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Abstract

Elizabethkingia, a genus of bacteria that includes opportunistic human pathogens, poses significant
challenges in healthcare due to its association with high case-fatality rates worldwide. This study
aims to assess the antibacterial activity of Aronia melanocarpa (black chokeberry) extracts against
Elizabethkingia species, such as Elizabethkingia meningoseptica (isolated from Institut Jantung Negara
(UN)), E. meningoseptica (from National Collection of Type Cultures (NCTC)), and Elizabethkingia
anopheles. Aqueous, ethanolic, and methanolic extracts of A. melanocarpa were examined for
antibacterial activity using agar well diffusion, minimum inhibitory concentration (MIC), and minimum
bactericidal concentration (MBC) tests. The sensitivity of each bacterial strain to different extract
concentrations was evaluated. The aqueous extracts showed negligible antibacterial activity against all
tested strains. However, the methanolic and ethanolic extracts demonstrated significant antibacterial
efficacy. Notably, both extracts inhibited the growth of E. meningoseptica and E. anophelis, with
methanolic extracts showing the highest potency in MIC and MBC assays. The findings suggest that
methanolic and ethanolic extracts of A. melanocarpa hold potential as alternative antimicrobial agents
or candidates for developing pharmaceutical treatments targeting antibiotic resistant Elizabethkingia
infections. Further studies are necessary to investigate their mechanisms of action and clinical
applications.
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INTRODUCTION

Elizabethkingia is a Gram-negative
bacterial genus first formally described in 2005.
Species within this genus are characterized by
their obligate aerobic nature, nonmotility, glucose-
nonfermenting metabolism, and pale-yellow
pigmentation.! Notably, Elizabethkingia species
have been found to inhabit diverse ecological
niches, including soil, freshwater reservoirs,
riversides, and healthcare environments such as
intensive care units. Among the various species
identified, Elizabethkingia meningoseptica
and Elizabethkingia anophelis are important
opportunistic bacteria that can cause high rates
of morbidity and mortality.2

E. meningoseptica, initially identified in
1959 and reclassified under the genus in 2005,
has been linked to infections such as urinary
tract infections, skin and soft tissue infections,
pneumonia, bacteremia, and catheter-related
infections, particularly in vulnerable populations
suchasneonates, infants,andimmunocompromised
individuals. On the other hand, E. anophelis, first
reported in 2011, has emerged as a pathogen
associated with bloodstream and respiratory
infections, contributing to notable outbreaks
since its discovery.! Clinical manifestations of
Elizabethkingia infections typically include fever,
respiratory distress, cellulitis, and septicemia,
posing diagnostic challenges exacerbated by the
intrinsic antimicrobial resistance exhibited by
these organisms.?

Despite advancements in medical
science, infections caused by pathogenic
Elizabethkingia species remain notoriously
difficult to treat, often resulting in poor clinical
outcomes and elevated case-fatality rates. The
limited therapeutic options available underscore
the urgent need for an enhanced understanding
of the epidemiology, clinical manifestations, and
antimicrobial resistance mechanisms associated
with these pathogens.*

Antimicrobials, commonly referred to
as antibiotics, serve an important role in modern
healthcare, serving as crucial instruments in
the treatment of bacterial infections.> However,
the escalating threat of antibiotic resistance

presents a formidable challenge to global public
health, posing one of the most pressing risks to
human well-being.®” In response to this crisis,
an intricate approach encompassing various
strategies has been advocated for the control
of bacteria, especially Gram-negative species.
These strategies include the development of
antimicrobial adjuvants, structural alteration to
available antibiotics, as well as the exploration of
novel organic compounds with distinctive action
mechanisms, aimed at targeting vulnerabilities in
antibiotic-resistant pathogens.®?

Aronia melanocarpa, well-known as black
chokeberry, belongs to the Rosaceae family. It is
native to eastern North America, including the
United States and portions of Canada, as well
as many European nations.'® Renowned for its
nutritional richness, it serves as an abundant
source of critical nutrients like organic acids,
carbohydrates, proteins, lipids, minerals, and
vitamins.* Moreover, A. melanocarpa stands out
as a reservoir of bioactive compounds, notably
polyphenols like proanthocyanidins, anthocyanins,
flavonoids, and phenolic acids, which confer a
myriad of health advantages such as antioxidant,
anti-inflammatory, antiviral, anticancer, anti-
atherosclerotic, hypotensive, and antiplatelet
properties.'>*® Its versatility extends beyond
nutritional value, finding widespread application
in the food industry for the production of various
products such as nectars, juices, powders,
jams, syrups, fruit desserts, jellies, and dietary
supplements. Despite its well-documented
antioxidant properties, the medicinal potential of
this plant remains relatively understudied.*

Hence, the main aim of this study
is to assess the antimicrobial efficacy of A.
melanocarpa extracts obtained through distinct
solvent extractions-ethanol, methanol, and
aqueous-against strains of E. meningoseptica and
E. anophelis. Both clinical isolates sourced from
Malaysian hospitals and standard strains were
included in the study. Furthermore, the study
aimed to characterize the antimicrobial sensitivity
profiles of each extract using minimum bactericidal
concentration (MBC) and minimum inhibitory
concentration (MIC) assays, elucidating their
effectiveness against these pathogenic microbes.
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MATERIALS AND METHODS

Study design

The current study has been conducted
within the laboratories of Management and
Science University (MSU). Bacterial samples
encompassed three distinct strains: two pure
strains of E. meningoseptica procured from the
National Collection of Type Cultures, UK (NCTC
10568), and Institut Jantung Negara (IJN)-Malaysia,
while the third sample consisted of E. anophelis
isolated from a local hospital and confirmed
through identification by IJN.

Plant parts collection

The dried fruits of A. melanocarpa,
sourced from a local supplier in Selangor, Malaysia,
were obtained from Natherm Group Sdn. Bhd.,
13A, Jalan Besi 1/1, Taman Perindustrian Sungai
Purun, 43500 Semenyih, Selangor, Malaysia (GPS:
2.93954, 101.82553). These fruits underwent a
purification procedure and were then processed
into chokeberry fine powder, which was utilized
for various extractions as outlined in previous
methodologies.®

Aqueous extraction preparation

For the aqueous extraction, 40 g of A.
melanocarpa powder was boiled in 400 mL of
distilled water. After evaporation, one-fourth of the
initial extraction volume was collected. The boiled
mixture was filtered through cheesecloth and
then centrifuged at 5000 rpm for 15 minutes. The
supernatant was further filtered using Whatman
No. 1 filter paper (UK, HP7 9NA), repeating this
process twice under stringent aseptic conditions.
The resulting filtrate was transferred to fresh
sterilized dark bottles and stored at 4 °C until
further use, following established protocols.**’

Organic extraction preparation

Approximately 50 g of the dried powder
was soaked in 200 ml (50% ethanol and 50%
methanol, respectively) with continuous agitation
for 48 hours, then filtered through cheesecloth.
The filtrates were centrifuged for 10 minutes at
9000 rpm before being filtered using Whatman
No. 1 filter paper to eliminate any unsuitable
residues. To remove any leftover organic solvents,

the filtrates were evaporated and dried under
decreased pressure at 40 °C with a rotating vacuum
evaporator. The extracts were dissolved in 10%
dimethyl sulfoxide (DMSO). After the solvents
had fully evaporated, the crude extraction yields
were weighed to determine the concentrations
(58,10 g, and 20 g) and kept in a refrigerator at
4 °C. Subsequently, the different concentrations
of alcoholic extracts were tested through a series
of pilot studies, confirming the use of the 20 g
concentration for this study. The yield percentages
were calculated with the formula (R/S) x 100,
where R is the weight of the recovered plant
residues and S is the weight of the input plant
material.””

Agar preparation

The preparation of different agar media
used in this study followed the Clinical and
Laboratory Standards Institute (CLSI) Guidelines
and the manufacturer’s standard procedures.*® For
the turbidity standard for inoculum preparation,
CLSI recommends standardizing the inoculum
density for antimicrobial susceptibility testing.
Mueller-Hinton Broth was used to dilute the Gram-
negative broth culture to a turbidity equivalent to
0.5 McFarland standard, which equals (1-2) x 108
CFU/mL.

Antibacterial susceptibility test (Agar Well
Diffusion Method)

Plant extracts’ antibacterial activity is
tested using the agar well diffusion technique.®®
The agar plates were incubated at 37 °C for 24
hours. The inhibition zones were measured with
a vernier caliper and recorded against the various
concentrations of A. melanocarpa extracts.?

Minimum Inhibitory Concentrations (MIC) test
MIC of A. melanocarpa extracts was
determined using the 96-well microtiter plate
dilution method. A serial dilution of ethanol,
methanol, and aqueous extracts, starting from
20,000 pg/ml down to 39.06 pug/ml, was prepared
in Mueller-Hinton broth. Bacterial inocula were
standardized to 1-2 x 10® CFU/ml following CLSI
guidelines, adjusted to a 0.5 McFarland standard,
and further diluted to 5 x 10° CFU/ml in each well.
The microtiter plates were incubated at 37 °C for
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24 hours. MIC values were determined based on
visual turbidity, with clear wells indicating bacterial
inhibition.®

Minimum Bactericidal Concentration (MBC) test

To determine the MBC, samples from
clear wells (indicating no visible growth) were
streaked onto sterile nutrient agar plates. The
plates were incubated at 37 °C for 24 hours and
then examined for bacterial growth. The lowest
concentration of A. melanocarpa extract that
showed no bacterial growth was recorded as the
MBC.%

Statistical analysis

Data were analyzed using the Statistical
Package for the Social Sciences (SPSS) version
22° (IBM Corp., USA). Mean values and standard

deviations were calculated for the inhibition zones
of each extract. One-way analysis of variance
(ANOVA) was employed to determine statistically
significant differences among groups, followed by
Tukey’s Honestly Significant Difference (HSD) post
hoc test for pairwise comparisons. Results were
considered statistically significant at p <0.05. Data
visualizations, including tables, charts, and graphs,
were generated using Microsoft Excel.

Table 1. Physical Appearance of Different A.
melanocarpa Extracts

Extracts Color Consistency
Aqueous Pink Liquid
Ethanol 50% Purple Viscous
Methanol 50% Purple Viscous

Figure 1. Bactericidal Activity of A. melanocarpa Extracts Against E. meningoseptica and E. anophelis After 24 Hours
of Incubation. (A) E. meningoseptica (NCTC) at 5 g/mL, (B) E. meningoseptica (IJN) at 10 g/mL, (C) E. anophelis at 10
g/mL, and (D) E. meningoseptica (NCTC) at 10 g/mL. The antibacterial effects of A. melanocarpa extracts were
assessed based on bacterial inhibition after 24 hours of incubation
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RESULTS

Antimicrobial activity of A. melanocarpa
extractions

A. melanocarpa extracts were prepared in
triplicate using three different extraction solvents:
50% ethanol, 50% methanol, and hot water
(aqueous extraction). The physical characteristics
of each extract were documented and summarized
in Table 1.

A series of pilot studies were conducted
before the main experiment to identify the most
effective antibacterial concentration among the

Table 2. Bactericidal Activity of A. melanocarpa Extracts
Against E. meningoseptica and E. anophelis

Organism Crude Concentration of
Extract Extracts (g/mL)
20 10 5

E. meningoseptica Aqueous - - -
(IUN) Ethanol + - -
Methanol + - -

E. meningoseptica Aqueous - - -
(NCTC) Ethanol + - -
Methanol + - -

E. anophelis (1JN) Aqueous - - -
Ethanol + - -

Methanol + - -

A)

tested ranges. The results indicated that 20 g/
mL exhibited the highest antibacterial activity.
Therefore, this concentration was selected for
further experiments (Table 2).

Figure 1 illustrates the bactericidal
activity of A. melanocarpa extracts against E.
meningoseptica (1JN), E. meningoseptica (NCTC),
and E. anophelis at concentrations of 5 g/mL and
10 g/mL after 24 hours of incubation. This figure
provides a comparative visual representation of
the antimicrobial efficacy of different extracts.

Antimicrobial sensitivity test

The results indicated that the 50%
methanol extract exhibited the broadest
antimicrobial activity, with the highest zone of
inhibition observed against E. anophelis (16.7
mm), followed by E. meningoseptica (NCTC)
(14.9 mm) and E. meningoseptica (1JN) (14.1
mm). In comparison, the 50% ethanol extract
demonstrated inhibitory effects against E.
meningoseptica (NCTC) (12.9 mm) and E. anophelis
(12.6 mm). However, the aqueous extract
showed no antibacterial activity against any of
the tested strains, including E. meningoseptica
(IUN), E. meningoseptica (NCTC), and E. anophelis
(Figures 2-4).

The statistical analysis of the data
(Tables 3-5) presented descriptive statistics of
the inhibition zones of various A. melanocarpa

— INHIBITION ZONES IN EMENINGOSEPTICA (NCTC)
s
s 25
g
E 20
]
=
z 15
10 |
N | = Ethanol
o] |
o« 5 1 m Methanol
I |
§ mAqueous
o |
= E. meningoseptica (NCTC) = Antibiotic
¥ Ethanol 121
o Methanol 15.07
m Aqueous 0
W Antibiotic 20.43
TYPE OF ARONIA MELANOCAPA EXTRACT

(B)

Figure 2. (A) Antimicrobial sensitivity test of E. meningoseptica (NCTC), showing no inhibition zone for the aqueous
extract, while methanolic and ethanolic extracts exhibited clear inhibition zones ranging from 12-17 mm. Vancomycin
(VA) as a positive control showed an inhibition zone of 23.3 mm. (B) Inhibition zone measurements of aqueous,
methanolic, and ethanolic extracts, along with the positive control, against E. meningoseptica (NCTC)
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extracts against each tested strain. The results
were considered statistically significant at a p <
0.05 significance level.

The Minimum Inhibitory Concentration (MIC)
Different concentrations of active crude
extracts were evaluated in a 96-well microtiter
plate using the Micro Broth Dilution Assay, as
recommended by CLSI.?® The results showed
that preliminary screening identified ethanol
and methanol extracts as having the highest

antimicrobial activity, and these extracts were
further analyzed to determine the MIC for each
bacterial sample. The concentration-dependent
effects of the active plant extracts are summarized
in Table 6. The MIC values of the methanol extract
were detected at 5000 pg/mL for E. meningoseptica
(UN), 2500 pg/mL for E. meningoseptica (NCTC),
and 1250 ug/mL for E. anophelis. Meanwhile, the
MIC values of the ethanol extract were detected
at 10,000 pg/mL for E. meningoseptica (1JN), 2500
ug/mL for E. meningoseptica (NCTC), and 625 pg/

DIAMITER OF ZONE INHIBITION(MM)

INHIBITION ZONES IN E. MENINGOSEPTICA (UN)
30

0

E. meningoseptica (UN)
= Ethanol 12
B Methanol 135
= Aqueous o

m Antibiotic 23.07
TYPE OF ARONIA MELANOCAPA EXTRACT

™ Ethanol
W Methanol
W Aqueous

M Antibiotic

(A)

(B)

Figure 3. (A) Antimicrobial sensitivity test of E. meningoseptica (1JN), showing no inhibition zone for the aqueous
extract, while methanolic and ethanolic extracts exhibited clear inhibition zones ranging from 12-14 mm. Vancomycin
(VA) as a positive control showed an inhibition zone of 20.2 mm. (B) Inhibition zone measurements of aqueous,
methanolic, and ethanolic extracts, along with the positive control, against E. meningoseptica (1JN)

INHIBITION ZONES IN E. ANOPHELIS

‘ | i Ethanol
B Methanol
0 H Aqueous
E. anophelis

12,5

16.4
W Aqueous 0

20

TYPE OF ARONIA MELANOCAPA EXTRACT

DIAMITER OF ZONE INHIBITION(MM)

B Antibiotic
™ Ethanol

m Methanol

| Antibiotic

A)

(B)

Figure 4. (A) Antimicrobial sensitivity test of E. anophelis, showing no inhibition zone for the aqueous extract, while
methanolic and ethanolic extracts exhibited clear inhibition zones ranging from 12-14 mm. Vancomycin (VA) as a
positive control showed an inhibition zone of 20.8 mm. (B) Inhibition zone measurements of aqueous, methanolic,
and ethanolic extracts, along with the positive control, against E. anophelis
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Table 3. Descriptive analysis of the inhibition zones of various A. melanocarpa extracts against E. meningoseptica
(NCTC)

Descriptive Analysis - Zone of Inhibition

95% Confidence Interval for Means

Extract N Mean Std. Std. Lower Upper Minimum  Maximum
Deviation Error Bound Bound

Methanol 3 15.07 0.21 0.12 14.55 15.58 14.90 15.30

Ethanol 3 12.10 0.20 0.12 11.605 12.60 11.90 12.30

Aqueous 3 0.00 0.00 0.00 0.005 0.00 0.00 0.00

Antibiotic 3 20.43 0.15 0.09 20.055 20.81 20.30 20.60

Total 12 11.90 7.83 2.26 6.93 16.87 0.00 20.60

Anova: Zone of Inhibition

Zone of Sum of df Mean F Sig.
Inhibition Squares Square

Between Groups 673.49 3 224.50 8418.58  0.00
Within Groups 0.21 8 0.027
Total 673.70 11

* The mean difference is significant at p < 0.05

Table 4. Descriptive analysis of the inhibition zones of various A. melanocarpa extracts against E. meningoseptica
(IJN)

Descriptive Analysis - Zone of Inhibition

95% Confidence Interval for Means

Extract N Mean Std. Std. Lower Upper Minimum  Maximum
Deviation Error Bound Bound

Methanol 3 13.50 0.79 0.45 11.53 15.47 12.60 14.10

Ethanol 3 12.00 0.10 0.06 11.75 12.25 11.90 12.10

Aqueous 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Antibiotic 3 23.07 0.21 0.12 22.55 23.58 22.90 23.30

Total 12 12.14 8.57 2.47 6.70 17.59 0.00 23.30

Anova: Zone of Inhibition

Zone of Sum of df Mean F Sig.
Inhibition Squares Squares

Between Groups 805.92 3 268.64 1572.53  0.00
Within Groups 1.37 8 0.171

Total 807.29 11

* The mean difference is significant at p < 0.05

Journal of Pure and Applied Microbiology 2680 www.microbiologyjournal.org



Tarawneh et al | J Pure Appl Microbiol. 2025;19(4):2674-2685. https://doi.org/10.22207/JPAM.19.4.03

Table 5. Descriptive analysis of the inhibition zones of various A. melanocarpa extracts against E. anophelis (IJN)

Descriptive Analysis -Zone of Inhibition

95% Confidence Interval for Means

Extract N Mean Std. Std. Lower Upper  Minimum Maximum
Deviation Error Bound Bound
Methanol 3 16.47 0.2082 0.12 15.95 16.98 16.30 16.70
Ethanol 3 12.50 0.1000 0.058 12.25 12.75 12.40 12.60
Aqueous 3 0.00 0.0000 0.00 0.00 0.00 0.00 0.00
Antibiotic 3 20.47 0.3055 0.18 19.71 21.23 20.20 20.80
Total 12 12.36 8.0137 2.31 7.27 17.45 0.00 20.80
Anova: Zone of Inhibition
Zone of Sum of df Mean F Sig.
Inhibition Squares Squares
Between Groups 706.12 3 235.37 6419.24 0.00
Within Groups 0.29 8 0.04
Total 706.41 11
* The mean difference is significant at p <0.05
mL for E. anophelis. The inhibitory effects of the  DISCUSSION

extracts varied depending on the bacterial species,
strain variations, and type of organic solvent. Both
extracts demonstrated bacteriostatic properties,
with methanol exhibiting a stronger inhibitory
effect against E. anophelis, while ethanol also
showed significant inhibition against E. anophelis.

Minimum Bactericidal Concentrations (MBC)

The MBC was determined by subculturing
samples from the wells showing no visible bacterial
growth in the MIC assay onto fresh Mueller-Hinton
agar plates. The plates were then incubated
to assess the presence or absence of bacterial
colonies. The lowest concentration at which no
bacterial growth occurred was recorded as the
MBC. The methanol extract exhibited potential
bactericidal activity against E. meningoseptica
(IUN) with an MBC of 10,000 pg/mL; for E.
meningoseptica (NCTC), the MBC was also 10,000
ug/mL, and for E. anophelis, it was 2,500 pg/mL.
The ethanol extract showed bactericidal effects
with identical MBC values for E. meningoseptica
(UN and NCTC) at 10,000 pg/mL, and 2,500 pg/mL
for E. anophelis.

The findings of this study clearly indicate
that hot distilled water is not an effective
solvent for antimicrobial testing, as it failed to
inhibit bacterial growth. This aligns with existing
literature, which suggests that organic solvents,
particularly ethanol and methanol, are more
efficient in extracting antimicrobial compounds
from plants. These solvents effectively dissolve
aromatic and saturated organic compounds,
which are often responsible for antimicrobial
activity.?*?®> Among the tested extracts, 50%
methanol demonstrated the highest phenolic
compound content, reinforcing its reputation as
the preferred solvent for plant extractions.?*?® Our
results suggest that A. melanocarpa methanolic
and ethanolic extracts hold potential for future
applications in treating infections caused by
Elizabethkingia species. This supports previous
work by Park and Hong, who proposed that these
extracts could be useful in food preservation due
to their antimicrobial properties.’” Additionally,
studies have documented the antibacterial
effects of A. melanocarpa against a range of
pathogens, including Bacillus cereus, Pseudomonas

Journal of Pure and Applied Microbiology

2681

www.microbiologyjournal.org



Tarawneh et al | J Pure Appl Microbiol. 2025;19(4):2674-2685. https://doi.org/10.22207/JPAM.19.4.03

aeruginosa, and Staphylococcus aureus. Mostafa et

= o o o .
© 35 |8 88 =] 88 =] 88 al. reported that ethanol extracts were particularly
S O SO WM g WWN . foodb h h d
| INNJANAN potent against foodborne pathogens when teste

using the agar well diffusion method. These results
are consistent with our findings and support the
7 e continued investigation of A. melanocarpa as a
plant-based antimicrobial agent.?
Interestingly, our MIC results

(]
T indicate that E. anophelis is more susceptible
to A. melanocarpa extracts compared to E.
©° et meningoseptica (NCTC) and E. meningoseptica
@ (IJN). The ethanolic extract at 5% concentration
(125 mg/mL) produced an inhibition zone of 11
§ e mm, which, while lower than the 15 mm zone
S observed with vancomycin, still shows promising
£ activity. Notably, the ethanol extract produced
n . s .
Eﬂ N N inhibition zones ranging from 10 mm (5% v/v) to 12
|49 mm (10% v/v), demonstrating a dose-dependent
2 effect.
Q
= I o T Comparing our MIC findings with
fae x . .
7|« ™ i previous research, Daoutidou et al. reported
s 2 z that E. coli exhibited a 13 mm inhibition zone
g % Ql+++++++++ |8 at a 10% aqueous extract concentration (250
-§ =2l = mg/mL).2° Similarly, Denev et al. found that
ke § g proanthocyanidins from A. melanocarpa had
o N . .
g g I a potent MIC (0.156 mg/mL) against Candida
g | < - g albicans, significantly outperforming standard
" i .. . . .
< 5 antimicrobial agents.'* Their study attributed A.
o o
o S |+ + + + o+ g melanocarpa antibacterial activity primarily to
I ~ = proanthocyanidins, which exhibited a remarkable
go ° g effect against Proteus vulgaris, surpassing
o) S|+ v v+ 0+ & ampicillin’s efficacy by 25-fold. These findings align
Q n . PR
o o with our results, further emphasizing the role of
Z = p g
3 3 ‘g phenolic compounds in antimicrobial action.
§ g |+ o+ G Given the rising threat of antibiotic
g - § resistance, exploring plant-based alternatives
© o 2 is more crucial than ever. A. melanocarpa
© o s
S b= ' v v ' § extracts not only demonstrate antimicrobial
~ (o\] s . .
S o) potential but also offer a natural alternative
g _ _ | for combating pathogenic bacteria. Previous
°ls 2o g 2o g 2o g | g research by Salamon et al. highlighted that the
2| £ gecyecges |'» MBC of ethanol extract against S. aureus was
& | 3 T oorxoos0o |2
< Y sSIHSsSIHS g 10.0 mg/mL, whereas acetone extracts showed
(] . .
E & slightly lower efficacy (MBC: 15.0 mg/mL).%
S 3 3 z Similar trends have been reported for other plant
. . x
s s 8 o extracts, including Phaleria macrocarpa,? Nigella
2 § § § 2 E sativa, Eucalyptus, and Swietenia macrophylla, all
; % .g .g S s % of which exhibit varying degrees of antimicrobial
o | 5 s . g2 2 2 activity. 2628
o | w €z E&Eou =& =
el o W2 WZE *
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One of the key factors contributing to
A. melanocarpa antimicrobial efficacy is its rich
phenolic content. Previous studies highlight
that phenolic compounds not only exhibit direct
antimicrobial activity but also interfere with
bacterial adhesion to host cells by binding to
bacterial cell walls.?*?° This mechanism may
explain the inhibitory effect observed in our study.

While our findings add to the growing
body of evidence supporting the antimicrobial
properties of A. melanocarpa, further research
is needed to isolate and characterize the specific
bioactive compounds responsible for its activity.
Additionally, in vivo studies and clinical trials would
be essential to evaluate its therapeutic potential
and safety profile. Nevertheless, this study
provides a strong foundation for considering A.
melanocarpa as a promising candidate for natural
antimicrobial agents, potentially contributing to
the development of alternative treatments for
bacterial infections.

We also explored an alternative route
by using A. melanocarpa plant powder with both
aqueous and organic solvents to discover new
antimicrobial agents. The methanolic and ethanolic
extracts effectively inhibited clinically relevant
Elizabethkingia species (E. meningoseptica NCTC/
IJN and E. anophelis), reinforcing their potential
as natural therapies. Although research on A.
melanocarpa antimicrobial effects remains
limited, our findings align with recent evidence.
For example, a study on leaf extracts showed
A. melanocarpa exerted bacteriostatic effects
and significantly delayed bacterial growth in
meat-related pathogens.?® Additionally, detailed
investigations of black chokeberry polyphenols
found that proanthocyanidins were the most
potent antimicrobial agents in the fruit.!* Similar
plant-based phenolic extracts have demonstrated
notable efficacy: Nigella sativa and Syzygium
aromaticum extracts presented minimum
bactericidal concentrations between ~9 and 19
mg/mL against S. aureus and Propionibacterium
acnes, showcasing the broader relevance of
phenolic-rich antimicrobial agents. This supports
our hypothesis since A. melanocarpa is among
the richest natural sources of phenolics, which are
known to disrupt bacterial cell membranes and
inhibit adhesion.?* Such mechanisms help explain
the significant antibacterial effects observed

in our extracts and make a strong case for A.
melanocarpa as a promising source of bioactive
compounds for drug discovery, particularly in
combating antibiotic-resistant infections.

CONCLUSION

This study highlights the practical potential
of A. melanocarpa as a natural antimicrobial agent,
particularly in an era of rising antibiotic resistance.
While traditionally consumed in processed forms
due to its astringent taste, A. melanocarpais rich
in bioactive phytochemicals, especially phenolics,
flavonoids, and tannins, that exhibit notable
antibacterial effects.

Our findings demonstrate that
methanolic and ethanolic extracts of A.
melanocarpa significantly inhibit the growth of
pathogenic Elizabethkingia species. These results
suggest important real-world applications, such as
the incorporation of A. melanocarpa extracts as
natural preservatives in food products to enhance
safety and shelf life, as well as their potential
development into plant-based therapeutic agents
to support or replace conventional antibiotics in
the management of multidrug-resistant infections.

To fully translate these findings
into practice, further studies should focus
on identifying and purifying the most
active antimicrobial compounds within the
extracts, assessing their toxicity and efficacy
in vivo, and exploring formulation strategies
for pharmaceutical or nutraceutical use. If
successful, A. melanocarpa could emerge as a
valuable, sustainable source of antimicrobial
agents for both food industry and medical
applications.
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