp., Escherichia sp., Staphylococcus 
sp., and Bacillus sp. 
 
Confirmation of Test Organisms 
Macroscopic and Microscopic Examination 
Isolates were subcultured on nutrient agar plates 
and incubated at 370C for 24 h. Following 
incubation, the colonies were examined for 
morphological characteristics such as size, colour, 
texture, pigmentation, consistency, and odour. 
Thereafter, Gram staining was performed, and the 
staining smears were examined under the 
microscope [19]. 
 
Biochemical Identification of Isolates   
The methods described by [19,20] were adopted for 
the biochemical re-characterization and 
identification of the procured organisms. The 
biochemical tests, including catalase, motility, sugar 
fermentation, triple sugar iron (TSI), methyl red, 
indole, Voges–Proskauer, urease, coagulase, 
oxidase, and citrate utilization were carried out. 
Standardization of Inoculum 
The 0.5 McFarland standard was obtained by 
mixing 0.5ml of 1% barium chloride with 9.5mL of 
1% sulphuric acid [21].  For inocula standardization, 
bacterial isolates were subcultured on Muller-Hinton 
agar and incubated overnight at 360C. Fresh 
colonies were then inoculated on Muller-Hinton 
broth (HIMedia, India) and the inoculum density 
was standardized to correspond to McFarland 
standard (1.5 × 108 CFU/mL) [22]. 
 
Antibiotic Susceptibility Testing 
The Kirby–Bauer disk diffusion technique was 
employed, following the standardized guidelines of 
the Clinical and Laboratory Standards Institute [23]. 
Briefly, standardized bacterial suspensions were 
inoculated onto Muller-Hinton agar (Ready MED, 
India) plate, after which commercially prepared 
antibiotic discs were aseptically placed on it. The 
antibiotics evaluated in this study against the 

bacterial isolates were manufactured by Celtec 
diagnostic (Belgium), comprising amoxicillin (30 
µg), cefotaxime (25 µg), gentamicin (10 µg), 
nitrofurantoin (30 µg), nalidixic acid (30 µg), 
ofloxacin (5 µg), cefuroxime (30 µg), 
imipenem/cilastatin (10/10 µg), 
ceftriaxone/sulbactam (30 µg), cefixime (5 µg), 
ampiclox (10 µg), levofloxacin (5 µg), erythromycin 
(15 µg), and azithromycin (15 µg). 
 
Determination of Multidrug Resistance and 
Multiple Antibiotic Resistance Index 
Multidrug-resistant was defined as bacterial isolate 
that showed resistant to at least one agent in three 
or more antimicrobial categories [24]. Additionally, 
the multiple antibiotic resistance (MAR) index was 
calculated as MAR = a/b, where “a” denotes the 
number of antibiotics to which the isolate exhibited 
resistant, and “b” denotes the total number of 
antibiotics tested [25]. 
 
Antibacterial Susceptibility Assay 
The antibacterial potential of the extracts was 
assessed using the agar well diffusion technique. 
Standardized inocula of confirmed multidrug-
resistant (MDR) bacterial isolates were uniformly 
inoculated on Muller–Hinton agar plates. The plates 
were allowed to sit for a few minutes to allow 
inoculum absorption. Using a sterile cork borer, five 
wells, each approximately 6 mm in diameter, were 
aseptically punched into the agar. Aliquots of 50 µL 
of the different extract concentrations (100, 50, 25, 
and 12.5 mg/L) were carefully dispensed into the 
respective wells. Antibacterial activity was 
evaluated after incubation at 360C for 24 h by 
measuring the inhibition zone around the wells in 
millimeters (mm) [26]. 
 
Evaluation of the Minimum Inhibitory 
Concentration (MIC) of the Test Extract 
The minimum inhibitory concentration (MIC) of the 
plant extract was determined using the broth 
dilution technique with minor modifications. A stock 
solution of 100 mg/mL was serially diluted with 
Mueller–Hinton broth to obtain desired 
concentrations. In brief, 4.0, 3.0,2.0,1.0 and 0.5mL 
of the stock solution were aseptically mixed with 
1.0, 2.0, 3.0, 4.0, 4.5mL sterile broth respectively to 
achieve concentrations of 80, 60, 40, 20, and 10 
mg/mL, with each test tube adjusted to a final 
volume of 5 mL. Each tube was inoculated with 0.5 
mL of standardized bacterial suspension equivalent 
to the 0.5 McFarland standard. A tube containing 
only Mueller–Hinton broth served as the negative 
control. The tubes were examined for turbidity after 



A.S. Adedeji et al.                             .             Afr J Pharm Res Dev, 18(2), 2026, 784-798 
 

787 

 

incubation at 360 C for 24 h. The MIC was recorded 
as the lowest concentration of the extract that 
showed no visible bacterial growth [27,28]. 
 
Evaluation of the Minimum Bactericidal 
Concentration (MBC)  
The MBC of the extract was determined to evaluate 
its bactericidal activity. Briefly, 0.1 mL aliquots from 
MIC tubes showing no visible bacterial growth and 
were aseptically subcultured onto freshly prepared 
Mueller–Hinton agar plates. After incubation at 
37°C for 24 h, the plates were observed for 
bacterial growth. The MBC was taken as the lowest 
concentration of the extract that produced no visible 
colony growth or resulted in at least 99% reduction 
of the initial bacterial population [27]. 
 

Statistical Analysis 
All experiments were carried out in triplicate, and 
the results obtained were expressed as the mean ± 
standard deviation. The data were graphically 
represented and statistically analyzed using 
analysis of variance (ANOVA), followed by Tukey’s 
HSD post hoc test. Statistical significance was 
established at p < 0.05 using IBM SPSS Statistics 
Version 20. 
      

RESULTS 
 Confirmation and Identification of Bacterial 
Isolates 
 Morphological Characteristic of Bacterial 
Isolates  
The six (6) selected bacterial isolates investigated 
in this study showed different morphological 
characteristics when sub-cultured on Nutrient Agar 
as presented in Table 1. The differences are 
evident in terms of colony shape, surface texture, 
opacity, margin, elevation, and pigmentation, 
indicating the presence of phenotypically diverse 
bacterial populations. 
 
Biochemical Characterization 
The cellular morphology, Gram staining reaction, 
and biochemical characterization of the six bacterial 
isolates suggest their classification into five 
probable groups, namely Pseudomonas sp. (Ak1), 
Escherichia sp. (Ak2), Klebsiella spp. (Ak3 and 
Ak4), Staphylococcus sp. (Ak5), and Bacillus sp. 
(Ak6) (Table 2). 

Gram staining revealed that isolates Ak1–Ak4 were 
Gram-negative, appearing as pink-stained rods 
under the microscope. In contrast, isolates Ak5 and 
Ak6 were Gram-positive, retaining the crystal violet 
stain and appearing purple. 
The biochemical profiles further supported these 
groupings. Isolate Ak1 displayed an oxidase-
positive reaction, a feature commonly associated 
with Pseudomonas species, alongside metabolic 
versatility typical of this group. Isolate Ak2 
demonstrated lactose fermentation and indole 
production, characteristics widely used in the 
presumptive identification of Escherichia coli. 
Isolates Ak3 and Ak4 were lactose fermenters and 
exhibited mucoid growth, suggestive of Klebsiella 
species. Isolate Ak6 was identified as a Gram-
positive, rod-shaped bacterium that was catalase-
positive, consistent with characteristics generally 
attributed to Bacillus species. In contrast, isolate 
Ak5 exhibited Gram-positive cocci morphology and 
tested positive for catalase, aligning with features 
commonly observed in Staphylococcus species. 
 
Antibiotic Susceptibility Profile or Patterns 
The antibiotic susceptibility and resistance profiles 
of the Gram-negative and Gram-positive isolates 
are presented in Tables 3 and 4, respectively. 
Classification of the isolates as resistant (R), 
susceptible (S) or intermediate (I) was based on 
criteria outlined by CLSI. The findings revealed that 
all isolates exhibited multidrug resistance, with MAR 
index values ≥ 0.2. 
All Gram-negative isolates demonstrated complete 
resistance to amoxicillin, ceftriaxone, cefotaxime, 
nalidixic acid, imipenem, ampiclox, cefuroxime, and 
cefixime. However, they exhibited susceptibility to 
ofloxacin. The MAR indices of these isolates were 
generally high, with Escherichia sp. exhibiting the 
highest level of resistance (MAR index values of 
0.83). 
In contrast, the Gram-positive isolates 
demonstrated relatively lower MAR index values. 
Staphylococcus sp. and Bacillus sp. had MAR 
indices of 0.67 and 0.33, respectively. Both isolates 
were resistant to amoxicillin, cefoaxime, 
erythromycin, gentamycin, while remaining 
susceptible to azithromycin, ofloxacin, and 
levofloxacin

.



A.S. Adedeji et al.                             .             Afr J Pharm Res Dev, 18(2), 2026, 784-798 
 

788 

 

Table 1: Morphological Characteristics of Bacterial Isolates

Isolates Codes Colony Shape Elevation Margin Surface/Texture Color/Pigmentation Opacity 

Ak1 
Irregular Flat Undulate Smooth, moist Greenish/blue-green Translucent 

Ak2 
Circular Convex Entire Smooth, moist Cream/off-white Opaque 

Ak3 
Circular Convex Entire Mucoid, smooth Cream Opaque 

Ak4 
Circular Convex Entire Highly mucoid Cream Opaque 

Ak5 

Circular Convex Entire Smooth, glistening Golden yellow/cream Opaque 

Ak6 
Irregular Flat/raised Lobate/undulate Rough, dry Whitish Opaque 
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Table 2: Biochemical Characteristics of Bacterial Isolates 
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           Slant Butt     

Ak1 -ve R - - - + + - + + Alk Alk - - + Pseudomonas sp 

Ak2 -ve R + + - - + - + - Acid Acid + - + Echerichia  sp. 

Ak3 -ve R - - + + - + + - Acid Acid + - + Klebsiella sp 

Ak4 -ve R - - + + - + + - Acid Acid + - + Klebsiella sp 

Ak5 +ve C - + + + - + - - N/A N/A + - - Staphylococcus sp 

Ak6 +ve R - - + + + - + - Acid Acid - - - Bacillus sp 
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Table 3: Antibiotic Susceptibility and Resistance Profile of Gram-Negative Isolates 

Key: AUG- Amoxicillin, IMP- Imipenem/Cilastatin, CTX- Cefotaxime, OFX- Ofloxacin, GN- Gentamicin, NA- Nalidixic Acid, NF- Nitrofurantoin, CXN- Cefuroxime, 
CRO- Ceftriaxone-Sulbactarm, ACX- Ampiclox, ZEM -Cefexime, LBC- Levofloxacin
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Ak1 0R 0R 0R 18S 7R 0R 15I 0R 10R 0R 0R 15I 0.75 Pseudomonas  sp. 

Ak2 0R 0R 0R 16S 0R 0R 11R 0R 0R 0R 07R 0R 0.83 Echerichia   sp. 

Ak3 0R 0R 07R 18S 14I 0R 13R 0R 0R 0R 0R 20S 0.75 Klebsiella   sp. 

Ak4 0R 0R 0R 18S 7R 0R 15I 0R 10R 0R 0R 15I 0.75 Klebsiella   sp. 

 
Table 4: Antibiotic Susceptibility and Resistant Profile of Gram-Positive Isolates 

 
 
 
 
 
 
 
 
 
 

Key: AUG- Amoxicillin clavulanate, CTX- Cefoxime, CRO - Cefriaxone-Subtazosin, ZEM - Cefexime, LBC-Levofloxacin, CIP- Ciprofloxacin, MP- Imipenem/Cilastatin, CXM- 
Cefuroxime, OFX- Ofloxacin, ER - Erythromycin, GN- Gentamycin, AZN- Azithromycin
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Ak5 0R 0R 0R 0R 18S 0R 11R 14I 18S 0R 0R 21S 0.67 Staphylococcus sp 
Ak6 11R 13R 16I 19I 18S 17S 18S 15I 20S 0R 0R 18S 0.33 Bacillus sp 



A.S. Adedeji et al.                             .             Afr J Pharm Res Dev, 18(2), 2026, 784-798 
 

791 

 

Antibacterial Activity of the Ethanolic Extract of Baobab 
The ethanolic extract exhibited antibacterial activity 
against the test organisms, with inhibitory effects 
increasing progressively as the extract concentration 
increased (Figure 1). For instance, at the highest 
concentration (100 mg/mL), all isolates were 
susceptible, with zones of inhibition ranging from 14 
± 0.8 mm to 24 ± 1.4 mm, indicating the strong 
antibacterial potential of the extract. However, a 
progressive reduction in diameter of inhibition zones 
was observed across all bacterial isolate, as 
concentration decreases (50, 25, and 12.5mg/mL). 
However, as the concentration decreased (50, 25, 
and 12.5 mg/mL), a progressive reduction in the 
diameter of Among the tested isolates, 

Staphylococcus sp. exhibited the highest 
susceptibility at 100 mg/mL (24 ± 1.4 mm), followed 
closely by Bacillus sp. (22 ± 1.3 mm) and 
Pseudomonas sp. (22 ± 1.5 mm). Moderate activity 
was observed against Klebsiella sp. [AK3] (16 ± 0.6 
mm), Escherichia sp. (15 ± 1.2 mm), and Klebsiella 
sp. [AK4] (14 ± 0.8 mm). At the least concentration 
(12.5 mg/mL), antibacterial activity was retained in 
some isolates such as Pseudomonas sp., Klebsiella 
sp. [AK3]. Staphylococcus sp., and Bacillus sp., 
although with reduced efficacy. In contrast, 
Escherichia sp. and Klebsiella sp. [AK4] showed no 
susceptibility, suggesting a higher resistance 
threshold. 

 
Antibacterial Activity of Aqueous Extract of 
Baobab 
The antibacterial activity of the aqueous extract 
against the tested bacterial isolates is presented in 
Figure 2. The results showed a concentration-
dependent inhibitory effect across all susceptible 
isolates. 
At the highest concentration (100 mg/mL), all isolates 
exhibited measurable inhibition zones. 
Pseudomonas sp. and Bacillus sp. showed similar 
levels of activity (14 ± 2.0 mm and 14 ± 1.4 mm, 
respectively), while Staphylococcus sp. exhibited the 
highest inhibition (15 ± 1.6 mm). Moderate activity 
was observed for Klebsiella sp. [AK4] (9 ± 1.5 mm) 
and Klebsiella sp. [AK3] (8 ± 0.8 mm), whereas 
Escherichia sp. showed the least susceptibility (6 ± 
0.4 mm). 
At 50 mg/mL, a reduction in antibacterial activity was 
observed. Staphylococcus sp. and Bacillus sp. 
maintained relatively higher inhibition (10 ± 1.2 mm 
and 10 ± 1.3 mm, respectively), followed by 
Pseudomonas sp. (9 ± 0.3 mm). Lower inhibition 
zones were recorded for Klebsiella sp. [AK4] (7 ± 1.7 
mm) and Klebsiella sp. [AK3] (6 ± 1.2 mm), while 
Escherichia sp. exhibited no inhibition. At 25 mg/mL, 
only Pseudomonas sp. (6 ± 0.6 mm), 
Staphylococcus sp. (8 ± 1.6 mm), and Bacillus sp. (7 
± 1.7 mm) showed measurable inhibition, whereas 
Klebsiella species [AK3 and Ak4] and Escherichia 
sp. showed no inhibition. At 12.5 mg/mL, no 
inhibition was observed in any of the isolates. 

 
Minimum Inhibitory Concentration 

The minimum inhibitory concentrations (MICs) of 
both ethanolic and aqueous extracts of Adansonia 
digitata are presented in Table 5. The ethanolic 
extract demonstrated greater antibacterial activity 
compared to the aqueous extract. Gram positive 
bacteria, including Bacillus sp. and Staphylococcus 
sp. exhibited the same MIC value of 20 mg/mL, 
indicating higher susceptibility. Gram-negative 
bacteria, including Klebsiella species [AK3 and AK4], 
and Pseudomonas sp., recorded an MIC of 40 
mg/mL, while Escherichia coli had MIC of 60mg/mL, 
reflecting moderate susceptibility. 
Minimum Bactericidal Concentration  
The ethanolic extract displayed a notable bactericidal 
effect against the test organisms at varying 
concentrations. Staphylococcus sp., Bacillus sp., and 
Pseudomonas sp. were completely killed at 40 
mg/mL, indicating strong bactericidal efficacy at this 
concentration. In addition, Klebsiella sp. [AK3] and 
Pseudomonas sp. exhibited bactericidal activity at 60 
mg/mL, while Klebsiella sp. [AK4] required a higher 
concentration of 80 mg/mL for a complete 
bactericidal effect. However, Escherichia sp. 
remained resistant to the bactericidal activity of the 
ethanolic extract across all tested concentrations. 
Conversely, the aqueous extract exhibited no 
bactericidal effect against any of the tested isolates, 
as all organisms were resistant at the concentrations 
evaluated (Table 6). 
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Figure 1: Antibacterial activity of ethanolic leaf extract at varying concentrations  
 

 
 
Figure 2: Antibacterial activity of aqueous leaf extract at varying concentrations  
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Table 5: Minimum Inhibitory Concentration for Baobab ethanolic extract 
 

Bacterial Isolates Minimum Inhibitory Concentration (mg/ml) 

Ethanol Aqueous 

Pseudomonas sp. 40 60 

Klebsiella sp. [AK3] 40 60 

Escherichia sp. 60 - 

Klebsiella sp. [AK4] 40 80 

Staphylococcus sp. 20 40 

Bacillus sp. 20 40 

 
Key: no effect (-) 
 
Table 6: Minimum Bactericidal Concentration of Baobab Extract 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Key: no effect (-) 
 
 
 

Bacterial Isolates Minimum Bactericidal Concentration (mg/ml) 

Ethanol Aqueous 

Pseudomonas sp. 60 - 

Klebsiella sp. [AK3] 60 - 

Escherichia sp. - - 

Klebsiella sp. [AK4] 80 - 

Staphylococcus sp. 40 - 

Bacillus sp. 40 - 
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DISCUSSION 
The increasing prevalence of multidrug-resistant 
(MDR) bacteria has turned out to be a serious and 
growing global challenge. Although these 
pathogens were once considered rare, they have 
now become widespread across many regions of 
the world, contributing significantly to rise in disease 
burden and treatment failure. In the present study, 
antibiotic susceptibility testing (AST) confirmed that 
the selected isolates (Gram-negative and Gram-
positive) were multidrug-resistant (MAR indices ≥ 
0.2), with Gram-negative bacteria exhibiting a 
significantly greater propensity for resistance. This 
result aligns with the study of [29], who observed 
that Gram-positive bacteria exhibit higher 
susceptibility to antibiotics compared with Gram-
negative bacteria. Similarly, hospital-based studies 
have documented a greater prevalence of multidrug 
resistance among Gram-negative pathogens 
compared to Gram-positive isolates [30,31]. 
The resistance observed among 
Enterobacteriaceae isolates in this study agrees 
with the findings of [32], who documented complete 
(100%) resistance of Enterobacteriaceae to several 
commonly used antibiotics, including vancomycin, 
ampicillin, carbenicillin, methicillin, clindamycin, 
erythromycin, tetracycline, and 
trimethoprim/sulfamethoxazole. Likewise, the 
resistance profile of Gram-positive isolates 
corelates with [33], who documented multidrug 
resistance in 34.5% of Staphylococcus species, 
including resistance to aminoglycosides, 
fluoroquinolones, and β-lactam antibiotics. 
The increasing trend of antibiotic resistance is 
predominantly driven by the overuse and misuse of 
antibiotics, resulting in treatment failure, increased 
morbidity, and mortality. This situation underscores 
the urgent need for alternative therapeutic options. 
Plant-derived compounds have therefore gained 
increasing attention due to their diverse 
phytochemical constituents and reported 
antimicrobial properties [34-36]. 
In the present study, baobab (Adansonia digitata) 
leaf extracts demonstrated notable antibacterial 
activity against the tested organisms, with both 
ethanolic and aqueous extracts showing inhibitory 
effects, although the ethanolic extract was 
consistently more effective. This finding is in 
agreement with [37], who reported similar activity 
against Staphylococcus aureus and Escherichia 
coli, and with [38] Magashi et al. (2018), who 
observed inhibition of several clinical isolates, 
including Klebsiella pneumoniae, Staphylococcus 
aureus, Proteus mirabilis, Pseudomonas 
aeruginosa, and Streptococcus pneumoniae, 

except for E. coli, which showed resistance. 
Furthermore, [39] reported that the leaf and pulp 
extract extracts of baobab exhibited strong 
antibacterial activity against Enterococcus faecalis, 
and in some cases, surpassed conventional 
antibiotics. 
The observed antibacterial effects may be linked to 
its bioactive constituents such as phenolics, 
flavonoids, alkaloids, tannins, saponins, and 
terpenoids, which are widely recognized for their 
antimicrobial properties [40,35]. In addition, the 
higher efficacy of the ethanolic extract compared to 
the aqueous extract was observed. This may be 
due to the efficiency of ethanol in extracting a wider 
range of bioactive compounds, particularly non-
polar constituents responsible for antimicrobial 
activity [41]. Statistical analysis further confirmed 
that the antibacterial activity was significantly 
affected by both extract type and the concentration 
used (p < 0.05). 
In addition, the extract exhibited strong activity 
against Gram-positive bacteria including Bacillus 
sp. and Staphylococcus sp. than against Gram-
negative bacteria, probably because of variation in 
their cell wall architecture. Gram-negative bacteria 
have an outer lipopolysaccharide membrane that 
functions as a barrier, limiting the penetration of 
antimicrobial agents and thereby contributing to 
their higher level of resistance [42]. Among the 
Gram-negative isolates, Escherichia sp. and 
Klebsiella sp. [AK4] exhibited higher resistance, 
particularly at lower concentrations, while 
Pseudomonas sp. showed comparatively moderate 
susceptibility, suggesting partial effectiveness of the 
extract against its intrinsic resistance mechanisms. 
The absence of activity at lower concentrations, 
especially in the aqueous extract, indicates sub-
inhibitory levels insufficient to suppress bacterial 
growth. 
Minimum inhibitory concentration (MIC) results 
further confirmed the superior efficacy of the 
ethanolic extract, as evidenced by generally lower 
MIC values across isolates. Gram-positive bacteria 
recorded lower MIC values (20-40 mg/mL), 
indicating higher susceptibility, in contrast, higher 
MIC values were observed in Gram-negative 
bacteria, which may be due to permeability barriers 
and efflux mechanisms [43,44]. Escherichia sp. 
showed the highest level of resistance, with no 
observable inhibition in the aqueous extract, 
suggesting an MIC greater than 80 mg/mL, 
consistent with reports of efflux pump activity and 
membrane impermeability in this organism [45]. 
Similarly, Klebsiella species [AK3 and AK4] 
exhibited elevated MIC values, likely due to capsule 
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formation and biofilm production [46]. Minimum 
bactericidal concentration (MBC) results showed 
that the ethanolic extract possessed appreciable 
bactericidal activity, particularly against Gram-
positive bacteria, with MBC values as low as 40 
mg/mL for Staphylococcus sp. and Bacillus sp. In 
contrast, Gram-negative bacteria exhibited higher 
MBC values or no bactericidal response within the 
tested range, highlighting their greater intrinsic 
resistance. The aqueous extract exhibited no 
bactericidal activity against the tested isolates, 
suggesting a predominantly bacteriostatic effect. 
This might be explained by the limited solubility of 
active compounds in polar solvents like water [17]. 
The observed differences between MIC and MBC 
values indicate that higher concentrations are 
required for bactericidal effects than for growth 
inhibition, which is consistent with established 
antimicrobial principles [18,47]. 
The ability of baobab leaf extracts, particularly the 
ethanolic fraction, to inhibit multidrug-resistant 
isolates is noteworthy, and suggest their potential 
application in drug development 
 

CONCLUSION  
The results of this study provide scientific evidence 
on the antibacterial activity of the leaf extracts of 
Baobab (Adansonia digitata L.) against multidrug-
resistant bacteria, indicating its potential use as an 
alternative antibacterial agent. Future studies 
should therefore focus on evaluating Adansonia 
digitata leaf extracts on broader range of bacterial 
strains, analyzing their phytochemical composition, 
and determining their toxicity and safety profile. 
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