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Qassim University, Buraydah, Qassim, Saudi Arabia

Introduction: Vachellia nilotica has long been employed in traditional medicine
for its therapeutic value. This study aimed to assess the phytochemical composi-
tion, antioxidant potential, antimicrobial efficacy, and in vitro anticancer activ-
ity of its methanolic fruit extract, thereby validating its ethnopharmacological
significance.

Methods: The methanolic extract was subjected to preliminary phytochemical
screening for key secondary metabolites. Total phenolic and flavonoid contents
were quantified using Folin—Ciocalteu and aluminum chloride colorimetric methods,
respectively. The antioxidant capacity was evaluated through the DPPH free radical
scavenging assay. Antibacterial and antifungal activities were determined by the agar
well diffusion method against pathogenic strains. The cytotoxic and selectivity profiles
were assessed using MTT assays on human cancer cell lines (MCF-7, PC-3, Caco-2)
and normal Vero cells, with doxorubicin serving as a positive control.

Results: Qualitative screening revealed the presence of tannins, alkaloids, glyco-
sides, flavonoids, and terpenoids. The extract exhibited strong antioxidant potential
with an I1Cs, of 31.77 ug mL™, supported by high total phenolic (419.45 mg GAE
g™) and flavonoid (245.48 mg QE g™) contents. Notable antibacterial effects were
observed against both Gram-positive and Gram-negative bacteria, with maxi-
mum inhibition zones of 23.00 mm for Acinetobacter johnsonii and 21.00 mm
for Serratia marcescens at 1000 yg mL™. Pronounced antifungal inhibition was
recorded against Rhizoctonia solani, Penicillium italicum, and Fusarium oxyspo-
rum. The extract exhibited moderate and selective cytotoxicity toward cancer cells,
reducing viability to below 5% at 500-1000 pg mL™%, while maintaining significantly
higher viability in normal Vero cells compared with doxorubicin.

Discussion: The findings underscore the potent antioxidant, antimicrobial, and
selective anticancer properties of V. nilotica fruit extract. These bioactivities
substantiate its traditional medicinal applications and highlight its potential as a
source of bioactive compounds for therapeutic development. Further in vivo and
mechanistic studies are warranted to elucidate its pharmacological potential and
clinical relevance.
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1 Introduction

The World Health Organization (WHO) reports that herbal medi-
cine constitutes the primary healthcare approach for approximately
80% of the world’s population, mainly owing to several key advan-
tages: lower cost and widespread availability, particularly in resource-
limited settings; higher patient compliance and satisfaction; and
reduced incidence of adverse reactions compared to conventional
synthetic pharmaceuticals (1). Previous studies have validated the use
of medicinal herbs as alternatives for managing infections, diabetes,
cancer, and various other diseases, ranging from minor to moderate
conditions (2-5).

Vachellia nilotica (L.) P. J. H. Hurter & Mabb., synonymously
known as Acacia nilotica (L.) Willd. ex Delile, is classified within the
family Fabaceae (6, 7). It exhibits multiple regional nomenclatures,
including the talh tree, gard, and gum arabic tree. It is naturally dis-
tributed across numerous geographic regions, particularly in Saudi
Arabia, India, Egypt, and Sri Lanka (8). Laboratory studies and epide-
miological evidence support the role of chemoprevention in reducing
the risk of cancer in humans (9, 10). Numerous plant-derived dietary
constituents have demonstrated chemopreventive effects by inhibiting,
suppressing, or reversing carcinogenesis induced by various environ-
mental factors. V. nilotica (L.) exhibits notable antimutagenic proper-
ties, particularly against indirect mutagens (11). Various anatomical
components of V. nilotica, namely, fruit, stem bark, and mature pods,
have been employed in traditional medicine as therapeutic remedies.
These plant parts function as tonic and astringent agents and have
been utilized to manage respiratory infections, such as colds, bronchi-
tis, and pneumonia, as well as gastrointestinal disorders, including
dysentery (12). Several studies have verified its antimicrobial activity
(8, 12, 13). These plant parts exhibit substantial enrichment in pheno-
lic compounds, particularly condensed tannins and phlobatannins.
Scientific literature documents that extracts derived from this plant
exhibit diverse pharmacological activities, encompassing antimicro-
bial efficacy, anticancer properties, antimutagenic potential, anti-
pyretic effects, anti-inflammatory action, anti-ulcer benefits,
antihypertensive capacity, antispasmodic activity, and antioxidant
properties (8, 14-18).

The fruits of V. nilotica contain diverse phytochemical constitu-
ents that substantially contribute to their medicinal efficacy. Among
the prominent bioactive compounds, tannins are present in elevated
concentrations and have traditionally been employed for their anti-
filarial therapeutic properties. Previous phytochemical investigations
of V. nilotica fruits have reported the presence of several galloylated
catechin derivatives, including (+)-catechin-3-O-gallate, (—)-epicate-
chin-3-O-gallate,
(—)-epigallocatechin-3-O-gallate (19). These catechin derivatives have

(+)-gallocatechin, (—)-epigallocatechin, and
potent anthelmintic potential. In addition to tannins, V. nilotica fruits
harbor flavonoid and carbohydrate constituents. Conversely, previous
studies have reported the absence of alkaloids in pod extracts; how-
ever, our analysis of the fruit extract identified alkaloids, suggesting
tissue-specific variations in the phytochemical composition (20). This
aligns with the broader phytochemical profile of V. nilotica, in which
other parts of the plant have been found to contain phenolics, such as
gallic acid and catechin derivatives, contributing to its extensive use
in traditional medicine (21). Overall, the phytochemicals in V. nilotica
fruits and other plant parts support their use in the treatment of vari-
ous health conditions, underscoring their potential pharmacological
and medicinal applications.
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Bacterial infections pose significant clinical challenges in both
acute and chronic cases. Appropriate diagnosis before treatment is
essential to reduce the risk of antibiotic resistance (22). Despite ongo-
ing innovations in antimicrobial therapeutics, the escalating preva-
lence of antimicrobial resistance poses a significant public health
challenge (23). Resistance evolves under selective pressure created by
antimicrobial use and is emerging at a pace that outstrips the intro-
duction of new drugs. Effective antimicrobial stewardship, prudent
drug use, alternative therapies, and infection prevention strategies are
urgently required to slow this trend (24).

The literature indicates that methanolic extracts of V. nilotica fruit
exhibit higher phenolic content and antioxidant activity than extracts
obtained with other solvents. Consequently, this study aimed to (1)
characterize the antibacterial properties of V. nilotica fruit extract and
establish its estimated minimum inhibitory concentration (MIC-
estimate), (2) evaluate its cytotoxic effects on MCF-7, PC-3, and
Caco-2 cancer cells and non-transformed Vero cells, and (3) quantify
its antioxidant capacity.

2 Materials and methods

2.1 Sample collection and condensation
process

Dried fruit specimens of V. nilotica (L.) P. J. H. Hurter & Mabb.
(synonym: Acacia nilotica (L.) Willd. ex Delile were procured from the
local herbs market at Buraydah, Qassim Region, Kingdom of Saudi
Arabia. The fruits were pulverized and thoroughly rinsed with water.
A 100 g aliquot of resultant fruit pulp was subsequently immersed in
1000 mL of 80% methanolic solution and subjected to continuous agi-
tation for 48 h at ambient temperature (25 * 2 °C). Following the
extraction period, the mixture was filtered, and the solvent was
removed by rotary evaporation at 45 °C. The concentrated extract was
preserved in a sealed container at 4 °C for subsequent analyses. The
extraction process yielded 42.0% recovery, corresponding to a final
extract mass of 42.0 g obtained from the initial 100 g sample.

2.2 Preliminary phytochemical screening

Phytochemical screening was performed using an established
standard methodology with minor modifications based on the proto-
cols described by Farnsworth et al. (25), Harborne (26), and
Sofowora (27).

2.2.1 Phenolic compounds and tannins (ferric
chloride test)

Phenolic compounds were detected using the ferric chloride assay.
A 50 mg extract sample was dissolved in 5 mL of distilled water, and
a small volume of neutral ferric chloride solution was added. The
development of dark green coloration confirmed the presence of phe-
nolic compounds (26).

2.2.2 Alkaloids (Mayer's test)

Alkaloid identification was performed using Mayer’s reagent pre-
cipitation assay. Two drops of Mayer’s reagent were carefully applied

frontiersin.org


https://doi.org/10.3389/fnut.2026.1799072
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Abdul-Hafeez et al.

to the inner walls of a test tube containing a plant extract sample (sev-
eral milliliters). The development of a creamy white or pale yellow
precipitate indicated a positive alkaloid result (28).

2.2.3 Glycosides (Borntrager's test)

Borntrager’s test was used to identify the presence of glycosides.
In this procedure, 2 mL of the filtered hydrolysate was combined with
3 mL of chloroform and subsequently agitated. Subsequently, the
chloroform layer was extracted and replaced with a 10% ammonia
solution. The appearance of a pinkish hue indicated the presence of
glycosides (27).

2.2.4 Flavonoids (aluminum chloride test)

Flavonoid compounds were identified through aluminum chlo-
ride-based chemical analysis. The analytical procedure involved
mixing 3 mL of the plant extract with a 1% AICl; solution. The appear-
ance of yellow coloration indicated the presence of positive flavonoid
compounds (29).

2.2.5 Terpenoid test (Salkowski test)

Terpenoid detection was performed using the Salkowski colori-
metric assay. Next, 5 mL of the extract sample was combined with
2 mL of chloroform, and 3 mL of concentrated sulfuric acid was care-
fully added to establish a distinct stratified layer. The appearance of a
reddish-brown coloration at the interface indicated the presence of
terpenoids (26).

2.2.6 Saponins (frothing test)

Saponin detection was performed using a frothing assay. Next,
50 mg of the extract sample was dissolved in distilled water to reach a
final volume of 20 mL. The mixture was vigorously agitated in a grad-
uated cylinder for 15 min. The formation of a foam layer with a height
of 2 cm indicated the presence of saponins (27).

2.3 In vitro antioxidant activity (DPPH"
radical scavenging assay)

The antioxidant activity of the methanolic fruit extract was evalu-
ated using the DPPH radical scavenging method, as described by
Chang et al. (29). The experiment involved mixing 1 mL of 0.1 mM
DPPH in methanol with 1 mL of the extract samples at multiple con-
centrations (20-120 pg/mL) and incubating the solution in the dark
for 30 min. A blank control was established by combining 1 mL of
methanol with 1 mL of DPPH solution. Absorbance measurements
were performed at 517 nm using UV-Vis spectrophotometry with
ascorbic acid as the reference standard. The percentage of radical inhi-
bition was determined using Eq. 1:

1

o Abs.control — Abs.sample
%of DPPH radical inhibition =| ———— |x100
Abs.control
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2.4 Total phenolic content determination

The total phenolic content was quantified using a spectrophoto-
metric assay adapted from the Folin-Ciocalteu methodology (30), with
minor procedural adjustments. An aliquot (0.1 mL) of the methanolic
extract was transferred to a tube, followed by the addition of 0.2 mL of
10% Folin-Ciocalteu reagent (Panreac, Barcelona, Spain) dissolved in
water (v/v) to each standard and sample tube. The resulting mixture
was vortexed for 10 s, sealed, and incubated at ambient temperature for
30 min. Subsequently, 0.8 mL of 700 mM aqueous sodium carbonate
(Na,CO;) was added, and the mixture was vortexed again, sealed, and
maintained at room temperature for 2 h. A precisely measured 0.25 mL
aliquot of each sample was deposited in triplicate into a 96-well micro-
plate. During phenolic oxidation, the phosphomolybdic and phospho-
tungstic acid components of the Folin-Ciocalteu reagent undergo
reduction, producing blue-colored molybdenum and tungsten oxide
species. Absorbance readings were recorded at a wavelength of 735 nm
against a blank sample (in triplicate). The total phenolic content was
quantified as gallic acid equivalents using a calibration curve, and
results were reported as mg gallic acid per g. The calculation employed
the regression equation, y = 0.0044x + 0.0384. It was expressed as mg
gallic acid equivalent (GAE) g™' extract using the formula T'= CV/M,
where T is the total phenolic content (mg GAE g™ extract), C is the
concentration of gallic acid (pg mL™") from the calibration curve, V'is
the volume of the extract, and M is the mass of the extract.

2.5 Total flavonoid content determination

Flavonoid quantification in the V. nilotica extract was performed
using spectrophotometric analysis and reported as quercetin equiva-
lents, employing a modified aluminum chloride colorimetric assay
(29). The analytical procedure involved combining 0.5 mL of the
extract solution (1,000 pg mL™") with 1.5 mL of ethanol, 0.1 mL of 1 M
potassium acetate (w/v), 0.2 mL of 10% aluminum chloride (w/v), and
2.7 mL of distilled water. The resulting mixture was held at ambient
temperature (28 °C) for 30 min, after which the absorbance was quan-
tified at 430 nm using a microplate spectrophotometer. Distilled water
served as the blank control in place of the 10% aluminum chloride
reagent. A calibration curve was established through linear regression
analysis, with quercetin concentrations plotted on the x-axis and cor-
responding absorbance values on the y-axis. The quercetin-derived
calibration equation (y = 0.0055x — 0.0258) was utilized, where y rep-
resents the sample absorbance and x denotes the sample concentration
(range: 3-15 pg mL™, R = 0.9944).

2.6 Antibacterial activity
2.6.1 Bacterial strains

Bacillus subtilis, a gram-positive bacterium, and Erwinia caroto-
vora subsp. atroseptica, a gram-negative bacterium, were isolated from
soil and potato fields. The identification of these isolates was based on
their morphological, biochemical, and physiological characteristics
(31-34), and detailed diagnostic features are provided in
Supplementary Table S1. Additional gram-negative bacteria were
obtained from strains deposited at the Department of Plant Pathology,
Assiut University, Egypt: Escherichia coli (DH5w), Acinetobacter john-
sonii 6,005, Agrobacterium tumefaciens 614, and Serratia marces-
cens 2039.
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2.6.2 Antibacterial activity test

Extract sterilization was achieved using 0.20-pm polyether-
sulfone (PES) syringe filtration. The agar well diffusion technique
was employed for antimicrobial evaluation (35-37). Bacterial
strains were cultivated in nutrient broth at 28 £ 1 °C for 12 h to
achieve a concentration of 10° CFU mL™". E. coli was cultured in
LB medium, and cell suspensions (150 pL) were homogeneously
distributed on agar plates. Inoculation wells (6 mm diameter)
were filled with 100 pL of crude extract and incubated for 24 h at
28 £ 1 °C. Ampicillin sodium salt (250 mg L") was used as the
positive control compound. Bacterial susceptibility was indicated
by inhibition zones > 6 mm in diameter. Inhibition was deter-
mined using Eq. 2. The minimum inhibitory concentration
(MIC-estimate; determined from the agar diffusion assay) was
defined as the lowest extract concentration that caused >50%
inhibition.

Zone control —Zone treatment

%Growth inhibition = [ 7 l
one contro

wao 2)

2.7 Antifungal activity

The antifungal properties of V. nilotica fruit extract were
evaluated against three fungal isolates deposited at the
Department of Plant Pathology, Assiut University, Egypt:
Rhizoctonia solani 301, Penicillium italicum 309, and Fusarium
oxysporum 389, as reported by Abdel-Hafez et al. (38). The
extract was tested at varying concentrations (15.6-1,000 pg mL™")
incorporated into potato dextrose agar medium with hymexazole
(1,000 pg mL™") as the positive control. Hymexazole (1,000 pg/
mL) served as the positive control because of its established effi-
cacy against these plant-pathogenic fungi. Each plate received a
2 mm fungal culture disk at its center and was incubated for
10 days at 28 = 1 °C. The percentage of mycelial inhibition was
calculated using Eq. 3:

%Mycelial Growth Inhibition
Diameter control — Diameter treatment
%100

3)

Diameter control

2.8 Anticancer activity

2.8.1 Cell cultures

The cell lines employed in the current study were obtained
from the American Type Culture Collection (ATCC, Manassas,
VA, USA). They included three human cancer cell lines: prostate
(PC-3, accession number: ATCC CRL-1435), breast (MCF-7,
accession number: ATCC HTB-22), and colorectal adenocarci-
noma (Caco-2, accession number: ATCC ATB-37), as well as the
normal Vero cell line (accession number: ATCC CCL-81). RPMI
medium was used to grow cells with the addition of 10% fetal
bovine serum, 100 U mL™" penicillin G, and 100 mg mL™" strep-
tomycin sulfate. The cultured cells were incubated at 37 °Cin a
CO, incubator and harvested using trypsin (0.25%) and EDTA-
2Na (0.025%) in PBS.
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2.8.2 MTT assay

Cytotoxicity was evaluated using the MTT cell viability assay (4,
5). A density of 1 x 10° cells mL™" was seeded into 96-well microplates
and cultured for 24 h. Dose-response studies were initiated by adding
extract concentrations ranging from 31.25 to 1,000 pg mL™", along
with doxorubicin (positive control), which was tested at concentra-
tions ranging from 31.25 to 1,000 pg mL™", and incubating for 24 h.
MTT reagent (20 pL of 5 mg mL™") was added, incubated in the dark
for 4 h, removed, and replaced with DMSO (200 pL) for 30 min.
Absorbance was quantified at 560 nm. Cytotoxicity and selectivity
index (SI) were calculated using (Egs. 4 and 5):

%Cytotoxicity = [ Abs.co:lt)rol - Alt)s.slample J <100 @
s. contro
IC 1 cell
Selective Index (SI) | o0 TOTRA ¢S (5)
ICsq cancer cells

An SI value exceeding 2 is typically considered indicative of selec-
tive cytotoxicity against cancer cells.

2.9 Statistical analysis

Statistical analyses were performed using Statistix software (ver-
sion 8.1; Analytical Software, Tallahassee, FL, USA). Differences
among multiple groups were evaluated using one-way analysis of vari-
ance (ANOVA), whereas comparisons between two groups were per-
formed using unpaired t-tests. The least significant difference (LSD)
test was used to compare means at the p < 0.05 significance level.
Results are presented as mean + standard deviation (SD) derived from
at least three independent experimental replicates (39).

3 Results
3.1 Phytochemical screening

Table 1 summarizes the detailed phytochemical composition of
the 80% methanolic fruit extract derived from V. nilotica. Analytical
findings demonstrated the presence of multiple bioactive constituents,
including tannins, alkaloids, glycosides, flavonoids, terpenoids, and
saponins. This extensive phytochemical repertoire indicates substan-
tial potential for diverse pharmacological effects and therapeutic
applications. Quantitative assessment further substantiated the bioac-
tive potential of the extract, establishing elevated levels of total phe-
nolic compounds (419.45 mg GAE g™' extract) and flavonoid
constituents (245.48 mg QE g™' extract), as illustrated in Figure 1.
These quantitative values underscore the extract’s status as a signifi-
cant reservoir of phenolic and flavonoid compounds, which are likely
responsible for the observed antioxidant properties.

3.2 In vitro antioxidant activity (DPPH"
radical scavenging activity)

The antioxidant capacity of the methanolic V. nilotica fruit extract
was determined using DPPH radical scavenging methodology. At
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TABLE 1 Preliminary phytochemical profiling and bioactive compound identification in V.

nilotica fruit extract.

Phytochemical Method/ Methanolic

Reagent (80%) extract
Tannins Ferric chloride test +
Alkaloids Mayer’s test +
Glycosides Borntrager’s test +
Flavonoids Aluminum

chloride !
Terpenoids Salkowski test +
Saponins Frothing test +

(+) indicates presence and (—) indicates absence.

600 mg GAEg™
419.45

500
mgQEg™

400 245.48

300

200

mg g ! plant extract

100

Total Phenolics Total Flavinoids

FIGURE 1

Total phenolic and flavonoid composition of V. nilotica extract. GAE,
Gallic acid equivalent; QE, quercetin equivalent. The vertical bars
above and within the columns represent standard deviation (n = 3).

1000 pg mL™, the extract exhibited 87.84% radical scavenging effi-
ciency, with an ICs, value of 31.77 pg mL™" (Table 2). The extract effec-
tively converted stable DPPH radicals (purple) to the reduced form
1,1-diphenyl-2-picrylhydrazine (colorless), demonstrating concentra-
tion-dependent antioxidant activity. A comparison with the reference
standard ascorbic acid (ICs, = 2.88 pg mL™") provided context for the
extract’s radical-scavenging potential.

3.3 Antimicrobial activity

The methanolic fruit extract of V. nilotica exhibited concentration-
dependent antibacterial activity (Table 3). The largest inhibition zones
were observed against A. johnsonii (23.00 mm) and S. marcescens
(21.00 mm) at a concentration of 1,000 pg mL™". However, the activity
was lower than that of the standard ampicillin. In contrast, E. coli
showed the least sensitivity, with only moderate inhibition at higher
concentrations. Similarly, the extract exhibited notable antifungal
activity (Table 4). The mycelial growth of R. solani, P. italicum, and
E oxysporum was significantly decreased in a concentration-depen-
dent manner, although the inhibitory effect was less pronounced than
that of hymexazol.

3.4 In vitro cytotoxic activity

The methanolic fruit extract of V. nilotica reduced the viability of
MCEF-7, PC-3, and Caco-2 cells in a concentration-dependent
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TABLE 2 Antioxidant activity of the methanolic V. nilotica fruit extract measured via DPPH
radical scavenging.

Dilutions (pg mL™)

% Inhibition +SD

31.25 48.04 = 0.002
62.5 82.75 £ 0.001
125 87.06 +0.001
250 87.25+0.003
500 87.65 £ 0.001
1,000 87.84 +0.002
ICso (pg mL™") 31.77

Results are reported as mean + standard deviation based on triplicate determinations (n = 3).

manner, with the most pronounced effect observed in MCF-7 cells
(Figure 2). At higher concentrations, cell viability decreased sharply,
reaching below 5% at 500-1000 pg mL™" in all three cancer cell lines
tested. In contrast, Vero cells showed comparatively higher survival
at all concentrations, with 40.0% viability at 500 pg mL™" and 8.3%
viability at 1000 pg mL~'. Compared with doxorubicin (DXR), the
standard reference drug, the extract exhibited lower potency but
greater selectivity. DXR reduced cancer cell viability at much lower
concentrations; however, it also caused marked cytotoxicity in Vero
cells, particularly at concentrations above 250 pg mL™". This differ-
ence indicates that although the extract is less potent than DXR, it
exerts its effects with comparatively reduced toxicity in non-malig-
nant cells.

3.5 Correlation heatmap between bacterial
inhibition and antioxidant activity

The correlation heatmap (Figure 3) demonstrates the rela-
tionship between antioxidant activity and bacterial inhibition
across the six bacterial strains at different extract concentrations.
Antioxidant activity significantly increased from 48.04% at
31.25 pgmL™" to 87.84% at 1000 pg mL™', indicating the
strong radical-scavenging potential of the extract. Correlation
analysis revealed that antioxidant activity was strongly
positively associated with the inhibition of A. johnsonii (r = 0.98,
p <0.001), A. tumefaciens (r = 0.98, p < 0.001), and B. subtilis
(r=10.93, p <0.001). Moderate correlations were observed for
S. marcescens (r = 0.95, p < 0.001) and E. coli (r = 0.95, p < 0.001),
whereas E. carotovora displayed a slightly lower correlation
(r=0.96, p<0.001). These results indicate that as the
antioxidant capacity of the extract increased with concentration,
the antibacterial activity generally increased as well, suggesting a
possible association between antioxidant activity and bacterial
inhibition.

The strong correlations between antioxidant activity and bac-
terial inhibition indicate a statistical association between these
parameters; however, these findings do not establish a causal rela-
tionship or a shared mechanism of action. The highest correla-
tions were observed with A. johnsonii, A. tumefaciens, and
B. subtilis, indicating these strains are most sensitive to the
extract’s antioxidant-related mechanisms. These findings align
with the known phenomenon in which phenolic and flavonoid
compounds contribute to both antioxidant activity and antibacte-
rial effects. These mechanisms may involve the induction of
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TABLE 3 Antimicrobial efficacy of the methanolic V. nilotica fruit extract against a panel of gram-positive and gram-negative bacterial species, quantified as zones of growth inhibition diameter

(mm).

Extract Inhibition zone (mm)

Concentrations

(pg mL™) B. subtilis  E. carotovora E.coli  S.marcescens A.johnsonii A.tumefaciens
31.25 6.008 6.008 6.00° 6.008 6.00¢ 6.00°
62.5 9.33¢ 6.008 6.00° 7.67¢ 8.00° 8.00°
125 11.33¢ 6.008 6.00° 12.33¢ 12.674 14.00¢4
250 14.67¢ 11.00F 6.00° 15.33¢ 17.00¢ 16.33
500 18.33¢ 13.00° 9.67¢ 18.00¢ 20330 19.33°
1,000 20.330 16.00¢ 12334 21.00° 23.00° 21.33
Negative control 6.008 6.008 6.00f 6.008 6.00f 6.00f
Ampicillin (250 pg mL™") 34.67 34.000 33.002 41332 38.33 37.00°
MIC-estimate (pg mL™") 62.5 250 500 62.5 62.5 62.5

MIC-estimate: The minimum inhibitory concentration (MIC) estimated from an agar diffusion assay is the lowest concentration that causes > 50% inhibition. Different superscript letters

indicate significant differences (p < 0.05, ANOVA with LSD post-hoc test).

TABLE 4 Antifungal efficacy of the methanolic V. nilotica fruit extract against selected plant-pathogenic fungal species, quantified as the diameter (mm) of the mycelial growth suppression.

Extract concentrations (ug mL™?)

Mycelial growth (mm)

R. solani P. italicum F. oxysporum

31.25 6.30° 4.33d 4.97¢
62.5 5.404 4.10d 4.67¢
125 5.434 5.37¢ 4.50¢
250 4.87¢ 4.97¢ 4.304
500 4.37¢ 4.83¢ 4.274
1,000 4.13f 4334 3.87¢
Negative control 9.002 9.002 9.00*
Hymexazol (1,000 pg mL™") 1.832 2.87¢ 1.63f
MIC-estimate (pg mL™") 500 62.5 125
>50% inhibition

Different superscript letters indicate significant differences (p < 0.05, ANOVA with LSD post-hoc test.

oxidative stress within bacterial cells, disruption of cell mem-
branes, or interference with bacterial metabolism. Gram-negative
bacteria, such as E. coli and E. carotovora, exhibited relatively
moderate correlations, likely due to the protective outer mem-
brane, which reduced extract penetration, whereas gram-positive
bacteria were more susceptible. Overall, the results suggest that
antioxidant-related phytochemicals may contribute to antibacte-
rial activity. This suggests potential applications in natural pre-
servative development, plant protection, or the development of
therapeutic agents, where both antioxidant and antimicrobial
properties are desirable. Further studies are warranted to isolate
the specific antioxidant compounds responsible and determine
their precise mechanisms of action against different bacterial
strains. Although strong correlations were observed, these find-
ings do not demonstrate causation, and further studies are
required to elucidate the mechanisms linking antioxidant com-
pounds to antimicrobial activity.
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3.6 Correlation heatmap between fungal
inhibition and antioxidant activity

Pearson’s correlation coefficient was used to assess the associa-
tion between antioxidant radical-scavenging capacity and mycelial
growth suppression by R. solani, P. italicum, and F. oxysporum at
varying extract concentrations. The correlation heatmap
(Figure 4) revealed strong inverse relationships between antioxi-
dant activity and fungal growth. Antioxidant inhibition showed a
strong negative correlation with the mycelial growth of R. solani
(r=—0.93, p <0.001), indicating that increased antioxidant activ-
ity was closely associated with reduced fungal growth. Similarly,
E oxysporum showed a strong negative correlation with antioxi-
dant inhibition (r = — 0.96), suggesting that this pathogen is
highly sensitive to the bioactive components of the extract. In
contrast, P. italicum showed a moderate negative correlation with
antioxidant inhibition (r &% —0.58), indicating a comparatively
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Comparative anticancer efficacy of V. nilotica methanolic fruit extract and doxorubicin across MCF-7, PC-3, Caco-2, and normal Vero cell lines: (a)
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half-maximal inhibitory concentration (ICs, pg mL™) for both the extract and doxorubicin; and (d) therapeutic selectivity index (Sl) of the extract.
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lower susceptibility. Strong positive correlations were observed
among fungal growth parameters, reflecting similar growth trends
across increasing extract concentrations.

The Pearson correlation heatmap clearly demonstrates a
strong correlation between the antioxidant activity and antifungal
efficacy of the extract. The strong negative correlations observed
for R. solani (r = —0.93, p < 0.001) and F. oxysporum (r = —0.96)
indicate that as antioxidant inhibition increased, mycelial growth
decreased markedly. This association may reflect the contribution
of shared phytochemical constituents; however, further mechanis-
tic studies are required to confirm this relationship. The compara-
tively weaker correlation observed for P. italicum (r = —0.58)
suggests that species-specific resistance mechanisms may be in
place, including differences in cell wall composition or antioxi-
dant defense systems. Such variability in sensitivity among fungal
species has been widely reported in studies using plant extracts as
antifungal agents. Overall, the correlation analysis supports the
hypothesis that antioxidant capacity is closely linked to antifungal
activity, reinforcing the potential application of the extract as a
natural antifungal agent.
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4 Discussion

Preliminary phytochemical screening of V. nilotica fruit
extract revealed a rich composition of tannins, flavonoids, alka-
loids, glycosides, terpenoids, and saponins. This broad spectrum
of secondary metabolites underscores the plant’s diverse bioactive
potential, providing a biochemical rationale for its extensive eth-
nomedicinal use. Tannins and flavonoids are particularly notable
because they are strongly associated with antioxidant and antimi-
crobial activities (19). A recent study by Ojo et al. (40) identified
high concentrations of total phenolics and flavonoids in the aque-
ous extracts of V. nilotica seeds and pods. The presence of alka-
loids and glycosides further supports their potential analgesic,
cardioprotective, and neuroprotective properties (21, 41). In con-
trast, terpenoids and saponins contribute to their anti-inflamma-
tory and immunomodulatory effects (42). Together, these
compounds validate the therapeutic versatility of V. nilotica.

The methanolic fruit extract demonstrated potent antioxidant
activity in the DPPH assay, achieving 87.84% inhibition at
1000 pg mL™" and an ICs, of 31.77 pg mL™". Although less potent
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FIGURE 4
Correlation heatmap between fungal inhibition and antioxidant activity under different extract concentrations.

than ascorbic acid (ICs, = 2.88 pg mL™"), the extract exhibited a
comparable plateau at higher concentrations, indicating a robust
radical-scavenging capacity. The observed antioxidant effects can
be directly linked to the high total phenolic (419.45 mg GAE g™')
and flavonoid (245.48 mg QE g™') contents measured in the
extract, as phenolic compounds are known to neutralize free radi-
cals and mitigate oxidative stress (21, 43). Comparable ICs, values
have been reported for other Acacia species, such as A. confusa
and A. seyal, confirming that this genus is a reliable source of
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polyphenolic antioxidants (44, 45). These results emphasize the
potential role of V. nilotica as a natural antioxidant, supporting its
traditional use in managing oxidative stress-related disorders.

In addition to its antioxidant effects, which protect against
oxidative stress, the extract demonstrated antimicrobial potential
against a broad spectrum of bacterial and fungal species. Gram-
positive strains were generally more sensitive, consistent with the
structural differences in cell walls that make gram-negative spe-
cies more resistant to phytochemicals than gram-positive species.
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Notably, the extract suppressed fungal pathogens, including
R. solani and F. oxysporum, corroborating previous reports of
V. nilotica’s antifungal activity (13). This antimicrobial activity can
be attributed to the synergistic effects of tannins, flavonoids, and
alkaloids present in the extract. Tannins exert antimicrobial
effects by disrupting microbial membranes and inactivating
enzymes; flavonoids interfere with cell wall synthesis and nucleic
acid function; and alkaloids disrupt microbial metabolism (46,
47). Together, these compounds may explain the broad inhibitory
spectrum observed and highlight the potential of V. nilotica as a
source of natural antimicrobial agents, particularly against MDR
strains. The minimum bactericidal concentration (MBC) was not
determined because of experimental constraints; therefore, we
recommend that future studies include broth microdilution assays
and MBC determination to
characterization.

strengthen antimicrobial

In addition to protecting against microbial pathogens, the metha-
nolic extract of V. nilotica exhibited concentration-dependent cyto-
toxicity against MCF-7, PC-3, and Caco-2 cancer cell lines, while
maintaining comparatively higher viability in normal Vero cells.
Among the tested cell lines, MCF-7 cells were susceptible to both
treatments, whereas PC-3 cells showed relative resistance to the plant
extract, consistent with the chemoresistance of prostate cancer cells.
Caco-2 cells exhibited intermediate responses. The moderate selectiv-
ity of V. nilotica suggests preferential cytotoxicity toward cancer cells
rather than a definitive therapeutic advantage over DXR. This effect
is likely mediated by its phytochemical constituents, particularly
polyphenols such as tannins and flavonoids, which are known to
interfere with tumor growth pathways (19). Specific compounds,
such as epigallocatechin-3-O-gallate (EGCG), previously identified
in V. nilotica, have demonstrated selective anticancer activity by
inducing apoptosis in malignant cells while sparing normal cells.
However, definitive compound identification was not performed, as
advanced chromatographic and spectroscopic techniques (e.g.,
HPLC-MS/MS, GC-MS, or NMR) are beyond the scope of this study
and will be addressed in future work.

Thus, although less potent than DXR, the extract’s selectivity
and multi-targeted phytochemical composition make it a promis-
ing candidate for complementary or adjuvant cancer therapy (48,
49). Nevertheless, clinical validation is required to confirm its
therapeutic advantage over existing agents. Future studies should
include mechanistic assays, such as apoptosis detection, ROS
quantification, and gene expression profiling, to delineate antican-
cer pathways.

In summary, these results confirm that V. nilotica fruit extract
is a rich source of bioactive compounds with potent antioxidant,
antimicrobial, and cytotoxic properties. The phytochemical diver-
sity of this plant underlies its broad pharmacological potential,
validating its long-standing use in traditional medicine. Broad-
spectrum antimicrobial activity was demonstrated, encompassing
efficacy against both gram-positive and gram-negative bacteria
and fungal pathogens. In vitro cytotoxicity assays revealed con-
centration-dependent anticancer effects that preferentially tar-
geted malignant cells while minimizing toxicity to normal cell
populations. Although the extract was less potent than standard
drugs, such as ascorbic acid and doxorubicin, its moderate selec-
tivity makes it a potential candidate for further pharmacological
investigation.

Frontiers in Nutrition

10.3389/fnut.2026.1799072

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the studies on humans in
accordance with the local legislation and institutional require-
ments because only commercially available established cell lines
were used.

Author contributions

EA-H: Writing - review & editing, Formal analysis, Writing —
original draft, Methodology, Investigation, Conceptualization. OI:
Writing - original draft, Data curation, Methodology, Formal analy-
sis, Validation, Conceptualization, Writing - review & editing. HA:
Funding acquisition, Writing — review & editing, Visualization,
Validation, Data curation. HB: Data curation, Visualization,
Investigation, Writing - review & editing.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Acknowledgments

The Researchers would like to thank the Deanship of Graduate
Studies and Scientific Research at Qassim University for financial sup-
port (QU-APC-2026).

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,

frontiersin.org


https://doi.org/10.3389/fnut.2026.1799072
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Abdul-Hafeez et al.

including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product

References

1. Hotwani K, Baliga S, Sharma K. Phytodentistry: use of medicinal plants. ] Complement
Integr Med. (2014) 11:233-51. doi: 10.1515/jcim-2013-0015

2. Hago S, Lu T, Abdelgadir AA, Yassin S, Ahmed EM, Xu H. Phytochemical constituents
and in-vitro anticancer activity of some medicinal plant extracts against MCF-7 and
MDA-MB-435 human breast cancer cell lines. Trop ] Nat Prod Res. (2023) 7

3. Ibrahim OH, Abdul-Hafeez EY. The acetone extract of Albizia lebbeck stem bark and
its in vitro cytotoxic and antimicrobial activities. Horticulturae. (2023) 9:385. doi: 10.3390/
horticulturae9030385

4. Ibrahim OH, Abo-Elyousr KA, Asiry KA, Alhakamy NA, Mousa MA. Phytochemical
characterization, antimicrobial activity and in vitro antiproliferative potential of
Alchemilla vulgaris Auct root extract against prostate (PC-3), breast (MCF-7) and colorec-
tal adenocarcinoma (Caco-2) cancer cell lines. Plants. (2022) 11:2140. doi: 10.3390/
plants11162140

5. Ibrahim OHM, Mousa MAA, Asiry KA, Alhakamy NA, Abo-Elyousr KAM.
Azadirachta indica A. Juss fruit mesocarp and epicarp extracts induce antimicrobial and
antiproliferative effects against prostate (PC-3), breast (MCF-7), and colorectal adenocar-
cinoma (Caco-2) cancer cell lines through upregulation of pro-apoptotic genes. Plants.
(2022) 11:1990. doi: 10.3390/plants11151990

6. Hassan RA, Hamdy RS. Synoptic overview of exotic Acacia, Senegalia, and Vachellia
(Caesalpinioideae, mimosoid clade, Fabaceae) in Egypt. Plants. (2021) 10:1344. doi:
10.3390/plants10071344

7. Abbasian K, Ziarati P, Asgarpanah J. Seed oil composition of Acacia nilotica (L.) Delile
from Iran. Herba Pol. (2016) 62. doi: 10.1515/hepo-2016-0002

8. Abduljawad EA. Review of some evidenced medicinal activities of Acacia nilotica. Arch
Pharm Pract. (2020) 11:20-5.

9. Bertram JS, Kolonel LN, Meyskens JFL. Rationale and strategies for chemoprevention
of cancer in humans. Cancer Res. (1987) 47:3012-31.

10. Boone CW, Kelloftf GJ, Malone WE. Identification of candidate cancer chemopreven-
tive agents and their evaluation in animal models and human clinical trials: a review.
Cancer Res. (1990) 50:2-9.

11. Arora S, Kaur K, Kaur S. Indian medicinal plants as a reservoir of protective phyto-
chemicals. Teratog Carcinog Mutagen. (2003) 23:295-300. doi: 10.1002/tcm.10055

12. Muddathir AM, Mohieldin EAM, Mitsunaga T. In vitro activities of Acacia nilotica
(L.) Delile bark fractions against oral bacteria, glucosyltransferase, and as antioxidants.
BMC Complement Med Ther. (2020) 20:360. doi: 10.1186/s12906-020-03147-4

13. Sadiq MB, Tarning J, Aye Cho TZ, Anal AK. Antibacterial activities and possible
modes of action of Acacia nilotica (L.) Del. Against multidrug-resistant Escherichia coli
and Salmonella. Molecules. (2017) 22:47. doi: 10.3390/molecules22010047

14. Foyzun T, Mahmud AA, Ahammed MS, Manik MIN, Hasan MK, Islam KM, et al.
Polyphenolics with strong antioxidant activity from Acacia nilotica ameliorate some bio-
chemical signs of arsenic-induced neurotoxicity and oxidative stress in mice. Molecules.
(2022) 27:1037. doi: 10.3390/molecules27031037

15. Sadiq MB, Tharaphan P, Chotivanich K, Anal AK. In vitro antioxidant and antima-
larial activities of leaves, pods and bark extracts of Acacia nilotica (L.) Del. BMC
Complement Altern Med. (2017) 17:372. doi: 10.1186/s12906-017-1878-x

16. Rao TN, Riyazuddin, Babji P, Ahmad N, Khan RA, Hassan I, et al. Green synthesis
and structural classification of Acacia nilotica mediated-silver doped titanium oxide (ag/
Ti02) spherical nanoparticles: assessment of its antimicrobial and anticancer activity.
Saudi ] Biol Sci. (2019) 26:1385-91. doi: 10.1016/j.5jbs.2019.09.005

17. Al-Rajhi AM, Qanash H, Bazaid AS, Binsaleh NK, Abdelghany TM. Pharmacological
evaluation of Acacia nilotica flower extract against helicobacter pylori and human hepa-
tocellular carcinoma in vitro and in silico. J Funct Biomater. (2023) 14:237. doi: 10.3390/
jfb14040237

18. Ali NM, Tahir HM, Khan MK, Khan KU, Mazhar B, Chaudhry M, et al. Synthesis of
Cinnamum zeylanicum and Acacia nilotica extracts and their antibacterial activity against
Staphylococcus aureus and Streptococcus pyogenes. J Oleo Sci. (2022) 71:845-52. doi:
10.5650/j0s.ess22030

Frontiers in Nutrition

10.3389/fnut.2026.1799072

that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2026.1799072/
full#supplementary-material

19. Dikti Vildina J, Kalmobe J, Djafsia B, Schmidt TJ, Liebau E, Ndjonka D. Anti-
Onchocerca and anti-Caenorhabditis activity of a hydro-alcoholic extract from the fruits
of Acacia nilotica and some proanthocyanidin derivatives. Molecules. (2017) 22:748. doi:
10.3390/molecules22050748

20. Auwal MS, Saka S, Mairiga IA, Sanda KA, Shuaibu A, Ibrahim A. Preliminary phy-
tochemical and elemental analysis of aqueous and fractionated pod extracts of Acacia
nilotica (thorn mimosa). Vet Res Forum: Int Q J. (2014) 5:95-100.

21. Ali A, Akhtar N, Khan BA, Khan MS, Rasul A, Zaman S, et al. Acacia nilotica: a plant
of multipurpose medicinal uses. ] Med Plants Res. (2012) 6:1492-6. doi: 10.5897/
JMPR11.1275

22. Becerra SC, Roy DC, Sanchez CJ, Christy RJ, Burmeister DM. An optimized staining
technique for the detection of gram-positive and gram-negative bacteria within tissues.
BMC Res Notes. (2016) 9:216. doi: 10.1186/s13104-016-1902-0

23. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al.
Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an interna-
tional expert proposal for interim standard definitions for acquired resistance. Clin Microbiol
Infect. (2012) 18:268-81. doi: 10.1111/j.1469-0691.2011.03570.x

24. Davies J. Origins and evolution of antibiotic resistance. Microbiologia (Madrid, Spain).
(1996) 12:9-16.

25. Farnsworth NR, Akerele O, Bingel AS, Soejarto DD, Guo Z. Medicinal plants in
therapy. Bull World Health Organ. (1985) 63:965.

26. Harborne A. Phytochemical Methods a guide to modern Techniques of plant Analysis.
Berlin: Springer Science & Business Media (1998).

27. Sofowora A. Research on medicinal plants and traditional medicine in Africa. J Altern
Complement Med. (1996) 2:365-72. doi: 10.1089/acm.1996.2.365

28. Evans WC. Trease and Evans' Pharmacognosy. Amsterdam: Elsevier Health
Sciences (2009).

29. Chang C-C, Yang M-H, Wen H-M, Chern J-C. Estimation of total flavonoid content
in propolis by two complementary colorimetric methods. J Food Drug Anal. (2002) 10

30. Ainsworth EA, Gillespie KM. Estimation of total phenolic content and other oxida-
tion substrates in plant tissues using Folin-Ciocalteu reagent. Nat Protoc. (2007) 2:875-7.
doi: 10.1038/nprot.2007.102

31. Abdul-Hafeez E, Mahmoud A, Ibrahim OHM. Antibacterial activities and phyto-
chemical screening of Alhagi pseudalhagi. Assiut ] Agric Sci. (2015) 46:33-47. doi:
10.21608/ajas.2016.530

32. Buchanan R, Gibbon N. Bergey's Manual of Determinative Systematic Bacteriology.
Baltimore: The William and Wilkins Co. (2001).

33. Skinner FA, Lovelock DW. Identification Methods for Microbiologists. New York:
CABI (1979).

34. Sneath PH. "Endospore-forming gram-positive rods and cocci". In: Bergey's Manual
of Systematic Bacteriolgy, vol. 2. Wallingford: CABI (1986). p. 1104-207.

35. El-Zahry MR, Mahmoud A, Refaat IH, Mohamed HA, Bohlmann H, Lendl B.
Antibacterial effect of various shapes of silver nanoparticles monitored by SERS. Talanta.
(2015) 138:183-9. doi: 10.1016/j.talanta.2015.02.022

36. Irobi ON, Moo-Young M, Anderson WA, Daramola SO. Antimicrobial activity of
bark extracts of Bridelia ferruginea (Euphorbiaceae). ] Ethnopharmacol. (1994) 43:185-90.
doi: 10.1016/0378-8741(94)90041-8

37. Kumar V. Laboratory Manual of Microbiology. New York: Scientific Publishers (2012).

38. Abdul-Hafeez EY, Nguyen Thi Nga NTN, Karamova NS, Ilinskaya ON. Antibacterial
activity of certain medicinal plants on different bacterial strains associated with colorec-
tral cancer (2014) 5:219-29. doi: 10.12692/ijb/5.7.219-229

39. Steel R.. Analysis of variance II: multiway classifications (1997). 204-252.

40. Ojo OA, Oyetayo FL, Oladipo AS, Oluwatosin VO. Polyphenolic contents, free radical
scavenging properties, and enzyme inhibitory activities of Acacia nilotica (L.) delile seed
and pod extracts. Vegetos. (2024) 37:296-304. doi: 10.1007/s42535-023-00599-0

frontiersin.org


https://doi.org/10.3389/fnut.2026.1799072
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2026.1799072/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2026.1799072/full#supplementary-material
https://doi.org/10.1515/jcim-2013-0015
https://doi.org/10.3390/horticulturae9030385
https://doi.org/10.3390/horticulturae9030385
https://doi.org/10.3390/plants11162140
https://doi.org/10.3390/plants11162140
https://doi.org/10.3390/plants11151990
https://doi.org/10.3390/plants10071344
https://doi.org/10.1515/hepo-2016-0002
https://doi.org/10.1002/tcm.10055
https://doi.org/10.1186/s12906-020-03147-4
https://doi.org/10.3390/molecules22010047
https://doi.org/10.3390/molecules27031037
https://doi.org/10.1186/s12906-017-1878-x
https://doi.org/10.1016/j.sjbs.2019.09.005
https://doi.org/10.3390/jfb14040237
https://doi.org/10.3390/jfb14040237
https://doi.org/10.5650/jos.ess22030
https://doi.org/10.3390/molecules22050748
https://doi.org/10.5897/JMPR11.1275
https://doi.org/10.5897/JMPR11.1275
https://doi.org/10.1186/s13104-016-1902-0
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1089/acm.1996.2.365
https://doi.org/10.1038/nprot.2007.102
https://doi.org/10.21608/ajas.2016.530
https://doi.org/10.1016/j.talanta.2015.02.022
https://doi.org/10.1016/0378-8741(94)90041-8
https://doi.org/10.12692/ijb/5.7.219-229
https://doi.org/10.1007/s42535-023-00599-0

Abdul-Hafeez et al.

41. Batiha GE, Akhtar N, Alsayegh AA, Abusudah WE, Almohmadi NH, Shaheen HM,
et al. Bioactive compounds, pharmacological actions, and pharmacokinetics of genus
Acacia. Molecules. (2022) 27:7340. doi: 10.3390/molecules27217340

42. da Silva Magens YV, Phillips MA, Fett-Neto AG. Production of plant bioactive triter-
penoid saponins: from metabolites to genes and back. Phytochem Rev. (2021) 20:461-82.
doi: 10.1007/s11101-020-09722-4

43. Yadav A, Yadav M, Kumar S, Sharma D, Yadav J. In vitro antioxidant activities and
GC-MS analysis of different solvent extracts of Acacia nilotica leaves. Indian ] Pharm Sci.
(2018) 80:892-902. doi: 10.4172/pharmaceutical-sciences.1000436

44. Wu J-H, Huang C-Y, Tung Y-T, Chang S-T. Online RP-HPLC-DPPH screening
method for the detection of radical-scavenging phytochemicals from the flowers of Acacia
confusa. ] Agric Food Chem. (2008) 56:328-32. doi: 10.1021/jf072314c

45. Elmi A, Spina R, Risler A, Philippot S, Mérito A, Duval RE, et al. Evaluation of
antioxidant and antibacterial activities, cytotoxicity of Acacia seyal Del bark

Frontiers in Nutrition

11

10.3389/fnut.2026.1799072

extracts and isolated compounds. Molecules. (2020) 25:2392. doi: 10.3390/
molecules25102392

46. Banso A. Phytochemical and antibacterial investigation of bark extracts of Acacia
nilotica. ] Med Plants Res. (2009) 3:082-5.

47. Elamary RB, Albarakaty FM, Salem WM. Efficacy of Acacia nilotica aqueous extract
in treating biofilm-forming and multidrug resistant uropathogens isolated from patients
with UTI syndrome. Sci Rep. (2020) 10:11125. doi: 10.1038/s41598-020-67732-w

48. Ramos-Silva A, Tavares-Carreén F, Figueroa M, la De Torre-Zava S, Gastelum-Arellanez
A, Rodriguez-Garcia A, et al. Anticancer potential of Thevetia peruviana fruit methanolic
extract. BMC Complement Altern Med. (2017) 17:241. doi: 10.1186/s12906-017-1727-y

49. Kumar S, Singh R, Dutta D, Chandel S, Bhattacharya A, Ravichandiran V, et al. In
vitro anticancer activity of the methanolic extract of Justicia adhatoda leaves with special
emphasis on human breast cancer cell lines. Molecules. (2022) 27:8222. doi: 10.3390/
molecules27238222

frontiersin.org


https://doi.org/10.3389/fnut.2026.1799072
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/molecules27217340
https://doi.org/10.1007/s11101-020-09722-4
https://doi.org/10.4172/pharmaceutical-sciences.1000436
https://doi.org/10.1021/jf072314c
https://doi.org/10.3390/molecules25102392
https://doi.org/10.3390/molecules25102392
https://doi.org/10.1038/s41598-020-67732-w
https://doi.org/10.1186/s12906-017-1727-y
https://doi.org/10.3390/molecules27238222
https://doi.org/10.3390/molecules27238222

	Selective anticancer activity of Vachellia nilotica fruit extract: integrated phytochemistry with antioxidant, antimicrobial, and cancer cell targeting
	1 Introduction
	2 Materials and methods
	2.1 Sample collection and condensation process
	2.2 Preliminary phytochemical screening
	2.2.1 Phenolic compounds and tannins (ferric chloride test)
	2.2.2 Alkaloids (Mayer’s test)
	2.2.3 Glycosides (Borntrager’s test)
	2.2.4 Flavonoids (aluminum chloride test)
	2.2.5 Terpenoid test (Salkowski test)
	2.2.6 Saponins (frothing test)
	2.3 In vitro antioxidant activity (DPPH˙ radical scavenging assay)
	2.4 Total phenolic content determination
	2.5 Total flavonoid content determination
	2.6 Antibacterial activity
	2.6.1 Bacterial strains
	2.6.2 Antibacterial activity test
	2.7 Antifungal activity
	2.8 Anticancer activity
	2.8.1 Cell cultures
	2.8.2 MTT assay
	2.9 Statistical analysis

	3 Results
	3.1 Phytochemical screening
	3.2 In vitro antioxidant activity (DPPH˙ radical scavenging activity)
	3.3 Antimicrobial activity
	3.4 In vitro cytotoxic activity
	3.5 Correlation heatmap between bacterial inhibition and antioxidant activity
	3.6 Correlation heatmap between fungal inhibition and antioxidant activity

	4 Discussion

	Acknowledgments
	References

