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ABSTRACT: Infectious diseases are the primary concern for all mankind, and despite the discovery of antibiotics, the battle
is still eminent due to the rise in antibiotic resistance, posing the need to develop feasible alternatives. Since plants proved to
be sources of inspiration for novel drug compounds from their secondary metabolites, the present study aimed to investigate
the effect of the crude extracts from the leaves of Tamarindus indica against selected pathogenic bacteria, as the plant is
reported to have uncountable uses in traditional medicine. Maceration technique was employed for subsequent extraction of
crude extracts using acetone and ethanol as solvents. Antibacterial activity of each crude extract was evaluated at a
concentration of 100, 200 and 300 mg/ml through disk diffusion method. Tetracycline at 2.5 mg/ml and 1 ml of Tween 20 were
used as positive and negative controls, respectively. Through serial dilution starting from 300 to 4.6875 mg/ml, minimum
inhibitory concentration was also determined. The findings indicated that both acetone and ethanol crude extract showed
antibacterial activity at all concentrations on both S. aureus and K. pneumonia, being significantly different from the negative
control (P = 0.00), and insignificantly different from the drug (P > 0.05). However, K. pneumoniae showed more sensitivity to
the extracts than S. aureus. The MIC value of LAE on S. aureus and K. pneumoniae were 18.75 and 9.375 mg/ml, respectively,
whereas on the LEE, both showed MIC value of 18.75 mg/ml. The outcomes of this study indicated that the leaves have
antibacterial properties; however, further study on the mechanism of actions and other related properties is required for the
safe use of this plant in relation to the health problems.
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1. INTRODUCTION health throughout history, with bacterial infections posing

significant challenges to global healthcare systems. The
Infectious diseases have been a persistent threat to human  discovery of antibiotics in the early 20" century was initially
hailed as a turning point in modern medicine, offering
effective treatment against previously fatal infections [1].
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pathogens such as Staphylococcus aureus and Klebsiella
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pneumoniae contributing substantially to morbidity and
mortality worldwide [4, 5].

Plants have long served as a cornerstone of traditional
medicine, with historical records documenting their use in
treating infections, inflammation, and other ailments for
millennia [6, 7]. The therapeutic potential of plants lies in
their rich diversity of secondary metabolites, including
alkaloids, flavonoids, tannins, and phenolic compounds,
which exhibit broad-spectrum antimicrobial properties [8, 9].
These bioactive compounds often act synergistically,
reducing the likelihood of resistance development compared
to single-molecule antibiotics [10, 11]. In recent years,
ethnobotanical studies have increasingly focused on
validating the efficacy of medicinal plants through scientific
methods, bridging the gap between traditional knowledge
and modern pharmacology [12, 13].

Ethiopia, with its rich biodiversity and long-standing
tradition of herbal medicine, offers a vast repository of
medicinal plants that remain understudied in the context of
modern drug discovery [14, 15]. Traditional healers in
Ethiopia have used plants like Tamarindus indica (tamarind)
for centuries to treat ailments ranging from wound infections
to gastrointestinal disorders [16]. However, despite its
widespread use, the scientific validation of T. indica's
antimicrobial properties remains fragmented, particularly
concerning its leaves, which are less studied compared to its
fruit pulp [17]. This study focuses on T. indica leaves, which
are reported to possess bioactive compounds with potential
antibacterial effects, yet systematic investigations into their
efficacy against resistant pathogens are limited [18,19].

The novelty of this paper lies in its comprehensive
evaluation of T. indica leaf extracts against two clinically
relevant pathogens - S. aureus (a Gram-positive bacterium
associated with skin infections and sepsis) and K.
pneumoniae (a Gram-negative bacterium linked to
pneumonia and urinary tract infections). While previous
studies have examined T. indica's antimicrobial properties,
many have focused on fruit pulp or used non-standardized
extraction methods [20, 21]. This study employs sequential
maceration with acetone and ethanol, solvents chosen for
their varying polarities, to optimize the extraction of
bioactive compounds. Additionally, the study compares the
extracts' efficacy to tetracycline, a broad-spectrum antibiotic,
providing a direct benchmark for their potential clinical
utility. By determining the minimum inhibitory concentration
(MIC) and analyzing dose-dependent effects, this work offers
a more rigorous pharmacological assessment than many prior
studies, contributing valuable data for future drug
development efforts.

The rise of antibiotic resistance has prompted
researchers to explore alternative strategies, including
phytomedicine, combination therapies, and nanotechnology-
based drug delivery systems [13, 22]. However, plant-
derived antimicrobials remain particularly promising due to
their structural complexity, low toxicity, and compatibility
with traditional healthcare systems in resource-limited
settings [11, 23]. T. indica is an excellent candidate for such
investigations, as it is widely distributed across tropical

regions and has a well-documented history of medicinal use
[24, 17]. Previous studies have identified antimicrobial
activity in T. indica extracts against pathogens like
Escherichia coli, Pseudomonas aeruginosa, and Bacillus
cereus, but gaps remain in understanding their efficacy
against MDR strains [25, 26]. This study addresses this gap
by focusing on S. aureus and K. pneumoniae, both of which
are listed by the WHO as priority pathogens for new
antibiotic development [5].

The methodology adopted in this study aligns with
established protocols for phytochemical extraction and
antibacterial ~ testing, ensuring reproducibility and
comparability with existing literature [27, 28]. The disk
diffusion assay and MIC determination provide quantitative
measures of antibacterial activity, while statistical analyses
validate the significance of the findings. By incorporating
both Gram-positive and Gram-negative bacteria, the study
offers insights into the spectrum of activity of T. indica leaf
extracts, which is critical for assessing their potential as
broad-spectrum antimicrobial agents [29, 30]. Furthermore,
the use of two solvents (acetone and ethanol) allows for
preliminary comparisons of polar versus non-polar bioactive
compounds, informing future phytochemical isolation efforts.

This study contributes to the growing body of research
on plant-based antimicrobials by systematically evaluating T.
indica leaf extracts against resistant bacterial strains. The
findings not only validate traditional uses of the plant but also
highlight its potential as a source of novel antibacterial
compounds. Given the urgent need for new antimicrobial
agents, further research should focus on isolating the active
constituents, elucidating their mechanisms of action, and
evaluating their safety and efficacy in vivo. Such efforts
could pave the way for developing affordable, accessible, and
sustainable alternatives to conventional antibiotics,
particularly in regions where T. indica is readily available [19,
17].

2. EXPERIMENTAL DETAILS
2.1. Plant Material Collection

Fresh leaves of Tamarindus indica were collected from [ltang
Special Woreda, Gambella Region, about 801 km away from
Addis Ababa, Ethiopia in January, 2022. This district is
located in a latitude of 8'4'N to 8°5'N and 34'30°E to 33°55'E
longitude, and is classified as lowland with the altitude
ranging from 350 — 480 m above sea level. The climate is hot
humid with annual temperature of minimum and maximum
of 18.09°C and 39.34°C respectively, while the rainy season
having annual average rain fall of 1500 — 2000 mm. The
leaves were cut by scissors, wrapped in newspapers and put
in a sealable plastic bag separately and were brought to the
Department of Biology, Dilla University (DU), and identified
by the botanist. They were cleaned of any external
contaminants and dried under shade at room temperature in
the Microbiology Laboratory for about two weeks with a
careful and continuous follow up to avoid any contamination.
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After complete drying, the samples were ground using a
general purpose grinder to an appropriate size for extraction
with the help of 0.5 mm mesh and were measured by
electronic balance, labeled and stored in tightly closed glass
bottle, till their usage [6].

2.2. Crude Extraction and Yield

Maceration technique was adopted for this investigation due
to its excellent efficiency, and subsequent extraction was
used to get crude extracts using two analytical grade solvents
with increasing polarity, namely, acetone (an intermediary
polar) from Loba Chemie Pvt. Ltd and ethanol (a more polar
solvent) from Alpha Chemika, (India). By adopting the
protocols described in the literature with minor modification,
crude extraction was carried out starting with acetone,
followed by ethanol [6]. 100 g of Tamarindus indica leaves
was macerated for 24 hours (24 h) in acetone with the ratio
of 1:5 (w/v). After 24 h, filtration was made using a double
layer filter paper (Fisher brand, P2) giving filtrates and
residues. Residue was then macerated in ethanol for another
24 h with similar ratio as of acetone. The filtrates were
evaporated using Rota-vapor at 45°C to obtain crude extracts.
The crude mass obtained was weighed in grams (g), and
stored in small bottles in fridge at 4°'C, and their yield percent
was calculated by adopting the formula in shown below [23]:

Extract yield (%)
Dry weight of extract

= X 10
Dry weight of plant material 0

2.3. Antibacterial Activity
2.3.1. Test Bacteria

Two bacterial species of reference American Type Culture
Collection (ATCC), namely, Klebsiella pneumoniae (ATCC
700603) (representing Gram-negative) and Staphylococcus
aureus (ATCC 25923) (representing Gram-positive bacteria)
selected on the basis of their pathogenicity to cause frequent
and serious infections in humans were used for the study.
These bacterial samples were kindly supplied by the
Ethiopian Biodiversity Institute (EBI), Addis Ababa,
Ethiopia.

2.3.2. Preparation of Test Solutions

The crude extracts were further diluted to make three
different concentrations in separate flasks to get working
stock solutions of 100, 200 and 300 mg/ml concentrations.
These working solutions were prepared by transferring a
given mass (100 mg, 200 mg or 300 mg) of each extract to
sterile test tubes, each containing 1 ml of 3% Tween 20 to
give a concentration of 100 mg/ml, 200 mg/ml or 300 mg/ml,
respectively; the stocks were stored at 4°C until use.

2.3.3. Antibacterial Tests

The disk diffusion method was employed to evaluate the
antibacterial activity of the plant extract according to
procedures described in ref. [6] with some modification.
Paper disks with approximate diameter of 6 mm were
punched out from a sheet of absorbent filter paper, and were
sterilized in an autoclave at 121°C for 1 h. Each bacterial
strain was made to grow and activated on its selective
medium in the plate: MacConkey agar for Klebsiella
pneumoniae and Mannitol-Salt agar for Staphylococcus
aureus, and were incubated at 37°C for 24 h.

Few colonies of each strain were transferred with a
sterile inoculating loop to a nutrient broth until turbidity is
adjusted to that of McFarland 0.5 turbidity standard. Two
groups of plates containing Muller-Hinton agar were
prepared where the two bacterial strains were streaked using
sterile cotton swabs. One group of plates was used for testing
acetone extract and the other one for ethanol extract. The
external surface of each plate was divided into five parts as
each confine five paper discs: three discs containing extracts
at different concentrations, one for the positive control and
the remainder as negative control.

The disks were loaded with 50 pL of the crude extract
from each of the three measured concentration, at a separate
quadrant of each plate. On the other two quadrants, one disk
containing 30 puL of 2.5mg/ml Tetracycline, and a disk
immersed in 1ml of 3% Tween 20, each, was kept as positive
and negative controls respectively. All plates were then
incubated at 37°C for 24 h after which, the zone of inhibition
for each was checked, and the diameter was measured by
ruler (in mm) and recorded. The test was done in triplicate
and the result was expressed as average value of zone of
inhibition (ZOI) of each plant extract.

2.3.4. Determination of Minimum Inhibitory Concentrations
(MIC)

The MIC of the crude extract was determined according to
methods in [6]. The disk diffusion method was employed as
in the susceptibility tests, except that the disks were
immersed in each prepared concentration of the samples, and
each crude was tested at concentrations of 300, 150, 75, 37.5,
18.75, 9.375 and 4.6875 mg/ml. The MIC was taken as the
highest dilution (lowest concentrations) of the extract that
prevented the observable growth of the bacteria after a period
of 24 h of incubation at 37°C, as detected by an unaided eye,
and was recorded, and all the testes were performed in
triplicate.

2.3.5. Data Analysis and Interpretation
All the data obtained from the experimental result were

recorded by measuring (in mm) zones of growth inhibition
(ZOI) by the controls and of each crude extract on each
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bacterium, then taking the average (Mean =+ standard error of
the mean (SEM)) value of three tests. The results were
compared by wusing one-way analysis of variance
(ANOVA)/Tukey’s Honesty Significant Difference (HSD)
test, with 95% confidence intervals (CI) where P-value is less
than 0.05 showing significant difference.

3. RESULTS AND DISCUSSIONS

Despite much effort towards the management of infectious
diseases by antibiotics, subsequent antimicrobial resistance,
cost and the widespread side effects associated with
conventional drugs poses a need for new antimicrobial agents,
and the onus is on scientists to find solutions. In reviewing
the literature, plants are reported to have bioactive
compounds, which support their use in traditional medicine,
and can serve as sources drugs. Prior studies reported the
presence of a variety of bioactive phytoconstituents in
various parts of Tamarindus indica as being associated with
so many well-known health benefits in traditional medicine
including wound healing, snake bite, abdominal pain,
inflammations, helminth infections, antimicrobial as well as
antidiabetic, which can be the possibility of application in the
pharmaceutical industry, and that was therefore the basis for
the current study that evaluated the effect of leaf crude
extracts on S. aureus and K. pneumonia [11, 14, 7, 20].
Tetracycline (the reference drug) was used in this study, and
was chosen because it is a broad spectrum that is effective
against both aerobic and anaerobic gram-positive and gram-
negative pathogens and some protozoa.

Subsequent extraction of the Tamarindus indica leaf
resulted in two different crude extracts, namely, leaf acetone
extract (LAE) and leaf ethanol extract (LEE) with the
respective crude mass and percent yields 6.3 g (6.3%) and 8.0
g (9.2%), which revealed variation in the crude mass
obtained as the ethanol produced more crude than acetone.

This result is consistent with the work of ' whose work
involved acetone, chloroform and ethanol, with higher yield
obtained from ethanol followed by acetone. The results are
also in agreement with those obtained by ref. [23], in which
they worked with hexane, ethyl acetate, ethanol, methanol
and water, and obtained the lowest yield in hexane, which is
less polar than the rest of the solvents. Therefore, the
difference in the polarity of the solvents could be a major
factor, if not the only one, causing the variation in dissolution
of the sample, hence, ethanol is more polar than the acetone,
and the yield of the former is higher than that of the later.
However, with only two solvents, caution must be applied, as
the findings might not be generalizable to a broader range of
organic and inorganic solvents used in extraction processes.

The antibacterial activity of the extract against S. aureus
and K. pneumoniae is presented in Table 1, and interestingly
the findings indicated that the extracts from both the acetone
and ethanol showed activity on the test microorganisms. The
common tetracycline capsule, which served as positive
controls, also inhibit the growth of test bacterial pathogens at
a concentration of 2.5 mg/ml with maximum mean inhibition
values of 15.67+£0.67 and 16.33+0.88 mm against S. aureus
and K. pneumoniae, respectively.

The results of this study (Table 2) indicated that the
mean zones of growth inhibitions of the LAE against S.
aureus at 100, 200 and 300 mg/ml concentrations are
12.6740.33, 13.33+0.33 and 15.004+0.57 mm, respectively.
Accordingly, the results showed better inhibitory activities as
compared to the negative control (3% Tween 20), and the
ANOVA (one way) analysis indicated significant different
from it (P = 0.00). Though the activity of the extract on the
test organism increased with increase in concentration, the
Turkey post hoc tests however, indicated that these results
were not significantly different from each other, however,
multiple comparison with the positive control (drugs)
revealed that it is the highest concentration (300 mg/ml)
which was insignificantly different (P = 0.82).

Table 1. Qualitative presentation of growth inhibitory level of leaf crude extracts of 7. indica on the tested bacterial pathogens

as compared to the antibiotic.

Effect level Remarks
Test material Concentration Test bacteria
Staphylococcus aureus  Klebsiella pneumonia
Tween 20 I ml - -
Drug 2.5ml 4+ 4+ Drug Used:
Tetracycline

100 mg/ml + ++
LAE 200 mg/ml ++ +++

300 mg/ml +++ A

100 mg/ml ++ ++
LEE 200 mg/ml -+ ot

300 mg/ml A+ ++++

Key: LAE = Leaf Acetone Extract, LEE = Leaf Ethanol Extract; - = No effect, + = Weak effect, ++ = Moderate effect, +++
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= Strong effect, and ++++ =Very strong effect.

Table 2. Quantitative presentation of the inhibitory activity of the crude extract on the test bacteria as compared to the drug.

Inhibitory activity in mm

Test material Concentration Test bacteria
Level Staphylococcus aureus Klebsiella pneumonia
Mean + SEM P-value Mean + SEM P-value
Drug 2.5 mg/ml 15.67 £0.67* - 16.33 +0.88* -
100 mg/ml 12.67 £0.33° 0.00 15.33 £0.88 0.93
LAE 200 mg/ml 13.33+£0.33° 0.02 16.67 £ 1.20* 0.99
300 mg/ml 15.00 £ 0.57* 0.82 20.00 £1.15° 0.10
Drug 2.5 mg/ml 15.33 £0.332 17.00 £ 0.57*
100 mg/ml 12.33 £0.33° 0.00 13.67 +£0.33° 0.00
LEE 200 mg/ml 14.33 £0.332 0.20 16.00 £ 0.57* 0.62
300 mg/ml 15.67 £0.33* 0.92 17.67+£0.67* 0.86

Key: LAE = Leaf Acetone Extract; LEE = Leaf Ethanol Extract. Mean values with different superscripts in the same

column are significantly different.

Table 3. Minimum Inhibitory Concentration of crude extracts from the leaf and fruit pulp of Tamarindus indica.

Inhibitory activity in mm

Test material Concentration Level

Test bacteria

Staphylococcus aureus Klebsiella pneumonia
4.6875 mg/ml - -
9.375 mg/ml - +
18.75 mg/ml + +
37.5 mg/ml + ++
LAFE 75 mg/ml ++ +++
150 mg/ml ++ +++
300 mg/ml +H+ ++++
4.6875 mg/ml - -
9.375 mg/ml - -
18.75 mg/ml + +
LEE 37.5 mg/ml ++ ++
75 mg/ml + ++
150 mg/ml ++ +++
300 mg/ml +++ -+

Key: LAE = Leaf Acetone Extract; LEE = Leaf Ethanol Extracts. - = No effect, + = Weak effect, ++ = Moderate
effect, +++ = Strong effect, and ++++ = Very strong effect

Similarly, the mean zones of growth inhibitions recorded
against K. pneumoniae at concentrations of 100, 200 and 300
mg/ml were 15.33+0.88, 16.67+1.20 and 20.00+1.15 mm,
respectively, and having no significant different from the
drug (P =0.93, 0.99 and 0.10, respectively) as well as from
each other (Table 2), but significantly different from the
negative control (P = 0.00).

With respect to the LEE, the results indicate that both
the test bacteria were sensitive to the extract (Table 1).
Accordingly, the mean zone of growth inhibition against S.
aureus at concentrations of 100, 200 and 300 mg/ml were

respectively 12.33+0.33, 14.33+0.33 and 15.67+0.33 mm,
whereas against K. prneumoniae it showed 13.67+0.33,
16.00£0.57 and 17.67+0.67 mm at 100, 200 and 300 mg/ml
concentrations, respectively (Table 2). The most striking
observation to emerge from the data comparison for both the
test bacteria was the significant difference between the
extract and the negative control (3% Tween 20) (P = 0.00).
While there was no statistically significant difference in the
mean scores of these groups observed between each other,
the comparison of the crude with the drug however indicated
that only the higher concentrations (200 and 300 mg/ml) that
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showed no significant differences (P > 0.05) (Table 2). As
with the LAE, the effects of extracts on the growth of test
bacterial pathogens were concentration dependent; that is,
the higher degree of inhibition was observed from increased
concentration of extracts, which might be due to the
increased availability of the antibacterial compounds in the
media. With both LAE and LEE effective, the result revealed
that dilutions of various concentrations from each extract can
inhibit the growth of the investigated bacteria, (S. aureus and
K. pneumoniae) (Table 3). Accordingly, K. pneumoniae
showed more sensitivity to the LAE, having MIC value at
9.375 mg/ml than §. aureus’ 18.75 mg/ml MIC value;
however, the MIC value of LEE for both the test bacteria (S.
aureus and K. pneumoniae) was recorded at 18.75 mg/ml
concentration. Taken together, these results suggest that the
leaves have antibacterial properties.

The results of this study broadly support the work of
other studies in this area linking the crude extracts from the
leaf with their action on microorganisms, though the
extraction solvents and the test organisms involved could
vary. Consistent with the literature, this investigation
matches those observed in earlier studies which reported that
the aqueous and methanol extract of 7. indica leaves have
activity against E. coli and Shigella sp [20]. The results are
also in agreement with the work of ref. [26], which testified
that the methanol, acetone, benzene and hexane leaf extracts
have activity against Bacillus cereus, Escherichia coli,
Pseudomonas aeruginasa, Pseudomonas aeromonas and
Staphylococcus aureus. They also are in line with those of
previous studies by [21], which reported that the aqueous and
alcoholic (ethanol and methanol) extracts of leaf were highly
susceptible on Klebsiella sp., E.coli, Staphylococcus sp.,
Pseudomonas sp., and Bacillus sp., and are in accord with
recent studies by ref. [29], which investigated the leaf
chloroform and methanol extracts on E. coli, S. aureus and P,
mirabilis and revealed antibacterial activity, just to mention
a few. According to these data, it can be inferred that the
combinations of findings offer the potential usefulness of T.
indica and backing the validation for involvement in drug
discoveries.

Comparing the efficiency of the crude, each extract
showed high level of effectiveness on the test bacteria;
however, it is the acetone extract that showed higher
antibacterial activity than that of ethanol (Table 2). This also
accords with earlier observations in ref. [25], who worked on
acetone, methanol, chloroform and aqueous 7. indica leaf
extracts against bacteria that cause urinary tract infection,
namely, E. coli, P. aeroginosa, Klebsiella sp., and
Enterococcus sp., and which reported the highest
antibacterial activity from the acetone extract on all the test
pathogen. In regard to the test bacteria, K. pneumoniae
showed more sensitivity to the crude than S. aureus (Table 2).

4. CONCLUSION

that crude extracts
exhibit  significant

The present study demonstrates
from Tamarindus  indica leaves

antibacterial ~ activity = against  both Staphylococcus
aureus and Klebsiella ~ pneumoniae, supporting  their
traditional medicinal use. The acetone and ethanol extracts
displayed concentration-dependent inhibition, with K.
pneumoniae showing higher sensitivity than S. aureus.
Notably, the acetone extract exhibited superior efficacy,
particularly against K. pneumoniae, with an MIC of 9.375
mg/mL compared to 18.75 mg/mL for the ethanol extract.
These results align with prior studies on 7. indica and other
medicinal plants, reinforcing the potential of plant-derived
compounds as alternatives to conventional antibiotics in the
face of growing antimicrobial resistance. While this study did
not identify the specific phytochemicals responsible for the
observed antibacterial effects, the findings suggest the
presence of bioactive compounds such as tannins, flavonoids,
or alkaloids, which are commonly associated with
antimicrobial properties in plants. The comparable efficacy
of the extracts to tetracycline underscores their therapeutic
potential, though further research is essential to isolate and
characterize the active constituents. Additionally,
mechanistic studies are needed to determine whether the
extracts act through cell wall disruption, protein synthesis
inhibition, or other pathways. The limitations of this study
include the absence of phytochemical profiling and in vivo
validation, which are critical for translating laboratory
findings into clinical applications. Future investigations
should explore the toxicity, pharmacokinetics, and
synergistic effects of 7. indica extracts with existing
antibiotics. Moreover, expanding the scope to include a
broader range of bacterial strains and solvent systems could
enhance the generalizability of the results. This study
provides empirical evidence supporting the ethnomedicinal
use of 7. indica leaves as an antibacterial agent. It contributes
to the growing body of research on plant-based
antimicrobials and paves the way for future drug
development efforts aimed at combating antibiotic-resistant
infections. Collaborative efforts between ethnobotanists,
pharmacologists, and biomedical researchers are essential to
harness the full therapeutic potential of this plant.
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