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K ABSTRACT \

Background:

Antimicrobial resistance (AMR) is a growing global public health crisis that undermines the effectiveness of conventional antibiotics.
Natural plant-derived compounds have received renewed attention as alternative or adjunct antimicrobial agents. Curcuma longa
(turmeric), a member of the Zingiberaceae family, contains bioactive constituents, notably curcumin, flavonoids, tannins, and alkaloids,
with well-documented antibacterial properties. The aim of this study is to evaluate the in vitro antibacterial activity of the ethanolic
extract of Curcuma longa rhizomes against Staphylococcus aureus and E. coli.

Methods:

Fresh rhizomes of C. longa were sourced from Dei Dei Market, Abuja, Nigeria, and extracted by cold maceration in 90% ethanol for 72
hours. Staphylococcus aureus was isolated from a throat swab and confirmed by Mannitol Salt Agar (MSA) morphology, Gram staining,
and catalase and coagulase tests. E. coli was isolated from a campus tap water sample and confirmed on Eosin Methylene Blue (EMB)
Agar with positive indole and methyl red tests. Antibacterial activity was assessed by agar well diffusion on Mueller-Hinton Agar
(MHA) at six extract concentrations (50, 100, 200, 400, 800, and 1000 mg/mL). Ciprofloxacin (5 pg) and Ampicillin (10 pg) served as
positive controls; DMSO served as the negative control.

Results:

No inhibitory activity was observed at 50-200 mg/mL for either organism. At 400, 800, and 1000 mg/mL, mean zones of inhibition
(ZOl) against S. aureus were 15.0, 22.0, and 27.5 mm respectively; against E. coli, ZOI were 11.5, 17.0, and 21.5 mm. Staphylococcus
aureus was consistently more susceptible than E. coli at all active concentrations. At 1000 mg/mL, the extract marginally exceeded both
the Ciprofloxacin (26.0 mm) and Ampicillin (21.0 mm) positive controls.

Conclusion:

Locally sourced Nigerian turmeric demonstrates significant, concentration-dependent antibacterial activity against both test organisms,
with S. aureus being more susceptible than E. coli, consistent with the structural differences between Gram-positive and Gram-negative
cell walls. These findings support C. longa as a promising natural antimicrobial candidate in the context of antimicrobial resistance.

Keywords: Curcuma longa; turmeric; antibacterial activity; Staphylococcus aureus; E. coli; agar well diffusion; antimicrobial
resistance.
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serious threats to modern medicine. The World Health Organization (WHO) has classified antimicrobial resistance
worldwide (WHO, 2023). This situation has galvanised the search for effective, safe, and economically accessible
Curcuma longa commonly referred to as Turmeric, belongs to the Zingiberaceae family and is prevalent in tropical
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Introduction
The escalating global prevalence of antibiotic resistance in pathogenic microorganisms represents one of the most
(AMR) as one of the top ten threats to global public health (WHO, 2023). Resistance to antibacterial agents is
increasingly identified as a primary cause of therapeutic failure, raising morbidity, mortality, and healthcare costs
natural products and phytochemicals as alternatives or adjuncts to conventional antibiotics (Vaou et al., 2021)and
(Ekpe et al.,2018)
regions, particularly across the Indian subcontinent and South Asia (Abdullahi et al., 2024). The rhizomes of
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turmeric contain curcuminoids, including curcumin, bisdemethoxycurcumin, and dimethoxycurcumin, alongside an
array of flavonoids, tannins, alkaloids, and saponins, all of which contribute to its broad pharmacological profile
(Fuloria et al., 2022). Curcumin has been recognised as an anti-inflammatory, antioxidant, antimicrobial, and
immunomodulatory agent (Hamzah et al., 2020) and (Obum-Nnadi et al.,2022)

Staphylococcus aureus is a Gram-positive, facultatively anaerobic coccus and one of the most clinically relevant
human pathogens, asymptomatically colonising approximately 30% of the human population (Mun et al., 2013). It
is a leading cause of skin and soft tissue infections, bacteraemia, pneumonia, endocarditis, and toxic shock
syndrome (Algammal et al., 2021). Methicillin-resistant S. aureus (MRSA) has emerged as a global priority
pathogen (Craft & Nguyen, 2019). E. coli, a Gram-negative facultatively anaerobic rod in the family
Enterobacteriaceae, is a major cause of urinary tract infections, diarrhoeal disease, and neonatal sepsis; multidrug-
resistant strains are increasingly isolated in clinical settings across Nigeria and globally (Nasrollahian et al., 2024).
Given the mounting evidence of AMR and the centuries-long ethnomedicinal use of turmeric in treating infectious
diseases, evaluating the antibacterial efficacy of C. longa against S. aureus and E. coli constitutes a scientifically
valid and globally relevant research pursuit (Vaou et al., 2021; Zheng et al., 2020). Understanding the antibacterial
dose-response relationship of locally sourced Nigerian turmeric against these pathogens may provide empirical
evidence to support the development of plant-based adjunct therapies in resource-limited settings where access to
advanced antibiotics remains constrained.

The aim of this study was to evaluate the in vitro antibacterial activity of the ethanolic extract of Curcuma longa
rhizomes against Staphylococcus aureus and E. coli using the agar well diffusion method. The specific objectives
were: (i) to extract bioactive compounds from C. longa using ethanol maceration; (ii) to isolate and identify S.
aureus and E. coli from clinical and environmental samples; and (iii) to assess the antibacterial activity of the extract
at six concentration levels and compare results against standard antibiotic controls.

Materials and Methods

Study Design and Area of Study

This research employed an experimental, in vitro laboratory-based study design. All microbiological analyses were
performed in the Microbiology Laboratory, Veritas University, Abuja, Nigeria. The experimental layout comprised
six extract concentrations (50, 100, 200, 400, 800, and 1000 mg/mL), a positive control, and a negative control
(DMSO). Outcomes were determined by measuring zones of inhibition (ZOI) under standardised laboratory
conditions. All experiments were performed in duplicate.

Plant Material Collection and Preparation

Fresh rhizomes of Curcuma longa were purchased from Dei Dei Market, Abuja, Federal Capital Territory, Nigeria,
and selected based on freshness and absence of mould. Rhizomes were washed, peeled, thinly sliced (approximately
2-3 mm), and dried at room temperature (25-28°C) away from direct sunlight for 20 days (Salem et al., 2022). The
dried material was blended and sieved (0.5 mm pore size) to a uniform fine powder, then stored in a dry, airtight
container.

Ethanol Extraction by Maceration

A quantity of 344.06 g of turmeric powder was transferred into a sterile 1000 mL conical flask, and 1000 mL of
90% ethanol was added (solid-to-solvent ratio approximately 1:3 w/v). The mixture was sealed with aluminium foil
and allowed to macerate at room temperature for 72 hours with intermittent stirring (Odo et al., 2023). The macerate
was filtered sequentially through muslin cloth and Whatman No. 1 filter paper. The filtrate was concentrated on a
water bath at 50°C to yield a semi-solid paste, which was stored at 4°C in a sterile, dark-glass bottle until use.
Sterility of the extract was confirmed by inoculation onto Nutrient Agar (incubated 37°C for 24 hours) prior to
antibacterial testing.

Preparation of Extract Concentrations

Working concentrations of 50, 100, 200, 400, 800, and 1000 mg/mL were prepared by dissolving appropriate
guantities of the paste extract in DMSO in sterile Eppendorf tubes. DMSO was selected as the solubilising agent
because it dissolves hydrophobic plant extracts without exhibiting inherent antibacterial activity at the
concentrations employed (Beshiru et al., 2024).

Isolation and Identification of Test Organisms

e Staphylococcus aureus

A throat swab was obtained from a consenting volunteer using a sterile cotton swab. The sample was enriched in
sterile peptone water at 37°C for 24 hours, then streaked onto Mannitol Salt Agar (MSA) plates incubated at 37°C
for 24-48 hours. Yellow colonies indicating mannitol fermentation were selected and subcultured onto Nutrient
Agar. Identification was confirmed by: Gram staining (Gram-positive cocci in clusters), positive catalase test (3%
H:0:), positive tube coagulase test (rabbit plasma, 37°C, 4-24 hours), and beta-haemolysis on Blood Agar (Tille,
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2017; Beshiru et al., 2024).

o Escherichia coli

A 100 mL tap water sample was collected within the Veritas University campus. Following pre-enrichment in
sterile peptone water at 37°C for 24 hours, the culture was streaked onto EMB Agar (37°C, 24 hours). Colonies
exhibiting a characteristic metallic green sheen were selected. Confirmation was by Gram staining (Gram-negative
rods), positive indole test (Kovac’s reagent), and positive methyl red (MR) test (Odo et al., 2023; Cheesbrough,
2017).

Antibacterial Susceptibility Testing

Confirmed isolates were separately suspended in sterile peptone water and turbidity adjusted to 0.5 McFarland
standard (=1.5 x 10® CFU/mL). Mueller-Hinton Agar plates were inoculated by lawn swabbing in three directions
(0°, 60°, 120°) and allowed to dry. Six wells (6 mm diameter, bored with a sterile cork borer) were loaded with 100
pL of each concentration. Positive controls were Ciprofloxacin (5 pg) for S. aureus and Ampicillin (10 pg) for E.
coli, which were applied as discs on the agar surface. DMSO only served as the negative control. Plates were pre-
diffused for 30-60 minutes at room temperature, then incubated inverted at 37°C for 24 hours. ZOIl diameters
(including well diameter) were measured in mm using a transparent ruler; results are reported as mean values of
duplicate readings (Balouiri et al., 2016; Beshiru et al., 2024).

Results

Cultural and Biochemical Characterisation of Isolates

Table 1 presents the cultural characteristics of the isolates obtained on selective media. MSA isolates (MSA 001 and
MSA 002) produced yellow, smooth, opague colonies with positive mannitol fermentation. EMB isolates (EMB 001
and EMB 002) produced dark blue-black colonies with a positive metallic green sheen. Table 2 summarises the
confirmatory biochemical and pathogenicity tests. Both MSA isolates were Gram-positive cocci in clusters,
catalase-positive, coagulase-positive, and produced haemolysis on Blood Agar, confirming their identity as
Staphylococcus aureus. Both EMB isolates were Gram-negative rods, indole-positive, and methyl red-positive,
consistent with E. coli (Tille, 2017; Cheesbrough, 2017).

Table 1: Cultural Characterisation of Isolates

Colony . Differential .

MSA Mannitol

001 Yellow Circular Smooth/Shiny Flat Entire Ferm.: (+) Opaque
'\QSZA Yellow Oval Smooth/Shiny SrI;?SP;t(ij Entire Il\:fr?]r.]:it(cj_l) Opaque
Eol\éllB DaLI?gI(B:II(ue- Circular Smooth/Shiny Flat Entire Sm?r? I Iéi) Opaque
EOI\(;IZB DaLI?;IZI(ue- Circular Smooth/Shiny Flat Entire Smitr? I Iéi) Opaque

Keys: MSA — Mannitol Salt Agar; EMB - Eosin Methylene Blue Agar

Table 2: Biochemical and Pathogenicity Tests for Isolates

Gram Methyl . .

G+ve
nggf cocci + + NT NT Beta (B) S. aureus
(clusters)
G+ve
'\g(?? cocci + + NT NT Alpha (o) S. aureus
(clusters)
Eol\gf G-ve rods NT NT + + Negative (—) E. coli
EOI\SZB G-ve rods NT NT + + Negative (—) E. coli

Keys: NT — Not Tested; G+ve — Gram-positive; G-ve — Gram-negative
Antibacterial Activity Against Staphylococcus aureus
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No zone of inhibition was produced at 50, 100, or 200 mg/mL. At 400 mg/mL the mean ZOI was 15.0 mm; at 800
mg/mL it was 22.0 mm; and at 1000 mg/mL it was 27.5 mm. The Ciprofloxacin positive control produced a ZOI of
26.0 mm. At 1000 mg/mL the extract marginally exceeded the antibiotic control. The DMSO negative control

produced no inhibition (Table 3).

Table 3: Antibacterial Activity of C. longa Extract Against S. aureus

. Trial 1 - ZOl Trial 2 - ZOl Mean ZOI
Concentration (mg/mL) (mm) (mm) (mm)

50 0 0 0
100 0 0 0
200 0 0 0
400 16 14 15.0
800 22 29 220
1000 28 27 275
it A 2 2 260
Negative Control (DMSO) 0 0 0

Keys: ZOI — Zone of Inhibition; DMSO - Dimethyl Sulphoxide

Antibacterial Activity Against E. coli
No zone of inhibition was detected at 50, 100, or 200 mg/mL. At 400 mg/mL the mean ZOI was 11.5 mm; at 800

mg/mL it was 17.0 mm; and at 2000 mg/mL it was 21.5 mm. The Ampicillin positive control produced 21.0 mm.
The extract at 2000 mg/mL marginally exceeded the antibiotic control. DMSO produced no inhibition (Table 4).

Table 4: Antibacterial Activity of C. longa Extract Against E. coli

. Trial 1 — ZOlI Trial 2 — ZOlI Mean ZOI
Concentration (mg/mL) (mm) (mm) (mm)

50 0 0 0
100 0 0 0
200 0 0 0
400 1 12 115
800 18 16 17.0
1, 000 22 21 215
Positive Colngrﬁg)(Ampicillin 21 21 210
Negative Control (DMSO) 0 0 0

Keys: ZOIl — Zone of Inhibition; DMSO — Dimethyl Sulphoxide

Comparative Antibacterial Activity
At all active concentrations, S. aureus consistently produced larger ZOI than E. coli. The differences in mean ZOI at

400, 800, and 1000 mg/mL were 3.5, 5.0, and 6.0 mm respectively, indicating that the differential susceptibility
between the two organisms widened with increasing extract concentration (Table 5).

Table 5: Comparative ZOI of C. longa Extract Against S. aureus and E. coli

Concentration (mg/mL) hgﬁ?:uic()r:w_n;s' AU Z(g:n; = sl Difference (mm)

50 0 0 0
100 0 0 0
200 0 0 0
400 15.0 115 3.5
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Concentration (mg/mL) I\gﬁarguic()rlnr_n;s' AU %g:n; = sl Difference (mm)
800 5.0

22.0 17.0
1, 000 27.5 21.5 6.0

Negative Control
(DMSO)

Keys: ZOI — Zone of Inhibition; DMSO — Dimethyl Sulphoxide

0 0 0

Discussion

Antibacterial Activity Against Staphylococcus aureus

The ethanolic extract of Curcuma longa produced no measurable inhibitory activity against S. aureus at concentrations of 50,
100, and 200 mg/mL, but demonstrated clear, concentration-dependent antibacterial activity at 400, 800, and 1000 mg/mL,
yielding mean zones of inhibition of 15.0, 22.0, and 27.5 mm respectively. This pattern is consistent with the findings of
Momoh et al. (2022), who tested aqueous and methanolic extracts of C. longa against S. aureus at LASUSTECH, Lagos, and
reported zones of inhibition ranging from 22.31 to 30.13 mm at concentrations of 250-500 mg/Ml, values directly comparable
to those obtained in the present study at 800—1000 mg/mL. Similarly, Abdullahi et al. (2024) working with turmeric rhizome
extract from Kaduna State, reported inhibition zones of 10-17 mm against S. aureus clinical isolates using methanol extract,
which falls below the 15.0-27.5 mm range recorded here. This discrepancy is most plausibly attributable to the higher
concentration range employed in the present study (up to 1000 mg/mL) and to possible variation in curcuminoid content
between geographically distinct plant material sources, since Salem et al. (2022) demonstrated that phytochemical composition
varies significantly with geographical origin and post-harvest handling.

The positive control, Ciprofloxacin (5 pg), produced a ZOI of 26.0 mm against S. aureus. The extract at 1000 mg/mL (27.5
mm) marginally exceeded this value, consistent with the report by Mahmuda et al. (2015), who similarly found that ethanolic
turmeric extract surpassed ciprofloxacin (18.2 + 0.66 mm) under comparable conditions. This finding suggests that at
sufficiently high concentrations, C. longa ethanolic extract can produce antibacterial effects against S. aureus at least
comparable to a clinically relevant antibiotic. This comparison must, however, be interpreted with caution: the agar well
diffusion method delivers a substantially larger volume of extract per well (100 pL) compared to the standardised dose on an
antibiotic disc, and the two methods differ inherently in their diffusion Kinetics (Balouiri et al., 2016). Nonetheless, the finding
retains significance in the AMR context because, as Mun et al. (2014) demonstrated through transmission electron microscopy,
curcumin causes direct cell membrane disruption, cytoplasmic damage, and cell lysis in S. aureus through a multi-target
mechanism that is inherently more difficult for bacteria to evade through single resistance mutations than the single-target
mechanism of fluoroquinolones such as ciprofloxacin.

The absence of inhibitory activity at 50—200 mg/mL against S. aureus in this study contrasts with Mohammed et al. (2021), who
reported measurable zones at concentrations as low as 25 mg/mL in their Bauchi Teaching Hospital study. This discrepancy
likely reflects differences in the bacterial strains used: Mohammed et al. (2021) tested clinical isolates obtained directly from
hospitalised patients, who may exhibit different strain-specific susceptibility profiles from the throat swab isolate used here.
Additionally, Odo et al. (2023) reported zones of 4-9 mm against S. aureus at the much lower range of 0.25-1.0 mg/mL,
attributable to their specific extraction conditions and strain characteristics. These differences collectively highlight a well-
known limitation of the agar well diffusion method when applied to hydrophobic compounds: the rate of diffusion through the
aqueous agar matrix is constrained by curcumin’s low water solubility, such that the detectable inhibition threshold in agar-
based assays does not necessarily correspond to the true minimum inhibitory concentration of the compound (Balouiri et al.,
2016; Abdullahi et al., 2024).

Antibacterial Activity Against E. coli

Against E. coli, the extract produced mean ZOlI of 11.5, 17.0, and 21.5 mm at 400, 800, and 1000 mg/mL respectively, with no
activity below 400 mg/mL. These results are consistent with Momoh et al. (2022), who reported ZOI of 22.29 + 2.35 to 29.56 +
2.23 mm against E. coli at 250-500 mg/mL. The somewhat larger zones in that study may be explained by the higher
concentrations tested and the specific methanolic solvent system employed, which may yield a phytochemical profile different
from the 90% ethanol used here. Abdullahi et al. (2024) confirmed dose-dependent ZOI of 10-25 mm against E. coli, directly
mirroring the pattern observed in this study.

In contrast, Mohammed et al. (2021) reported complete resistance of E. coli to turmeric extract across 25-100 mg/mL,
attributing this to the protective function of the outer membrane lipopolysaccharide (LPS) layer. The present study also
recorded no activity against E. coli within the overlapping 50-200 mg/mL range, which is consistent with Mohammed et al.
(2021). However, substantial activity was observed at 400—1000 mg/MI, a range not tested in the Bauchi study. This indicates
that the outer membrane barrier of E. coli is concentration-dependent and can be overcome at sufficiently high extract
concentrations, rather than representing absolute resistance, in agreement with the structural analysis by Silhavy et al. (2010)
and the broader experimental literature reviewed by Beshiru et al. (2024).

The Ampicillin positive control produced a ZOI of 21.0 mm against E. coli, marginally below the 21.5 mm produced by the
extract at 1000 mg/mL. This is particularly noteworthy because ampicillin resistance is among the most widely reported
resistance phenotypes in E. coli, driven by beta-lactamase production and efflux pump overexpression (Nasrollahian et al.,
2024). The modest ampicillin zone therefore suggests that the E. coli isolate used in this study may exhibit reduced
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susceptibility to the antibiotic, a scenario under which the extract’s ability to match or exceed the antibiotic ZOI carries
additional clinical relevance. Abdullahi et al. (2024) similarly proposed that plant-derived curcuminoid extracts may retain
activity against organisms where conventional antibiotics are losing effectiveness, because curcumin’s membrane-disruption
mechanism does not share the beta-lactam antibiotic’s molecular target.

Differential Susceptibility: Gram-Positive vs. Gram-Negative

At all active concentrations, S. aureus produced consistently larger ZOI than E. coli, with differences of 3.5 mm, 5.0 mm, and
6.0 mm at 400, 800, and 1000 mg/mL respectively. This pattern of greater susceptibility of the Gram-positive organism, is the
most consistently reported finding across the turmeric antibacterial literature. Momoh et al. (2022) and Abdullahi et al. (2024)
all documented larger ZOI against S. aureus than against E. coli under the same experimental conditions. The structural basis
for this differential is well established: S. aureus lacks the outer lipopolysaccharide membrane present in E. coli, allowing
hydrophobic curcuminoids to reach the cytoplasmic membrane of S. aureus more readily than they can penetrate the tripartite
envelope of E. coli (Silhavy et al., 2010). At the multi-species level, Adamczak et al. (2020) documented consistently greater
Gram-positive sensitivity to curcumin across over 100 strains belonging to 19 species, confirming that the pattern observed here
is not isolate-specific but reflects a consistent pharmacological reality rooted in bacterial cell architecture. In this present study,
rhizome extract was used, which is the pharmacologically richest botanical source, and the more typical pattern of greater S.
aureus susceptibility was observed, consistent with the bulk of the evidence.

The widening of the inter-organism ZOI difference with increasing concentration (from 3.5 mm at 400 mg/mL to 6.0 mm at
1000 mg/mL) suggests that as concentration increases, the additional bioactive compounds penetrating E. coli’s outer
membrane still reach S. aureus’s cytoplasmic membrane at a greater effective concentration, amplifying the differential. This
has implications for concentration selection in future studies, particularly the threshold at which E. coli inhibition transitions
from borderline to clinically meaningful.

Phytochemical Basis of Observed Activity

The antibacterial activity observed in this study is attributable to the spectrum of bioactive secondary metabolites present in the
ethanolic extract of C. longa. Ethanol is a polar protic solvent that efficiently extracts the hydrophobic curcuminoid fraction
being curcumin, demethoxycurcumin, and bisdemethoxycurcumin, which are the primary pharmacologically active constituents
responsible for membrane disruption, FtsZ inhibition, and ROS generation (Teow et al., 2016; Kali et al., 2020). Flavonoids
present in the extract contribute antibacterial activity through disruption of cell membrane function and inhibition of nucleic
acid synthesis; tannins precipitate bacterial proteins and inhibit microbial enzymes; and alkaloids intercalate with bacterial
DNA and inhibit topoisomerase (Adekunle et al., 2022). This multi-constituent, multi-target pharmacological action is
fundamentally different from the single-target mechanism of conventional antibiotics, and is a recognised reason why plant-
derived extracts are inherently less likely to drive resistance development through single-step mutation (Adekunle et al., 2022;
Teow et al., 2016). The combination of membrane-active curcuminoids and intracellular-targeting flavonoids and alkaloids in
the same extract is likely responsible for the robust dose-dependent activity observed across both test organisms.

Implications of E. coli Isolation from Campus Tap Water

The isolation of E. coli from a tap water sample collected within the Veritas University campus represents a public health
observation of independent significance. E. coli is a widely adopted indicator organism for faecal contamination of water
supplies, and its presence in treated tap water signals a potential breakdown in water treatment, storage, or distribution
infrastructure (Cheesbrough, 2017 and Amaechi et al., 2021). In the Nigerian context, faecal contamination of institutional
water supplies has been repeatedly documented across university campuses and public facilities, and is a recognised driver of
gastrointestinal disease in students and staff populations (Nasrollahian et al., 2024). This finding, while incidental to the
primary objective of the present study, warrants formal reporting to the relevant institutional and regulatory authorities and
points to the need for systematic microbiological monitoring of campus water supplies.

Study Strengths and Comparison with Published Literature

Several methodological decisions in the present study enhance the rigour and interpretability of the findings. The use of 90%
ethanol as the extraction solvent is supported by multiple comparative studies demonstrating superior curcuminoid recovery
relative to aqueous extraction (Amalraj et al., 2021; Mohammed et al., 2021). The use of Mueller-Hinton Agar as the assay
medium, standardisation of inoculum to 0.5 McFarland standard, and inclusion of both positive and negative controls align with
CLSI-endorsed protocols and maximise the comparability of results with the international literature (Balouiri et al., 2016). The
testing of a wide concentration range (50-1000 mg/mL) and the use of duplicate trials enable characterisation of the complete
dose-response relationship. The simultaneous evaluation of both S. aureus and E. coli under identical experimental conditions
provides direct and scientifically valid comparative data on Gram-positive versus Gram-negative susceptibility that many
published studies have not generated.

Conclusion

This study demonstrated that the ethanolic extract of locally sourced Curcuma longa rhizomes possesses significant,
concentration-dependent antibacterial activity against both Staphylococcus aureus and E. coli under in vitro conditions.
Staphylococcus aureus was successfully isolated from a throat swab and confirmed by MSA morphology, Gram staining,
catalase and coagulase reactions, and beta-haemolysis. E. coli was isolated from campus tap water and confirmed by EMB
metallic sheen, indole positivity, and methyl red positivity. The 90% ethanolic paste extract, prepared by cold maceration and
confirmed sterile prior to use, produced no inhibitory activity at 50, 100, and 200 mg/mL but demonstrated clear, reproducible
zones of inhibition at 400, 800, and 1000 mg/mL. Mean ZOI against S. aureus were 15.0, 22.0, and 27.5 mm respectively;
against E. coli they were 11.5, 17.0, and 21.5 mm. Staphylococcus aureus was consistently more susceptible than E. coli at all
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active concentrations, as predicted by structural differences between Gram-positive and Gram-negative cell envelopes. At 1000
mg/mL, the extract marginally exceeded the Ciprofloxacin positive control (26.0 mm) against S. aureus and the Ampicillin
positive control (21.0 mm) against E. coli.

These findings contribute locally generated, empirically grounded evidence to the growing global body of research supporting
Curcuma longa as a promising natural antimicrobial agent in the context of antimicrobial resistance. The results affirm the
pharmacological potential of Nigerian-sourced turmeric and justify further investigation including MIC/MBC determination,
phytochemical characterisation, multi-isolate testing, and in vivo evaluation toward the ultimate goal of contributing to AMR
management in resource-limited healthcare settings.

Recommendations

Future studies should formally determine MIC and MBC values for the C. longa ethanolic extract against S. aureus and E. coli
using broth microdilution, to provide quantitative pharmacological endpoints that complement the ZOI data and enable
comparison with clinical antibiotic breakpoints (Odo et al., 2023). The concentration range between 200 and 400 mg/mL should
be investigated at finer increments to precisely define the inhibitory threshold for both organisms, given that the current data
indicates an activity onset between 200 and 400 mg/mL for both. Additionally, a comparative extraction study should be
conducted testing ethanol, methanol, and aqueous extracts from the same C. longa rhizome sample under identical conditions to
establish which solvent system yields the most potent extract, providing evidence-based guidance for future extraction method
selection (Momoh et al., 2022; Odo et al., 2023). Furthermore, phytochemical screening and HPLC quantification of the
extract’s bioactive constituents, particularly curcumin, flavonoids, tannins, and alkaloids should be performed so that observed
antibacterial activity can be correlated with specific compounds and compared to reference standards (Salem et al., 2022).
Likewise, cytotoxicity assays and in vivo safety evaluations should be conducted at the active concentrations (400—1000
mg/mL) identified here, prior to any consideration of translational or therapeutic application (Beshiru et al., 2024). Finally, the
study should be extended to include multiple clinical isolates of S. aureus and E. coli, encompassing confirmed MRSA and
ESBL-producing strains, to assess the practical utility of the extract against clinically relevant resistant phenotypes.
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