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Antimicrobial resistance is a global threat. On the other hand, Bangladesh

produces high-quality mangoes, yet the mango coat and seed kernel, which

contain medicinal components, remain unused. Therefore, this study

investigated the antibacterial potential and toxicity of ethanol extracts from

mango (Mangifera indica) seed kernels, which specifically target the bacterial

strains Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Klebsiella

sp. Amrapali variant mango seeds were collected, dried, ground into a fine powder,

and extracted with ethanol at various ratios. The efficacy of the crude extract was

tested via the disc diffusion method. The results demonstrated significant

antibacterial activity against gram-positive bacteria (S. aureus and B. cereus),

with clear zones of inhibition observed, especially in a dose-dependent manner.

The pure crude extract inhibited the growth of S. aureus with a zone of 23 mm,

identical to that produced by doxycycline. However, the extract exhibited limited

activity against gram-negative bacteria (E. coli and Klebsiella sp.). Additionally, the

extract was effective against multidrug-resistant S. aureus. The pure crude extract

produced a 22.5 mm zone of inhibition against multidrug-resistant S. aureus,

which was slightly smaller than that of gentamicin (23 mm) but larger than those of

chloramphenicol (21 mm), vancomycin (20 mm), and tetracycline (16 mm). In vivo

toxicity was assessed in mice, revealing no significant adverse effects on the

hepatic structure or renal cortex at lower doses (100 ml of pure crude extract).

However, higher doses caused mild histopathological changes in the liver and
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kidneys. These findings suggest that mango seed kernel extract holds promise as

an alternative antibacterial agent, particularly against gram-positive and antibiotic-

resistant bacteria, while being relatively safe at lower doses. Further research is

needed to elucidate the active compounds, mechanisms of action, and broader

applications of this extract in combating antibiotic-resistant bacterial infections.
KEYWORDS
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Introduction

Humans and animals worldwide suffer from bacterial diseases,

which pose significant health threats. Several bacterial pathogens,

such as Escherichia coli, Staphylococcus aureus, Salmonella sp.,

Pseudomonas aeruginosa, and Bacillus subtilis, cause diseases in

both humans and animals (1). These diseases can only be treated

with antibiotics. However, many bacteria have developed resistance

to a variety of commercially available synthetic antimicrobial

agents. The World Health Organization (WHO) has identified

antibiotic resistance as a public health problem of international

concern (PHIC). Consequently, various investigations have shown

that herbs offer convenient, safe, and affordable sources of

alternative medications (2). Since the introduction of modern

drugs, plant-derived products such as gums, oils, and extracts

have been used for therapeutic purposes, and they continue to

provide health coverage for more than eighty percent of the world’s

population (3, 4). Serious attention is being given to medicinal

plants, as evidenced by the recommendation given by the WHO in

1970 (5). The WHO emphasizes the need to include traditional

remedies within national drug policies since these plants serve as

the best sources of a variety of drugs.

Therefore, it is important to study plants to understand better

their properties, safety, and efficacy for improved benefits. The first

plant compound with antimicrobial activity was reported in the

1930s, and many plant compounds are readily available from herbal

suppliers and natural food stores (6). In Africa, self-medication with

these substances is common and growing in popularity (7).

Mango (Mangifera indica) is a broad evergreen canopy tree

from the family Anacardiaceae and genus Mangifera, comprising

sixty-nine different species (8, 9). It is presumed that mangoes
, Ampicillin-sulbactam;

s; C, Chloramphenicol;

, Gentamicin; g, Gram;

lin; P, Penicillin; PBS,

blem of international

er minute; S. aureus,

mycin; WHO, World
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originated in Asia approximately 4,000 years ago (10). It is

indigenous to the Indian and Southeast Asian regions, especially

Central America, the Andaman Islands, Burma, China, and Eastern

India. Its global recognition has increased over time (11, 12).

Mangoes are grown in tropical and subtropical regions with a

broad range of latitudes and extremely diverse soil and climatic

conditions. They may also be grown commercially in a variety of

agroecological contexts with success (13).

Mango (M. indica) has complex pharmacological, ethnomedical,

and phytochemical profiles. In traditional medicine, different parts of

theM. indica tree have been utilized to treat various conditions (8).M.

indica contains phytochemicals such as alkaloids, phenols, flavonoids,

and saponins in its leaf and stem bark; steroids only in its stem bark;

anthraquinones only in its leaves; and alkaloids, flavonoids, saponins,

and tannins in its fruit pulp, mango kernel, and leaf extracts (14–16).

The principal polyphenolic substances identified in M. indica include

mangiferin, gallic acid, catechins, quercetin, kaempferol, protocatechuic

acid, ellagic acids, propyl and methyl gallate, rhamnetin, and

anthocyanins (17). Mangiferin, a well-known polyphenolic molecule,

is known for its many biological effects and has been extensively

studied (18). The portion and kind of mango determine the amounts of

various polyphenols in the fruit (19). Mangiferin has long been used as

an anti-inflammatory, antibacterial, analgesic, antipyretic, antioxidant,

anticancer, antiviral, immunomodulatory, and anthelmintic agent for

the treatment of obesity in various regions of the world (20). Despite its

low protein content, the mango seed kernel contains a majority of its

essential amino acids, such as valine (5.79), lysine (4.30), leucine (6.90),

and isoleucine (5.41) (mg/100 g protein), on a dry weight basis. Mango

seed kernels also contain xanthones, flavonoids, phenolic acids, stearic

(24-57%), oleic (34–56%), and 52–56% unsaturated fatty acids, all of

which are known to have medical importance (21–23). Thus,

depending on the variety, mango seed kernels can serve as both a

feed ingredient and an edible feed byproduct. They also contain

balanced nutritional amounts, substances, and highly metabolizable

energy comparable to that of maize (23–25).

Bangladesh produces high-quality mangoes, but some of them,

such as the coat and mango kernel, still need to be used despite

containing medicinal components. AlthoughM. indica is an Asiatic

plant that is easily accessible in our country, no investigations on

the antimicrobial activities of M. indica seed kernels against
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common pathogenic bacteria in Bangladesh have been reported.

Therefore, this study aimed to investigate the efficacy of M. indica

seed kernel extract as an antimicrobial agent, compare it with that of

commercial antibiotics and determine its toxicity in mice.
Results

Ethanol extraction of mango (M. indica)
seed kernels

The dried and smashed pieces of the seed kernel were brown

(Figure 1A). After evaporation, the solutions extracted with various

concentrations of ethanol (10:1, 5:1, and 2.5:1) were sticky, semisolid,

and liquid sticky, respectively. All three types of crude extracts were

brown. However, further experiments were carried out using the 2.5:1

ratio extract, which, after evaporation, was liquid and sticky, making

it easier to spread through the agar media (Figure 1B).
Efficacy of crude extracts against
gram-positive bacteria

The antibacterial activities of the crude mango kernel extracts

were investigated and compared with those of commercially available

antibiotic discs via the disc diffusion test. The results demonstrated
Frontiers in Tropical Diseases 03
that the crude extract inhibited the growth of S. aureus, creating a

clear zone of inhibition (Figure 2). The strength of the ability of the

pure crude extract to inhibit the growth of S. aureus was 23 mm,

which was the same as that of doxycycline (Figure 2 middle and

bottom panels). Further investigation of the ability of the crude

extract to inhibit the growth of S. aureus at different concentrations

through serial fold dilution revealed that the mango kernel crude

extract inhibited the growth of S. aureus up to a 125-fold dilution in a

dose-dependent manner (Figure 3A). Additionally, the crude extract

was tested against another gram-positive bacterium, B. cereus, and the

results showed that both the pure and diluted extracts inhibited

growth, creating clear zones of inhibition in a dose-dependent

manner (Figure 3B). These results suggest that the crude extract of

mango (M. indica) seed kernel has an antibacterial effect on gram-

positive bacteria such as S. aureus and B. cereus.
Efficacy of crude extracts against
gram-negative bacteria

The efficacy of the crude extract against gram-negative bacteria,

such as E. coli and Klebsiella sp., was investigated similarly via the

disc diffusion method in Mueller–Hinton agar. Surprisingly, the

results demonstrated that the pure extract and its dilutions had a

very limited capacity to inhibit the growth of both bacterial species,

as shown by very small clear zones of inhibition (Figures 4A, B).
FIGURE 1

Sample preparation and types of extracts from mango seed kernels. (A) Different steps of seed kernel sample preparation. (B) Three types of extracts.
After evaporation of the three solutions with various concentrations of ethanol and seed kernel (10:1, 5:1, 2.5:1), a sticky semisolid consistency (10:1,
5:1) and a sticky consistency (2.5:1) were obtained.
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Therefore, the results suggest that the crude extract of mango

(M. indica) seed kernels has a very limited antibacterial effect

against gram-negative bacteria such as E. coli and Klebsiella sp.
Efficacy of the crude extract against
antibiotic-resistant S. aureus

Additionally, the efficacy of the crude extract against antibiotic-

resistant S. aureus was investigated. The results revealed that S.

aureus was resistant to ampicillin-sulbactam (A/S), penicillin (P),
Frontiers in Tropical Diseases 04
and methicillin (MET) but susceptible to gentamicin (GEN),

chloramphenicol (C), vancomycin (VA) and tetracycline (TET) to

varying degrees. Quantitative measurements revealed that the pure

crude extract created a zone of inhibition of 22.5 mm, which was

slightly lower than that of GEN (23 mm) but greater than that of C

(21 mm), VA (20 mm), and TET (16 mm) (lower panel of Figure 5).

Surprisingly, the crude extract inhibited S. aureus in a dose-

dependent manner (Figure 5). Hence, these findings suggest that

the crude extract of mango (M. indica) seed kernels is capable of

inhibiting the growth of multidrug-resistant S. aureus.
Toxicity analysis of the crude extract of
mango (M. indica) seed kernels

The potential toxic effects of the crude extract of mango (M.

indica) seed kernel on the host body were investigated in mice after

oral administration of different doses for five d. The mice appeared

healthy during the treatment period and up to 24 h posttreatment.

Histopathological examination of the liver revealed that mice

treated with 100 ml of pure crude extract had a normal hepatic

structure, similar to those treated with PBS. In contrast, the mice

treated with 500 ml or 1000 ml of pure crude extract presented mild

or necrotic lymphocytic infiltration, respectively (Figure 6A).

Histopathological examination of the kidneys revealed that mice

treated with 100 ml of pure crude extract had a normal renal cortex,

similar to those treated with PBS (Figure 6B). However, mice

treated with 500 ml or 1000 ml of pure crude extract presented

dilated renal tubules with hyaline deposition (Figure 6B). These

results suggest that the crude extract might be nontoxic at lower

doses in the host body.
Discussion

Microbial infections, particularly bacterial diseases, significantly

impact global health and cause numerous illnesses. A systematic

analysis revealed that in 2019, bacterial antimicrobial resistance

(AMR) was linked to approximately 4.95 million deaths worldwide

(26). Antibiotic resistance exacerbates this issue by making these

infections more difficult to treat, leading to longer illnesses and

higher mortality rates (27). Therefore, addressing antibiotic

resistance is crucial for effective disease management and

safeguarding public health. Alternative treatments, such as

various plant- and herb-based medicines, are being investigated

for their potential to treat antibiotic-resistant bacteria and viruses

(28–30). Additionally, agri-food wastes contain a wide array of

naturally occurring phytochemicals with significant bioactive

potential for various animal and human applications (31).

Therefore, this study investigated the efficacy of a crude extract of

mango (M. indica) seed kernel from Bangladesh, which has

demonstrated the expected antibacterial activity against gram-

positive bacteria.

Various procedures exist for extracting bioactive compounds

from medicinal herbs and plants via solvents such as ethanol,

methanol, and phenol (32, 33). Ethanol is an effective method for
FIGURE 2

Zone of inhibition by the crude extract against gram-positive
bacteria. A Mueller-Hinton agar plate was prepared and solidified. A
small disc-shaped hole was made in the agar, and 15 µL of mango
seed kernel extract was poured into it. Antibiotic discs of
doxycycline (DO), ciprofloxacin (CIP), and penicillin (P) were used as
controls. Following incubation at 37°C for 18 h, the plates were
observed for zones of inhibition (upper panel). The zone of
inhibition was measured with a millimetre (mm) (middle panel) and
compared with the percentage of DO (bottom panel).
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obtaining bioactive plant compounds because of its ability to

dissolve both polar and nonpolar substances. Additionally,

ethanol is considered relatively safe and environmentally friendly

compared with other solvents (33). Accordingly, the ethanolic

extraction procedure used in this study yielded the expected results.

However, the findings revealed that the crude extract showed

distinct antibacterial activities against gram-positive bacteria such

as S. aureus and B. cereus rather than against gram-negative E. coli
Frontiers in Tropical Diseases 05
or Klebsiella sp. Gram-positive bacteria are usually more vulnerable

to antibiotics because of their thick peptidoglycan cell wall, which is

more accessible to drugs that target cell wall synthesis. This thick

layer is simpler than the outer membrane of gram-negative bacteria,

allowing antibiotics to penetrate more easily (34, 35). Qualitative

phytochemical analysis revealed significant amounts of compounds,

such as glycosides, saponins, flavonoids, tannins, and alkaloids,

which exhibit antibacterial activity against various bacterial species
FIGURE 3

Mango seed kernel extract dilution and antibacterial effects against S. aureus and B. cereus. A fivefold serial dilution of the crude extract was
prepared in PBS. Freshly cultured S. aureus and B. cereus were spread on separate Mueller–Hinton agar plates. Sterilized filter paper discs soaked
in different concentrations of the extract and PBS were placed on agar, and zones of inhibition were observed after incubation at 37°C for 18 h.
(A) Zone of inhibition on the agar plate and a bar graph showing zones of inhibition in millimeters (mm) compared with the pure crude extract
(S. aureus). (B) The zone of inhibition on the agar plate and a bar graph showing zones of inhibition in millimeters (mm) compared with the pure
crude extract (B. cereus).
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(36, 37). These compounds may be more active and harmful to

gram-positive bacteria, as revealed in the present study. However,

our findings differ slightly from those of Seghosime et al., who

reported that E. coli was sensitive to Mangifera indica seed kernel

extract (38). These differences might be due to variations in the

active compounds in different M. indica varieties, suggesting that

further investigations into the active ingredients of M. indica

varieties in Bangladesh are needed (37). Additionally, the crude

extract of M. indica seed kernels was also effective against

multidrug-resistant S. aureus, likely because diverse chemical

compounds can disrupt bacterial cell walls, inhibit enzyme

activity, or interfere with bacterial DNA/RNA synthesis (39).

Acute toxicity studies are crucial to avoid overdosing herbal

drugs, as excessive doses could result in the removal of the drug

from therapeutic use (40). Toxicity analysis in mice treated with

different doses of the crude extract revealed minor changes in the
Frontiers in Tropical Diseases 06
liver and kidney, although no abnormal clinical symptoms were

observed, especially at low doses (41).
Conclusion

The ethanol extract of mango (Mangifera indica) seed kernels

has demonstrated significant antibacterial activity against gram-

positive bacteria such as S. aureus and B. cereus and has potential as

an alternative treatment for bacterial infections. However, it has

shown limited effectiveness against gram-negative bacteria such as

E. coli and Klebsiella sp. The extract also inhibited multidrug-

resistant S. aureus. Toxicity analysis revealed that the extract is

relatively safe at relatively low doses, with only mild effects observed

at relatively high concentrations. These findings suggest that mango

seed kernel extract could be a valuable resource for combating
frontiersin.or
FIGURE 4

Investigation of mango seed kernel crude extract against gram-negative bacteria. The streak plate technique was used to disperse the bacteria
across Mueller-Hinton agar plates. Filter paper discs soaked in varying concentrations (5-1 to 5-10) of extract, pure extract, or PBS were placed on
agar. After incubation at 37°C for 18 h, zones of inhibition were observed. (A) coli. (B) Klebsiella sp.
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antibiotic-resistant bacteria. Further investigations are needed to

identify its specific bioactive compounds, followed by an analysis of

their mechanisms of action via electron microscopy and safety

assessments in laboratory animals infected with various pathogenic

bacterial species.
Methods

Material collection and preparation

M. indica of the Amrapali variant was collected from the local

market of Mymensingh Sadar, which originated from Nowga,
Frontiers in Tropical Diseases 07
Rajshahi (Bangladesh). The fruits were 99% organic, each

weighing an average of 200–250 g. The seed kernels were

collected by manually removing the mango pulp and seed coat.

The whole seed (seed coat with kernel) was kept at room

temperature for 2 d to dry, making it easier to remove the seed

coat. The coat was then removed with a knife. After the seed coat

was removed, the seed kernels were dried at room temperature for

one month. The seed kernels were subsequently chopped with a

knife. The chopped kernels were ground via a grinder (Philips

Mixer Grinder HL7505, 500 watts) and mixed homogeneously to

form a fine powder. To remove excess water or moisture, the

powdered kernels were dried again for 3 d at room temperature,

and the fine powder was collected for further experimentation.
FIGURE 5

Efficacy of the crude extract against antibiotic-resistant S. aureus. Freshly cultured S. aureus was spread on Mueller-Hinton agar. Sterilized filter
paper discs soaked in different concentrations of extract and PBS were placed on agar. Seven commercially available antibiotic discs, including those
containing ampicillin-sulbactam (A/S), penicillin (P), methicillin (MET), gentamicin (GEN), vancomycin (VA), tetracycline (TET), and chloramphenicol
(C), were used as controls. Zones of inhibition were observed after incubation at 37°C for 18 h (upper panel). The zone of inhibition in millimeters
(mm) was measured and compared with that of GEN (bottom panel).
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Extract preparation

The fine powder was placed into a Falcon tube with 99.9%

alcohol at different ratios (1:10, 1:5, and 1:2.5; w/v) via a digital

balance and a measuring cylinder. The tube was shaken with a shaker

(200 rpm) for 72 h at 37°C. Afterward, the mixture of powder and

ethanol was filtered through a syringe-driven 0.23 µM filter

(Millipore® Filter). The ethanol was then evaporated from the

filtrate via a rotary evaporator at 40°C and 150 rpm, and the

extract was collected in Eppendorf tubes. The extract was stored at

4°C for further use. The extract was subjected to serial dilution using

sterile PBS as a diluent.
Bacterial isolates

Four bacteria, Staphylococcus aureus, Bacillus cereus, Escherichia

coli, and Klebsiella sp., were obtained from the repository of the

Bacteriology Laboratory of the Department of Microbiology and

Hygiene, Bangladesh Agricultural University. These bacteria were

previously isolated from clinical samples, identified, characterized,

and used for this study. The bacteria were revived and cultured in

specific media according to standard protocols (42).
Frontiers in Tropical Diseases 08
Antibacterial activity assay via the disc
diffusion method

Mueller Hinton agar was prepared in Petri dishes following the

standard protocol. The freshly cultured bacterial isolates were spread

over solid agar media via a spreader to ensure uniform distribution

throughout the plate surface and kept in the hood for 1 h to dry

slightly to avoid creating hazy zones after incubation. Commercial

antibiotic discs were placed onto agar plates. Additionally, small-

diameter discs were prepared by blotting paper and sterilized. The

dried prepared discs were soaked in the pure crude extract or diluted

extract overnight at 4°C. The soaked discs were then placed onto agar

plates. The plates were incubated in an upright position at 37°C for 18

h. The diameters of the inhibition zones were observed (43).
Administration of the crude extract to mice

Six- to eight-week-old laboratory-bred Swiss albino mice weighing

25-30 g were obtained from the Microbiology and Hygiene Laboratory

Animal House, Bangladesh Agricultural University, and reared under

normal laboratory conditions. The mice were divided into different

groups and administered PBS or 100, 500, or 1000 ml of pure crude
FIGURE 6

Histopathological examination of liver and kidney tissues from mice that were administered the crude extract. The mice were fed PBS or 100 ml, 500
ml, or 1000 ml of the crude extract daily for five d. Histopathological slides of the liver and kidney were prepared via H&E staining and examined
under a microscope. (A) Liver sections showing hepatic architecture alterations due to crude extract and PBS administration. (B) Kidney sections
showing renal tubule alterations due to crude extract and PBS administration.
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extract daily for 5 d. Themice were observed daily during the treatment

period and up to 24 h posttreatment for their posture, gestures, and

behavior. After the observation period, the mice were sacrificed, and

their livers and kidneys were collected for histopathological

examination. Histopathological examinations were conducted

according to the standard protocol described previously (44).
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