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Abstract

Background
Medicinal plants remain widely used in the management of infectious diseases in low- and middle-
income countries, yet experimental evidence supporting the antibacterial activity of specific plant parts
remains inconsistent. This study evaluated the plant-part–specific antibacterial activity of crude
ethanolic extracts of Mangifera indica against Salmonella typhi under controlled laboratory conditions.

Methods
An exploratory in vitro study was conducted using crude ethanolic extracts prepared from the seed
kernel, stem bark, and root of Mangifera indica, as well as a combined extract. Antibacterial activity was
assessed using the agar well diffusion method. Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) were determined using broth microdilution and sub-culture techniques.
A standardized bacterial inoculum (0.5 McFarland) of Salmonella typhi was used. Experiments were
conducted in triplicate (n = 3). Tetracycline (6.667 µg/mL) served as the positive control, while dimethyl
sulfoxide (DMSO) was used as the negative control. All assays were incubated at 37°C for 24 hours.

Results
The seed kernel extract demonstrated measurable antibacterial activity, producing a mean zone of
inhibition of 18.0 ± 0.7 mm. The combined extract showed lower activity (11.5 ± 0.7 mm), while stem
bark and root extracts showed no detectable activity. One-way ANOVA demonstrated a statistically
significant difference among treatments, p < 0.0001. Both active extracts exhibited an MIC of 16.67
mg/mL and an MBC of 33.34 mg/mL. The MBC/MIC ratio was 2 for both extracts, which is consistent
with bactericidal activity under the in vitro conditions employed.

Conclusions
Crude ethanolic extract of Mangifera indica seed kernel exhibited in vitro antibacterial activity against
Salmonella typhi, with evidence of plant-part specificity and reduced activity in combined extracts. These
findings are limited to preliminary laboratory observations and do not imply clinical effectiveness.

Introduction
Infectious diseases remain a major cause of morbidity and mortality worldwide, with a disproportionate
burden in low- and middle-income countries where access to diagnostic services and effective
antimicrobial therapy is often limited. In such contexts, plant-based remedies continue to play an
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important role in primary health care due to their accessibility, affordability, and cultural acceptance (1,
2).

The global increase in antimicrobial resistance among bacterial pathogens has renewed interest in plant-
derived substances as potential sources of novel antimicrobial agents (3). While this interest is often
linked to drug discovery efforts, a considerable number of studies remain at the level of preliminary in
vitro screening. Reported antibacterial activity within the same plant species can vary depending on
factors such as plant part, extraction solvent, extract concentration, and experimental design (4–6).

Mangifera indica L. (M. indica), family Anacardiaceae, commonly known as mango, is widely cultivated in
tropical and subtropical regions and has a long history of ethnomedicinal use (7, 8). Different parts of
the plant, including the seed kernel, stem bark, leaves, and roots, have been used traditionally in the
management of gastrointestinal disorders and febrile illnesses, including conditions locally associated
with typhoid fever (9, 10). Despite this broad ethnomedicinal application, experimental evaluations of M.
indica have produced variable findings, particularly with respect to antibacterial activity across different
plant parts (11, 12).

Typhoid fever, caused by Salmonella enterica serovar Typhi (S. typhi), remains a public health concern in
many developing regions, including sub-Saharan Africa. In Uganda, recurrent outbreaks have been
associated with inadequate water supply, poor sanitation, and high population density (13). Although
antimicrobial therapy remains central to disease management, challenges related to antimicrobial
resistance and access to treatment continue to motivate exploratory investigations into locally available
plant-based alternatives (14, 15).

Within this context, this study evaluated the in vitro antibacterial activity of crude ethanolic extracts of
selected parts of Mangifera indica against Salmonella typhi, with emphasis on plant-part specificity. This
was done to generate preliminary evidence on which parts of M. indica demonstrate measurable
antibacterial activity against S. typhi under controlled laboratory conditions, given the continued
ethnomedicinal use of the plant and the variability in prior reports.

Materials and methods

Study design
This study was designed as an exploratory in vitro laboratory investigation aimed at evaluating the
antibacterial activity of crude ethanolic extracts prepared from selected parts of Mangifera indica against
Salmonella typhi.

Study area and laboratory setting
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All laboratory procedures were conducted at the Biosciences Laboratory, Department of Biological
Sciences, Kyambogo University, Kampala, Uganda.

Bacterial strain and culture conditions
A laboratory strain of Salmonella typhi previously characterized by polymerase chain reaction (PCR) was
obtained from the Biosciences Laboratory, Kyambogo University (16). The strain was maintained in
glycerol stocks at − 80°C, revived on tryptone soya agar, and working cultures maintained at 4°C.

Collection and identification of plant materials
Fresh, disease-free seed kernels, stem bark, and roots of Mangifera indica L. (family Anacardiaceae) were
collected from a single mature cultivated mango tree located in Omaa Village, Lira City East Division, Lira
City, Uganda (2°10'26.6"N, 32°54'49.1"E; 1101 m above sea level). Permission to collect the plant
materials was obtained from the landowner.

The plant material was identified by the first author, Ivan Ronald Omara, based on standard
morphological characteristics of Mangifera indica L. A voucher specimen was subsequently deposited at
the Makerere University Herbarium, Makerere University, Kampala, Uganda, under voucher number
MUH51645.

Samples were washed thoroughly with sterile distilled water, shade-dried at room temperature for 14
days, and ground into fine powder using a sterilized electric grinder. The powdered samples were stored
in sealed containers until extraction.

Preparation of crude ethanolic extracts
Crude extracts were prepared using ethanolic maceration (10). Five grams (5 g) of each powdered plant
material were soaked in 50 mL of ethanol (99.9%) for 72 hours at room temperature with intermittent
agitation. The mixtures were filtered using sterile filter paper (Whatman No. 1) and concentrated at 40°C
using a rotary evaporator to obtain dried crude extracts. Each extract was reconstituted in DMSO to
obtain a stock concentration of 66.67 mg/mL. A combined extract was prepared by mixing equal
volumes (1:1:1) of the seed kernel, stem bark, and root extracts.

Preparation of bacterial inoculum
Bacterial inoculum was prepared by suspending fresh colonies of Salmonella typhi in Mueller–Hinton
broth. The turbidity of the suspension was adjusted to 0.5 McFarland standard (approximately 1.5 × 10⁸
CFU/mL), verified spectrophotometrically at 600 nm to ensure consistency across assays (17). For each
independent replicate, a fresh inoculum was prepared.
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Agar well diffusion assay
Antibacterial activity was assessed using the agar well diffusion method (18). Mueller–Hinton agar
plates were uniformly inoculated with the standardized bacterial suspension using sterile cotton swabs.
Wells of 6 mm diameter were aseptically punched into the agar and filled with 100 µL of each plant
extract at a concentration of 66.67 mg/mL. Tetracycline (6.667 µg/mL) served as the positive control.
The tetracycline concentration was selected based on laboratory standard operating procedures for
comparative susceptibility screening. DMSO was used as the negative control.

Plates were incubated at 37°C for 24 hours. Zones of inhibition (including the well diameter) were
measured in millimeters using a digital caliper. All assays were performed in triplicate using three
independent bacterial inoculum preparations on three separate days.

Determination of minimum inhibitory concentration (MIC)
Minimum inhibitory concentration was determined using the broth microdilution method (19). Two-fold
serial dilutions of each extract were prepared in Mueller–Hinton broth to obtain final concentrations
ranging from 33.34 mg/mL to 2.08 mg/mL in 96-well microtiter plates. Each well was inoculated with
100 µL of standardized bacterial suspension (approximately 5 × 10⁵ CFU/mL final concentration). Plates
were incubated at 37°C for 24 hours. MIC was defined as the lowest concentration of extract that
showed no visible turbidity. Each MIC determination was performed in triplicate with independent
inoculum preparations.

Determination of minimum bactericidal concentration
(MBC)
Minimum bactericidal concentration was determined by sub-culturing 10 µL aliquots from wells that
showed no visible growth during MIC determination onto fresh Mueller–Hinton agar plates (20). Plates
were incubated at 37°C for 24 hours. The lowest concentration of extract that showed no bacterial
growth was recorded as the MBC. Each MBC determination was performed in triplicate.

Statistical analysis
All experiments were performed in triplicate, meaning three independent replicate experiments each
conducted on separate days with fresh bacterial inoculum preparations. Data are presented as mean ± 
standard deviation (SD) calculated from these three replicates (n = 3). Statistical analysis was performed
using one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test using GraphPad Prism
version 8. A p-value < 0.05 was considered statistically significant.

Biosafety and ethical considerations
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All procedures involving bacterial handling were conducted in accordance with standard biosafety
practices for non-clinical laboratory strains. No human participants or animal subjects were involved in
this study; therefore, formal ethical approval was not required. Plant material collection complied with
applicable local regulations and institutional guidelines for cultivated plant species. No protected,
endangered, or regulated plant species were involved in the study.

Results

Antibacterial activity
The seed kernel extract produced a mean zone of inhibition of 18.0 ± 0.7 mm (Table 1). The combined
extract produced 11.5 ± 0.7 mm. Stem bark and root extracts showed no detectable activity (0.0 ± 0.0
mm). Tetracycline (positive control, 6.667 µg/mL) produced 14.0 ± 0.7 mm. The negative control (DMSO)
showed no inhibition.

Table 1
Zones of inhibition (mm, mean ± SD) from three independent replicate experiments (n = 3)

Extract Zone of inhibition (mm)

Seed kernel 18.0 ± 0.7

Stem bark 0.0 ± 0.0

Root 0.0 ± 0.0

Combined extract 11.5 ± 0.7

Tetracycline (6.667 µg/mL) 14.0 ± 0.7

DMSO 0.0 ± 0.0

Note: The combined extract consisted of equal volumes (1:1:1) of seed kernel, stem bark, and root
extracts.

One-way ANOVA revealed a statistically significant difference among the extracts p < 0.0001. Tukey's
post-hoc analysis indicated that the seed kernel extract produced significantly larger zones of inhibition
compared to the combined extract (mean difference = 6.50 mm, p < 0.0001), stem bark (mean difference 
= 18.00 mm, p < 0.0001), and root extract (mean difference = 18.00 mm, p < 0.0001). No significant
inhibition was observed for stem bark and root extracts compared to the negative control.

Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC)
The seed kernel extract exhibited an MIC of 16.67 mg/mL and an MBC of 33.34 mg/mL (Table 2). The
combined extract showed identical values. The MBC/MIC ratio was 2 for both extracts, which is
consistent with bactericidal activity under the in vitro conditions employed.
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Table 2
Minimum inhibitory concentration (MIC) and minimum bactericidal

concentration (MBC) of active extracts from three independent
replicate experiments (n = 3)

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

Seed kernel 16.67 33.34 2

Combined extract 16.67 33.34 2

Discussion
In this study, antibacterial activity against Salmonella typhi was observed primarily in the seed kernel
extract of Mangifera indica and, to a lesser extent, in the combined extract. Stem bark and root extracts
did not exhibit measurable activity under the experimental conditions used. This clear differentiation
among plant parts indicates that antibacterial effects of M. indica against S. typhi are plant-part specific.

The observed inhibitory activity of M. indica seed kernel extract is consistent with previous laboratory
studies reporting antibacterial effects of mango seed kernel extracts against enteric bacteria (10, 21).

The absence of detectable antibacterial activity in the stem bark and root extracts contrasts with some
reports in the literature that have described antimicrobial effects from these plant parts under different
experimental conditions (6). This discrepancy likely reflects differences in extraction solvent, extract
concentration, bacterial strain susceptibility, or assay conditions.

Although the combined extract demonstrated inhibitory activity against S. typhi, its effect was
significantly lower than that of the seed kernel extract alone (mean difference = 6.50 mm, p < 0.0001).
This may reflect dilution of active constituents when extracts from different plant parts are combined.
Antagonistic interactions among extract components also cannot be excluded, though no formal
synergy testing was conducted (22, 23).

The MIC and MBC values obtained for the seed kernel and combined extracts (16.67 mg/mL and 33.34
mg/mL, respectively) are relatively high compared to purified antibiotics, which is expected for crude
plant extracts. The MBC/MIC ratio of 2 for both extracts is consistent with bactericidal activity under the
in vitro conditions employed.

Limitations
This study has several limitations inherent to preliminary in vitro screening investigations. Only one
laboratory strain of S. typhi was tested, and the MIC of tetracycline was not determined. Plant material
was collected from a single tree, which may limit generalizability across trees, growing conditions, and
seasons. Crude extracts were used without phytochemical characterization or toxicity assessment.
These limitations constrain generalizability but do not invalidate the primary finding that the M. indica
seed kernel extract exhibited antibacterial activity under the tested conditions.
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Conclusions
This study demonstrated that crude ethanolic extract of Mangifera indica seed kernel exhibited
measurable in vitro antibacterial activity against the tested laboratory strain of Salmonella typhi under the
experimental conditions used (triplicate independent experiments, 37°C incubation, 24 hours). Stem bark
and root extracts showed no detectable activity. The combined extract showed lower inhibitory activity
than the seed kernel extract alone. These findings provide laboratory evidence that antibacterial activity
in M. indica against S. typhi is plant-part specific. The results are preliminary and do not imply clinical
effectiveness or therapeutic applicability.

Future studies should include testing against multiple clinical isolates and ATCC reference strains of S.
typhi, phytochemical characterization of the active seed kernel extract, and cytotoxicity assessment to
evaluate safety.

Abbreviations
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Minimum bactericidal concentration
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Polymerase chain reaction
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Standard deviation
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S. typhi
Salmonella typhi

Declarations
Ethics approval and consent to participate

This study did not involve human participants or animal subjects; therefore, ethical approval and consent
to participate were not required.

Page 8/11



Consent for publication

The authors declare that this manuscript has not been published or accepted for publication or under
editorial review for publication elsewhere and thus consent to publish this manuscript with the BMC
Complementary Medicine and Therapies.

Availability of supporting data

The datasets used in this study are available from the corresponding author upon reasonable requests. 

Competing interests

The authors declare that they have no conflict of interest regarding the publication of this paper.

Funding

The authors did not receive support from any organization for the submitted work.

Authors’ contributions

Ivan Ronald Omara oversaw concept development, methodology; investigation; data curation; formal
analysis; writing-original draft; writing-review and editing.

Juliet Kyayesimira: Supervision; methodological guidance; critical review of the manuscript.
 Both authors read and approved the final manuscript.

Acknowledgements

The authors acknowledge Mr. Isabirye Isaac, Laboratory Technician at the Biosciences Laboratory,
Kyambogo University, for technical assistance and practical support during the laboratory work. The
authors also thank the Department of Biological Sciences, Kyambogo University, for providing laboratory
facilities and a supportive research environment. In addition, the authors are grateful to Dr. Mary
Namaganda, Curator of the Makerere University Herbarium, for support during herbarium preparation
and voucher deposition. The authors further acknowledge Mr. Michael Omodo, Mr. Andrew Kayondo,
Associate Professor John C. Ssepembwa, and other faculty in the Department of Disease Control and
Environmental Health, Makerere University School of Public Health, for their academic guidance and
support during manuscript development. The authors also appreciate their family and friends for their
encouragement and support during the study and manuscript preparation.

References
1. Khan MSA, Ahmad I. Herbal medicine: current trends and future prospects. New look to

phytomedicine. Elsevier; 2019. pp. 3–13.

Page 9/11



2. Welz AN, Emberger-Klein A, Menrad K. Why people use herbal medicine: Insights from a focus-group
study in Germany. BMC Complement Altern Med. 2018;18(1):1–9.

3. Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a global multifaceted phenomenon.
Pathog Glob Health. 2015;109(7):309–18.

4. Evans SM, Cowan MM. Plant products as antimicrobial agents. Cosmet Drug Microbiol.
2016;12(4):205–31.

5. Kebede T, Gadisa E, Tufa A. Antimicrobial activities evaluation and phytochemical screening of some
selected medicinal plants: A possible alternative in the treatment of multidrug-resistant microbes.
PLoS One [Internet]. 2021;16(3 March):1–16. Available from:
http://dx.doi.org/10.1371/journal.pone.0249253

6. Osei-Djarbeng SN, Kwarteng RO, Osei-Asante S, Owusu-Dapaah G. Comparative antimicrobial
activities of ethanolic extracts of leaves, seed and stem bark of Mangifera indica (Mango). J
Pharmacogn Phytochem [Internet]. 2020;9(1):1240–3. Available from: http://www.phytojournal.com

7. Lauricella M, Emanuele S, Calvaruso G, Giuliano M, D’Anneo A. Multifaceted health benefits of
Mangifera indica L. (Mango): The inestimable value of orchards recently planted in sicilian rural
areas. Nutrients. 2017;9(5).

8. Yadav D, Singh S, Mango. History origin and distribution. J Pharmacogn Phytochem [Internet].
2017;6(6):1257–62. Available from:
https://www.phytojournal.com/archives/2017.v6.i6.2226/mango-history-origin-and-distribution

9. Anand U, Jacobo-Herrera N, Altemimi A, Lakhssassi N. A comprehensive review on medicinal plants
as antimicrobial therapeutics: Potential avenues of biocompatible drug discovery. Metabolites.
2019;9(11):1–13.

10. Kamble VA, Somkuwar DO, Wankhade SJ. Chemical composition, antioxidant and antisalmonella
activity of Mangifera indica L. flower and seed kernel extracts. Int Curr Pharm J. 2016;5(10):82–93.

11. Djeussi DE, Noumedem JAK, Seukep JA, Fankam AG, Voukeng IK, Tankeo SB et al. Antibacterial
activities of selected edible plants extracts against multidrug-resistant Gram-negative bacteria. BMC
Complement Altern Med. 2013;13.

12. Sadiea RZ, Mozumder A, Mou MJ, Hasan SN, Sikder C, Akter S, et al. Evaluation of the antibacterial
potential of mango (Mangifera indica) seed kernels in Bangladesh. Front Trop Dis.
2024;5(October):1–10.

13. Ismail K, Maiga G, Ssebuggwaawo D, Nabende P, Mansourian A. Spatio-temporal trends and
distribution patterns of typhoid disease in Uganda from 2012 to 2017. Geospat Health.
2020;15(2):326–36.

14. Antillón M, Warren JL, Crawford FW, Weinberger DM, Kürüm E, Pak GD, et al. The burden of typhoid
fever in low- and middle-income countries: A meta-regression approach. PLoS Negl Trop Dis.
2017;11(2):1–21.

15. Crump JA. Progress in Typhoid Fever Epidemiology. Clin Infect Dis. 2019;68(Suppl 1):S4–9.

Page 10/11



16. Sunarno NS, Hartoyo Y, Amalia N, Febrianti T, Febriyana D, et al. Long-term Storage of Bacterial
Isolates by Using Tryptic Soy Broth with 15% Glycerol in the Deep Freezer (-70 to -80 C). IOP Conf Ser
Earth Environ Sci. 2021;913(1):6–11.

17. Koeth LM, DiFranco-Fisher JM, McCurdy S. A reference broth microdilution method for dalbavancin
in vitro susceptibility testing of bacteria that grow aerobically. J Vis Exp. 2015;2015(103):1–8.

18. Uthayarasa K, Pathmanathan K, Jeyadevan JP, Jeyaseelan EC. Antibacterial activity and qualitative
phytochemical analysis of medicinal plant extracts obtained by sequential extraction method. Int J
Integr Biol. 2010;10(2):76–81.

19. Miller RA, Walker RD, Carson J, Coles M, Coyne R, Dalsgaard I, et al. Standardization of a broth
microdilution susceptibility testing method to determine minimum inhibitory concentrations of
aquatic bacteria. Dis Aquat Organ. 2005;64(3):211–22.

20. Yousuf M, Ali A, Khan P, Anjum F, Elasbali AM, Islam A et al. Insights into the Antibacterial Activity of
Prolactin-Inducible Protein against the Standard and Environmental MDR Bacterial Strains.
Microorganisms. 2022;10(3).

21. Saleem K, Hayat Z, Tariq Z, Riaz T, Azam M. Profiling of phenolic compounds, antimicrobial,
antioxidant, and hemolytic activity of mango seed kernel using different optimized extraction
systems. J Food Sci. 2023;88(12):5002–11.

22. Ochollah GM, Msengwa SZ, Mabiki PF, Kusiluka JML, Mdegela HR, Olsen EJ. Antibacterial Effects of
Single and Combined Crude Extracts of Synadenium Glaucescens and Commiphora Swynnertonii.
Afr J Infect Dis. 2022;16(2):9–16.

23. Vaou N, Stavropoulou E, Voidarou C, Tsakris Z, Rozos G, Tsigalou C, et al. Interactions between
Medical Plant-Derived Bioactive Compounds: Focus on Antimicrobial Combination Effects.
Antibiotics. 2022;11(8):1–23.

Page 11/11


