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Abstract Costus afer Ker Gawl. is an erect, evergreen
herbaceous plant with spirally arranged leaves, belonging
to the family Costaceae. This study aimed to investigate the
morphological, anatomical, phytochemical characters, and
antimicrobial activity of the plant. Anatomical studies were
carried out using paraffin wax embedding technique while
morphological studies and phytochemical analysis were
conducted using standard laboratory methods. The
antimicrobial activity was evaluated using in vitro assays,
including agar well diffusion and broth microdilution
methods. Significant differences were determined using
Duncan's Multiple Range Test (DMRT). The results
revealed distinctive morphological and anatomical features,
including entire leaf margins, collateral and closed
vascular bundles, and a light hair-like structure around the
stem. Phytochemical analysis detected the presence of
alkaloids, flavonoids, phenols, saponins, steroids, tannins,
and terpenoids in the leaf, stem, and root. The plant's
extracts demonstrated a dose-dependent inhibitory effect
against the tested bacterial and fungal pathogens,
indicating a potential therapeutic application. Aspergillus
fumigatus was the most susceptible to the plant extracts.
The blend of root and stem extract showed strong
antibacterial activity against Heampophilus infleunzae,
Salmonella typhi, Streptococcus agalactiae, and Vibro
cholera. The findings provide valuable information on the
botanical and phytochemical properties of C. afer,
highlighting its potential as a source of antimicrobial
agents.

Keywords Antimicrobial ~ Activity, Aspergillus
fumigatus, Geotrichum candidum, Anatomical Characters,
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1. Introduction

Costus afer Ker Gawl., a member of the Costaceae
family in the order Zingiberales, is a plant species with
diverse traditional medicinal applications. The family
comprises seven genera with approximately 143 known
species [1], including 80 species in the genus Costus [2].
Commonly known as ginger lily, bush cane, or spiral
ginger, C. afer is also referred to by various local names in
Nigeria, including "Okwete" [3], "Okpete", "Okpoto",
"Kakizawa", "Tete-egun", and "Mbritem" [4].

Phytology encompasses the study of plant
characteristics, including morphology, anatomy, and
phytochemistry. Plant morphology examines the external
form of plant organs, while anatomy explores their internal
structure. Phytochemistry focuses on the chemical
compounds derived from plants. Antimicrobial agents,
including those from plants, inhibit microbial growth or
kill microbes.

Traditional medicine has long utilised medicinal plants,
including C. afer, for their therapeutic properties to restore
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health. The medicinal properties of plant parts depend on
the presence of active principles, such as secondary
metabolites. The presence and quantity of these
compounds vary depending on factors such as plant species,
age, season, climate, and geographic location.

The increasing global threat of antibiotic resistance [5]
and limited access to quality, affordable medicines [6] have
led to a surge in search of plant-based antimicrobial
alternatives. Extracts from plants, including C. afer, have
shown potential in inhibiting microbial growth [7]. In
Africa, parts of C. afer are used to treat various ailments,
including abscesses, ulcers, toothache, diarrhoea, and
abdominal pains.

This study aimed to investigate the phytomorphology,
anatomy, chemical composition, and in vitro antimicrobial
activity of C. afer parts.

2. Materials and Methods

2.1. Collection of Plant Materials

Mature leaves, stems, and roots of Costus afer were
collected in June from Nnamdi Azikiwe University, Awka,
Nigeria. The plant was authenticated by Dr. C. A. Ezeabara,
a plant taxonomist, and a voucher specimen was deposited
in the herbarium of the Department of Botany at the same
institution.

2.2. Preparation of Plant Samples

The collected leaves, stems, and roots of C. afer were cut
into small pieces using a knife and air-dried at room
temperature for five days. The dried samples were then
pulverised using a mortar and pestle, followed by grinding
into a fine powder using an electric blender (Century,
China). The powdered samples were stored in airtight jars
in a refrigerator (Hisense, China) at 4 °C until further use.

2.3. Morphological Study

The leaf, stem, and root specimens of C. afer were
examined physically, and their characters were measured
using the method described by Ezeabara et al. [8]. The
petiole measurement started from the ligule to the base of
the leaf. The observations and measurements of the plant
parts were done using an eye lens, thread, and ruler. The
habit photograph was taken with a Sony DSC-W230
camera (China).

2.4. Anatomical Study

The anatomical study was performed using a modified
version of Ezeabara and Okeke’s method [9]. The six-stage
process consisted of: specimen collection, dehydration,
infiltration, embedding, staining and mounting. Ten leaves,
stems, and roots of C. afer, respectively, were collected in
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vials containing formaldehyde, glacial acetic acid, and
alcohol in the ratio of 1:1:18. Dehydration of the specimens
was performed in ethanol series (30%, 50%, 70%, and 95%)
each for 2 hours. The specimens were stored overnight in
absolute (99.6%) ethanol to achieve complete dehydration.
They were then cleared in a series of ethanol-chloroform
mixtures (3:1, 1:1, and 1:3) for 3 hours each. The cleared
specimens were subsequently placed in molten anatomical
wax and alcohol at 70 °C for 24 hours to facilitate effective
infiltration of wax into the specimen and to replace the
chloroform lost through evaporation.

Following infiltration, the specimens were embedded by
applying a thin layer of glycerine to the inside of clean
moulds, pouring in the molten wax, and orienting the
specimens in a position suitable for sectioning. The wax
was allowed to cool and solidify into a block. The wax
blocks were then removed from the moulds, attached to
wooden holders, and marked prior to sectioning. The wax
blocks were trimmed, attached to a sledge microtome, and
sectioned at a thickness of 20 microns. Ten thin sections of
each leaf, stem, and root sample were selected, fixed on
clean slides coated with a thin film of egg albumen, and
stretched by passing them over a hot plate to secure
attachment to the slides. The slides bearing the sections
were arranged in a slide rack and placed in an oven at 70 °C
for 12 hours to melt the wax from the sections. For staining,
the sections were dehydrated by passing the slides through
a series of xylene and ethanol mixtures (3:1, 1:1, and 1:3
v/v), followed by absolute ethanol, 95%, 70%, 50%, and
30% ethanol. The slides were briefly immersed in water,
stained with 0.1% Alcian blue, and counterstained with 1%
Safranin.

The stained slides were rinsed briefly in tap water,
dehydrated through the ethanol series, and cleared across
the xylene-absolute ethanol series. Mounting was carried
out by placing one drop of Canada balsam on a clean slide
and carefully covering the sections with a coverslip,
ensuring that the Canada balsam spread and covered the
specimen sections. The slides were observed under an
Olympus (XSZ-107BN, China) light microscope at x4,
x10, and x40 magnifications. Photomicrographs of the
informative slides were taken using a digital camera (Sony
DSC-W230, China).

2.5. Extraction

Extraction of bioactive compounds from C. afer leaf,
stem, and root was performed using a modified cold
maceration technique described by Atata and Ajewole [10].
Briefly, 100 g of dried powdered sample from each plant
part was immersed in 1000 mL of 70% aqueous methanol
and allowed to soak overnight. The mixture was then
filtered through a two-folded muslin cloth and Whatman's
filter paper (no. 42). The filtrate was concentrated to
one-quarter of its original volume by heating.

The resulting extracts were stored in sterile containers,
properly sealed, and refrigerated at 4 °C until further
analysis. To confirm the sterility of the extracts, a 2 mL
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aliquot of each extract was added to 10 mL of sterile
nutrient broth, following the method outlined by Ronald
[11]. The broths were incubated at 37 °C for 24 hours, and
the absence of turbidity confirmed the sterility of the C.
afer leaf, stem, and root extracts.

2.6. Qualitative Phytochemical Analysis

Qualitative phytochemical analysis of C. afer leaf, stem,
root, and the stem-root blend was performed to detect
saponins, alkaloids, steroids, and phenols using methods
described by Harborne [12]. The presence of flavonoids
and tannins was assessed using Sheraz ef al.'s methods [13].
The presence of terpenoids was detected according to the
method described by Narayan et al. [14]. Hydrogen
cyanide (HCN) was determined using the alkaline picrate
technique outlined by Williams and Edwards [15]. The
presence of phytochemicals was indicated by (+), while
their absence was denoted by (-).

2.6.1. Test for Tannins

Tannin tests were conducted on powdered samples of C.
afer leaf, stem, root, and stem-root blend. Each sample was
mixed with 20 mL of distilled water in a test tube, boiled,
and filtered. Three drops of 0.1% v/v Ferric chloride (FeCls)
were added to the filtrate. A brownish-green colour change
indicated the presence of tannins.

2.6.2. Test for Saponins

One millilitre of the filtrate was diluted in 1 mL of water
and shaken vigorously. A strong frothing showed the
presence of saponins.

2.6.3. Test for Alkaloids

One milligram of the extract was mixed with 5.0 mL of
2% HCI and heated on a steam bath. After filtration,
Wagner’s reagent (iodine in potassium iodide solution)
was added to 1 mL of the filtrate. A reddish brown
precipitate confirmed the presence of alkaloids.

2.6.4. Test for Flavonoids

The acid-alkaline reagent test was employed to detect
flavonoids. Two drops of sodium hydroxide solution were
added to the plant extract, resulting in a yellow colouration,
which indicated a positive test for flavonoids. To confirm,
3 drops of concentrated hydrochloric acid (HCI) were
added to the yellow solution, causing it to turn colourless.

2.6.5. Test for Sterols

The test for sterols involved dissolving 1 mL of each
extract in 2.0 mL of chloroform, followed by the addition
of 1 mL of concentrated H,SO4. A reddish-brown colour
formed at the interface, indicating the presence of sterols.

2.6.6. Test for Phenols

To detect phenols, 1 mg of 10% ferric chloride was
added to each extract, resulting in the formation of a black
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precipitate, which confirmed the presence of phenolic
compounds.

2.6.7. Test for Terpenoids

Each C. afer sample (0.8 g) was mixed with 10 mL of
methanol, shaken, and filtered. Then, 5 mL of each extract
was mixed with 2 mL of chloroform and 3 mL of sulfuric
acid, resulting in the formation of a reddish-brown colour,
indicating the presence of terpenoids.

2.6.8. Test for Hydrogen Cyanide (HCN)

Each powdered sample (1 g) was dissolved in 50 mL of
distilled water and left to stand for 24 hours. The extracts
were filtered, and 1 mL of each filtrate was mixed with 4
mL of alkaline picrate. After incubation, a reddish-brown
hue and a spectrophotometer reading at 490 nm confirmed
the presence of HCN.

2.7. Source of Test Microorganisms

This study utilised bacteria and fungi as test
microorganisms. The bacterial strains  included
Haemophilus influenzae, Salmonella typhi, Streptococcus
agalactiae and Vibrio cholerae, while the fungal strains
consisted of Aspergillus fumigatus and Geotrichum
candidum. The pure clinical isolates were obtained from
the Department of Pathology Laboratory, National Root
Crops Research Institute (NRCRI), Umudike, Nigeria. To
ensure purity, all isolates were subcultured and maintained
on Nutrient broth at 4°C in a refrigerator prior to use.

2.7.1. Standardization of Bacteria Cell Suspension

The nutrient broth cultures of the test organisms were
subcultured on nutrient agar plates and incubated for 24
hours. The resulting growth was mixed with 2 mL of sterile
distilled water, and 1 mL of this suspension was diluted to
1074 fold in 9 mL of sterile distilled water. A 100 pL
aliquot of this diluted suspension was spread evenly onto
the surface of a fresh agar plate. The plant extracts were
reconstituted with sterile distilled water and methanol. A
stock solution was prepared by dissolving 5 g of each
extract in 50 mL of sterile water and methanol. From this
stock, four concentrations (30 mg/mL, 20 mg/mL, 10
mg/mL, and 5 mg/mL) were prepared for each extract.

2.7.2. Antibacterial Susceptibility Assay

The agar diffusion method [16] was used to evaluate the
antimicrobial activity of the methanol extracts. Sterile Petri
dishes were filled with nutrient agar, allowed to solidify,
and then inoculated with 1 mL of test culture, spread
evenly using a spreader. Four 5 mm diameter wells were
created on the agar surface using a sterile cork borer. The
plates were marked and filled with 0.2 mL of leaf, stem,
root, and stem-root blend extracts of C. afer, respectively.
The setup consisted of one colony per Petri dish with four
extract concentrations in four wells, repeated three times.
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The plates were incubated aerobically at 37 °C for 24 hours.

Amoxicillin and fungabacter served as standard controls.
Antimicrobial efficacy was evaluated by measuring the
inhibition zones using a meter rule, and the readings were
recorded.

2.8. Statistical Analysis

Data were statistically analysed using Analysis of
Variance (ANOVA) with SPSS version 21. Data were
tested for normality using the Kolmogorov-Smirnov test
and for homogeneity of variance using Levene's median
test. The significant differences were determined using
Duncan's Multiple Range Test (DMRT), and results were
expressed as mean + standard deviation of triplicate
determinations.

Phytological and Pharmacological Investigations of Extracts from Various Parts of Costus afer Ker Gawl.

3. Results and Discussion

Morphological analysis revealed that C. afer is a
monocotyledonous plant, characterised by simple leaves
with parallel venation, entire margins, and slight hairiness.
Leaves were attached to nodes via a ligule, with light
hair-like structures surrounding the stem. Leaf shape was
broadly elliptical to obovate, with an acuminate apex and
rounded to subcordate base. The succulent stem was green,
circular, and glabrous (Table 1 and Fig. 1). Leaf length,
width, and petiole length were 18.32+1.94 cm, 5.21 + 0.69
cm, and 0.60 + 0.10 cm, respectively. Notably, C. afer
possessed a short petiole, a characteristic distinguishing it
from other monocotyledonous plants like Colocasia
esculenta (L.) Schott, which had a longer petiole [8]. These
morphological features provide descriptive characters
useful for identifying C. afer.

Table 1. Morphological Characters of Costus afer

Plant Parts Parameters Result
Plant habit Herb
Growth habit Erect
Leaf Leaf length 18.32+1.94 cm
Leaf width 5.21+0.69 cm
Leaf retention Evergreen
Mature leaf colour Green
Leaf texture Glabrous
Leaf type Simple
Phyllotaxy Spiral
Leaf shape Elliptical-Obovate
Leaf venation Parallel
Leaf margin Entire
Leaf apex Acuminate
Leaf base Rounded-Subcordate
Stem Stem colour Green
Stem texture Glabrous; with soft, hair-like structure around each node
Stem shape Round and smooth with swollen nodes
Root Root colour Brown

Root texture

Scaly
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(C) Transverse section of C. afer stem x40.

Scale bar = 18 pm.

(D) Transverse section of C. afer root x40.

Key: Ue, Upper epidermis; le, Lower epidermis; vb, Vascular bundle; sc, Sclerechyma; pp, Palisade parenchyma; sp, Spongy

parenchyma; pc, Parenchyma cells.

Figure 1. Photomicrographs of habit and transverse sections of leaf, stem and root of Costus afer.

The anatomical evaluation revealed the transverse
section characteristics of C. afer's leaf, stem, and root (Fig.
1). The leaf contained few vascular bundles, whilst the
stem's transverse section showed scattered vascular
bundles around the cortex. In contrast, numerous vascular
bundles were present in the root, consistent with typical
root anatomy [17]. Both leaf and root vascular bundles
were collateral and closed, characteristic = of
monocotyledonous plants. Similarly, the vascular bundles
in the transverse sections of C. esculenta leaves were also
collateral and closed [18]. The parenchymatous cells
formed a compact cortex, with larger inner cells possessing
intercellular spaces and smaller, more compact cells
towards the centre. Anatomical characters are highly
valued in pharmacognosy for identifying plant materials in

drug formulations [19]. These anatomical features provide
additional characters for distinguishing C. afer.
Phytochemical analysis of C. afer's methanol extract
revealed the presence of biologically active compounds,
including alkaloids, flavonoids, phenols, saponins, steroids,
tannins, and terpenoids, which varied across different plant
parts (Table 2). Notably, hydrogen cyanide was detected in
the leaf but absent in the stem and root, while steroids were
absent in the stem. The variability in phytochemical
composition among plant parts suggests that some parts
may be safe while others may be toxic. Furthermore,
seasonal variation in phytochemical content may lead to
increased concentrations during animal grazing periods,
particularly in aerial parts vulnerable to herbivory. This is
consistent with reports on the defensive roles of alkaloids
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[20] and flavonoids [21] in plants against herbivores.

Table 2. Qualitative phytochemical of leaf, stem, root, and stem-root
blend of Costus afer extracts

Phytochemicals Leaf Stem Root Stem-Root
Tannins + + + +
Saponins + + + +
Alkaloids + + + +
Flavonoids + + + +
Steroids + - + +
Phenols + + + +
Terpenoids + + + +
Hydrogen cyanide (HCN)  + - - -

Phytological and Pharmacological Investigations of Extracts from Various Parts of Costus afer Ker Gawl.

The antimicrobial investigations of C. afer leaf, stem,
and root extracts, as well as the stem and root combination,
revealed dose-dependent inhibitory activities against all
test bacterial and fungal pathogens (Table 3 and Figs. 2-5).
The stem and root blend extract exhibited the most intense
inhibitory activity against all test bacteria at 200 mg/mL,
with zones of inhibition as follows: H. influenzae (8.5 +
0.14 mm), S. typhi (7.54 £ 0.09 mm), S. agalactiae (8.23
0.11 mm), and V. cholera (7.46 £ 0.09 mm). Similarly,
Geotrichum candidum was highly susceptible to leaf (7.61
+ 0.01 mm) and root (7.62 + 0.02 mm) extracts.
Interestingly, the leaf extract demonstrated the strongest
antifungal activity against Aspergillus fumigatus (9.47 +
0.03 mm) at 200 mg/mL. These findings indicate that
higher concentrations of the plant extract are required for
enhanced potency against pathogens.

Table 3. Effects of leaf, stem, root and stem-root blend methanol extracts of Costus afer on bacterial and fungal pathogens

Concentration Bacterial and Fungal Mean Zone of Inhibition (mm)+SD

(mg/mb) Pathogens Control Leaf Stem Root Stem-Root | p-value

100 Heampophilus infleunzae | 7.83+0.04c 2.33+0.04a | 3.27+0.01b | 3.53+0.11b | 3.37+0.18b | 0.000
Salmonella typhi 9.61+0.01e 2.37+0.18b | 1.93+£0.04a | 2.73+0.04c | 3.60+0.00d | 0.000
Streptococcus agalactiae | 10.77+0.04d 2.91+0.72b | 2.53£0.11a | 3.76+0.06c | 4.43+0.25¢c | 0.000
Vibro cholera 8.87+0.04¢ 1.88+0.04a | 2.32+0.03b | 2.41£0.0l1c | 2.71£0.01d | 0.000
Geotrichum candidum 8.45+0.00e 2.79+0.04b | 3.91+0.01d | 2.41+0.01a | 3.40+0.00c | 0.000
Aspergillius fumigatus 9.61£0.01e 3.51+0.04c | 2.60+0.01a | 3.27+0.02b | 3.77+0.02d | 0.000

150 Heampophilus infleunzae | 8.3+0.00e 4.71£0.01a | 5.43+0.04c | 4.88+0.04b | 5.73£0.04d | 0.000
Salmonella typhi 12.8+0.00e 4.31£0.01b | 3.81+£0.0la | 4.78+0.03c | 5.33£0.10d | 0.000
Streptococcus agalactiae | 13.61+0.01e 5.63+0.04b | 4.91+0.01a | 5.88+0.04c | 6.25+0.07d | 0.000
Vibro cholera 12.60+0.14¢ 3.77+0.02a | 4.28+0.04b | 4.81+0.01c | 6.32+0.11d | 0.000
Geotrichum candidum 10.76+0.01e 4.53+£0.04a | 5.62+£0.03d | 5.00+£0.00c | 4.82+0.02b | 0.000
Aspergillius fumigatus 11.31£0.01d 6.30+£0.00c | 5.23£0.04a | 5.42+0.04b | 5.21+0.01a | 0.000

200 Heampophilus infleunzae | 14.25+0.00e 6.28+0.04b | 7.29+0.01c | 5.66+0.34a | 8.5+0.14d 0.000
Salmonella typhi 16.78+0.04¢ 5.76+0.00b | 4.84+0.09a | 6.50+0.00c | 7.54+0.09d | 0.000
Streptococcus agalactiae | 17.7+0.14d 6.44+0.02a | 6.24+0.06a | 7.32+0.11b | 8.23+£0.11c | 0.000
Vibro cholera 15.39+0.13¢ 5.41+0.01a | 6.65+0.00b | 6.87+0.04c | 7.46+0.09d | 0.000
Geotrichum candidum 15.61+0.01d 7.61+£0.01c | 6.33+£0.04a | 7.62+0.02c | 7.21x£0.01b | 0.000
Aspergillius fumigatus 16.82+0.03¢ 9.47+£0.03d | 8.67£0.04a | 9.20+0.00c | 8.77+0.02b | 0.000

Values are mean + Standard Deviation of three replicates. Means with different letters in a row are significantly different (p>0.05).



Zone of inhibition (mm)

12

10

(2]

IS

N

Advances in Pharmacology and Pharmacy 13(4): 721-729, 2025 727

il

100mg/ml  150mg/ml 200mg/ml
Concentration of Leaf Extract

M H. infleunzae
W S. typhi

u S. agalactiae
m V. cholera

B G. candidum

mA. fumigates

Figure 2. Effect of Costus afer leaf extract on the test pathogens
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Figure 3. Effect of Costus afer stem extract on the test pathogens
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Figure 4. Effect of Costus afer root extract on the test pathogens
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Figure 5. Effect of Costus afer stem-root blend extract on the test
pathogens

Furthermore, the synergistic = combination of
phytochemicals in the stem and root blend extract likely
contributed to its increased antimicrobial activity. The
presence of alkaloids, flavonoids, saponins, tannins, and
terpenes in C. afer parts suggests that these compounds
possess antibiotic effects. This is consistent with previous
reports, which have shown that alkaloids [22] and steroid
derivatives [23] exhibit antibacterial activity. Additionally,
saponins [24], tannins from Acacia mearnsii De Wild. [25],
and terpenes from Citrus species [26] have displayed
antimicrobial activity. Furthermore, flavonoids have been
found to possess antifungal properties [27]. The inhibitory
effects of C. afer leaf extract against Salmonella typhi were
concentration-dependent, with zones of inhibition
measuring 2.37 + 0.18 mm, 4.31 = 0.01 mm, and 5.76 +
0.00 mm at 100 mg/mL, 150 mg/mL, and 200 mg/mL,
respectively. However, this finding contrasts with Sonibare
et al.'s study [28], where a 100 mg/mL methanol extract of
C. afer leaf exhibited stronger antibacterial activity against
S. typhi (30 + 1.4 mm). The discrepancy may be attributed
to variations in phytocompound concentrations due to
differences in plant sample collection locations. Factors
such as genetic variation, soil composition, climate,
altitude, and topography could contribute to these
differences. Nevertheless, the presence of active
ingredients in various parts of C. afer, coupled with their
antimicrobial properties, underscores its potential as an
effective antibacterial and antifungal agent. This suggests
that C. afer could be a valuable resource for the
development of novel therapeutics.

The medicinal qualities of C. afer leaf, stem, and root
justify the therapeutic applications of this plant in Nigerian
traditional culture. The leaf and stem of the plant are boiled
for joint pains, piles, and cough in Nigeria [3]. Moreover,
previous research studies showed that ethanol and
methanol leaf extracts of C. afer exhibited
concentration-dependent  anti-inflammatory [29] and
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anesthetic [30] activities, respectively. The anti-lipidaemic
effect of aqueous C. afer stem extract had also been
reported [31]. The leaf and stem of C. afer were found to
contain the following nutrients: moisture content (18.63 +
2.11% and 6.76 £ 0.67%), crude fiber (21.16 £+ 0.86% and
27.28 £ 1.54%), crude ash (11.47 £ 1.47% and 1091 +
0.50%), and crude fat (1.83 + 0.43% and 1.75 + 0.48%),
respectively [32]. In addition, they contain calcium (7.69 +
1.12 mg/kg and 7.92 + 0.25 mg/kg), magnesium (4.01 £
1.25 mg/kg and 3.64 + 1.15 mg/kg), potassium (1.02 £ 0.34
mg/kg and 0.95 £+ 0.03 mg/kg) and sodium (1.97 + 0.12
mg/kg and 2.25 + 1.07 mg/kg) respectively. Moreover,
diosgenin, an important phytochemical constituent of C.
afer [7], had been reported for the management and
treatment of various diseases [33]. They include: cancer
[34], diabetes mellitus [35], skin illnesses [36],
atherosclerosis [37], cardiovascular illnesses [38] and
osteoporosis [39].

4. Conclusions

The anatomical, morphological, and phytochemical
characters of C. afer provide valuable markers for
distinguishing this species. Remarkably, the highest
concentration of C. afer extracts exhibited the most
significant antimicrobial activity, with the extract of stem
and root blend showing the strongest inhibitory effect
against all tested bacteria. The potent bioactive compounds
present in C. afer extracts demonstrate promising potential
for the development of novel therapeutic agents.
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