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ABSTRACT

Campylobacter species and Escherichia coli are leading causes of bacte-
rial diarrhea in humans and livestock globally, often transmitted through
food and water with poultry, pigs, and cattle, as reservoirs, are increasing-
ly resistant to antibiotics, necessitating alternative therapeutic strategies.
Building on previous reports of the antibacterial, cytotoxic, phytochemi-
cal, and antioxidant properties of Ficus exasperata leaf extracts as phyto-
genic feed additives for chickens, this study expands the scope by evaluat-
ing additional clinical E. coli isolates with their selectivity index, genotox-
icity assays and profiling the methanol extract using standard bioassays
and GC-MS. The methanol extract demonstrated broad and best efficacy
across all tested bacteria, though the aqueous had the highest total anti-
bacterial activity (2 308 mL/g). The reference strains (ATCC) were more
resistant than clinical isolates. The methanol extract showed the lowest
cytotoxicity (LC,;: 0.99 mg/mL on Vero cells and 2.69 mg/mL on Caco-2
cells) and the highest selectivity indices (Vero: 6.33; Caco-2: 14.17). It was
non-mutagenic to Salmonella typhimurium TA98 compared to acetone ex-
tract. The GC-MS analysis of methanol extract revealed 9-Octadecen-1-ol
(24.52%) as the most abundant compound. The methanol extract showed
promising potential for further in vivo testing as phytogenic feed addi-
tives and alternatives for managing campylobacteriosis and colibacillosis

in chickens.
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methanol extract; selectivity index
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INTRODUCTION

Poultry comprises the greatest reservoir of Campy-
lobacter species, particularly Campylobacter jejuni and
Campylobacter coli, which are the most common causes
of bacterial diarrhoea in humans worldwide [1]. Similarly,
the disease is zoonotic, and domestic animals such as poul-
try, pigs, and cattle may act as reservoirs. One of the criti-
cal public health problems in recent years is antimicrobial
resistance in food-borne pathogens [2, 3]. Reports have
shown the resistance of poultry and human Campylobacter
isolates to the antibiotic ciprofloxacin due to veterinary ap-
plication of enrofloxacin and other quinolones [3, 4]. Ac-
cording to the 2017 report of the European Food Safety
Authority (EFSA) and the European Centre for Disease
Prevention and Control (ECDC), the most common causes
of food-borne zoonotic diseases were Campylobacter and
Salmonella bacteria [5]. In Canada, the annual incidence
of food poisonings ranges between 3.1 and 5 million. In
Australia, the incidence is 5.4 million [6, 7].

Avian pathogenic Escherichia coli (APEC) infection
is zoonotic and also pathogenic to chickens. It has been re-
sponsible for great economic losses to the poultry industry
worldwide [8]. The pathological presentations vary from lo-
calized, such as salpingitis or omphalitis, to systemic infec-
tions. Antimicrobial drugs can be used to reduce mortality
in birds diagnosed with a localized or generalized bacterial
infection. However, selection of antimicrobial drugs must be
based on the susceptibility of isolated bacteria, as E. coli may
be resistant to commonly used antibacterial drugs such as tet-
racycline, sulfonamides, ampicillin, and streptomycin [9, 10].
In humans, the enteropathogenic strains of E. coli (EPEC)
cause diarrhoeal illness, especially in young infants, present-
ing symptoms such as watery diarrhoea with low-grade fever
and vomiting and more severe cases resulting in death [11].

The ban on the use of antibiotics as growth promoters
in livestock by the European Union occurred as a result
of the emergence of antibiotic resistance in bacteria col-
onizing humans [12, 13], due to the development of re-
sistant strains against conventional antibiotics. Therefore,
feed companies and researchers are in search of alternative
products and strategies that can help to maintain animal
gut health in order to prevent or reduce the prevalence of
pathogens in the food chain [14].

Ficus exasperata has been reported as a potential

source of antimicrobial compounds. Major ethnomedicinal

usage has been reported throughout Africa, with Nigeria,
Cameroon, Ivory Coast, and Sierra Leone being the folk-
loric hubs. Crude extracts have been reported to exhibit
a wide spectrum of in vitro and in vivo pharmacological
activities like antidiabetic, anticonvulsant, anti-inflamma-
tory, antimicrobial, hypolipidemic, antioxidant, antiulcer,
anxiolytic, and hypotensive [15, 16].

The consumption of anticarcinogens and antimutagens
in the diet may be the most effective way of preventing hu-
man cancer [17]. Therefore, incorporating non-genotoxic,
antimutagenic plants like Ficus leaf-based feed additives
may contribute not only to poultry health and productivity
but also to improved food safety, public health, and protec-
tion against diet-related carcinogenesis in humans.

Previous studies by Olawuwo et al. [18, 19] demon-
strated the antibacterial and cytotoxic effects of F. ex-
asperata leaf extracts against reference strains of E.
coli and Campylobacter species and reported phytochem-
ical and antioxidant activities of the acetone and aqueous
extracts. The present study extends this work by including
additional clinical isolates of E. coli with their selectivity
index, genotoxicity assays and chemical profiling of the
methanol extract investigating the antibacterial potential
and safety of F. exasperata in the treatment of colibacillo-

sis and campylobacteriosis in chickens.

MATERIALS AND METHODS

Plant collection

Fresh leaves of F exasperata were collected from
Ibadan Metropolis in the Lagelu Local Government Area
of Oyo State, the southwestern part of Nigeria. The plant
was identified by Mr Esimekhinai, D. P. O with a voucher
specimen (UIH - 22626) and was deposited after identifi-
cation in the herbarium of the Department of Botany, Uni-

versity of Ibadan.

Plant preparation and extraction

The fresh leaves were rinsed, air dried, and ground
into powder. Three grams of the powdered material were
weighed into centrifuge tubes, and 30 ml of acetone, meth-
anol, and distilled water were added to separate aliquots
and allowed to macerate for 24 h. The mixtures were
centrifuged at 300xg for 10 min, and filtration was car-

ried out using Whatman No. 1 filter paper. The resultant
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extracts were transferred into pre-weighed, labelled glass
vials. Resultant extracts were placed under a stream of air
to dry completely and stored in a dark room at 4 °C while
preparing for the experiment. The resultant extracts were
reconstituted in their respective solvents to give the de-

sired concentrations used in the study.

Microbial strains

Of the 11 pathogens used in this study, three were ref-
erence strains, American Type Culture Collection (ATCC),
while eight were clinical isolates. The reference strains
used were Escherichia coli (ATCC 25922), Campylobac-
ter coli (ATCC 43478), and Campylobacter jejuni (ATCC
33560). Clinical isolates were (A) Escherichia coli (B
3427/16), (B) Escherichia coli (B 3584/16), (C) Escher-
ichia coli (B 3412/16), (D) Escherichia coli (B 364/16),
(E) Escherichia coli (B 3584/16), (F) Escherichia coli (B
3375/16), (G) Escherichia coli (B 3282/16), and (H) Es-
cherichia coli (B 3397/16) from chickens. All were ob-
tained from the Department of Veterinary Tropical Diseas-
es (DVTD), Faculty of Veterinary Science, University of

Pretoria.

Antibacterial assay

The antibacterial activity of acetone, methanol, and
aqueous leaf extracts of Ficus exasperata against reference
Campylobacter strains and clinical E. coli isolates from
poultry was evaluated in vitro using a serial microdilution
assay [20]. Clinical isolates were cultured in Mueller Hin-
ton (MH) broth for E. coli and Brain Heart Infusion (BHI)
broth for Campylobacter, incubated at 37 °C for 18-24 h,
and adjusted to 3 x 10® cfu/ml (McFarland No. 1) by ab-
sorbance measurement at 560 nm. Plant extracts (10 mg/
ml) were prepared and serially diluted in 96-well plates and
inoculated with standardized bacterial suspensions; gen-
tamicin (2 mg/ml) and acetone served as positive and neg-
ative controls, respectively. Plates containing E. coli were
incubated at 37 °C for 24 h in a regular incubator, while
those with Campylobacter were incubated anaerobically.
Following incubation, 40 pl of p-iodonitrotetrazolium
(INT, 0.2 mg/ml) was added to detect bacterial growth,
and the minimum inhibitory concentration (MIC) was re-
corded as the lowest concentration with clear inhibition.
The assay was conducted in triplicate and repeated twice

for reliability.
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Toxicological assays

In vitro cytotoxicity assay

The cytotoxicity of the plant extracts was evaluated
against Vero monkey kidney and human intestinal (Caco-
2) cell lines using the MTT assay as described by Moss-
man [21] and modified by McGaw et al. [22]. Cells grown
in Minimal Essential Medium (MEM) supplemented with
gentamicin and foetal calf serum were harvested, adjusted
to 5 x 10* cells/ml, and seeded into 96-well plates, with
columns 1 and 12 containing only MEM to minimize edge
effects. After 24 h incubation at 37°C with 5% COx, cells
were treated in quadruplicate with varying concentrations
of plant extracts (prepared from 100 mg/ml stock) for 48 h,
while doxorubicin served as a positive control and untreat-
ed cells as a negative control. Following treatment, cells
were washed with PBS, supplied with fresh MEM, and
incubated with MTT solution (5 mg/ml) for 4 h to allow
formazan crystal formation, which was then solubilized in
dimethyl sulfoxide (DMSO). Absorbance was measured at
570 nm using a microplate reader, with blank wells (no
cells) for correction. Cytotoxicity was expressed as the
lethal concentration (LCso), defined as the extract concen-
tration causing a 50% reduction in absorbance relative to

untreated controls.

In vitro genotoxicity assay

The plate incorporation assay, also known as the Ames
test [23], was used to determine the genotoxicity of the
selected plant extracts against Salmonella typhimurium
strains TA98 and TA100. Acetone and methanol extracts
were prepared at concentrations of 5, 0.5, and 0.05 mg/ml
in DMSO under sterile conditions. The samples were test-
ed against S. typhimurium strains TA98 and TA100 with-
out an exogenous metabolic activation system. Briefly, 100
pl of each extract was added to the test tube, followed by
500 pl of phosphate buffer and 100 pl of a fresh overnight
culture (prepared by inoculating 100 pl stock bacteria in
10 ml of Oxoid nutrient broth); then 2 ml of top agar with
biotin/histidine was added. The mixture was centrifuged
and poured into minimal agar plates. A positive control,
4-nitroquinoline-N-oxide (4-NQO) at a concentration of 2
pg/ml, negative controls of 10% DMSO and sterile dis-
tilled water were also prepared. The plates were incubated
for 48 h at 37°C and a colony counter was used to count

the colonies.



Gas chromatography-mass spectrometry (GC-MS) of
methanol plant extract

Analysis of chemical constituents of methanol plant
extract of F. exasperata with the best biological activities
and industrial relevance was carried out in a LECO Pe-
gasus 4D GC-TOFMS (LECO Africa (Pty) Ltd., Kempton
Park, South Africa on a gas chromatography (GC) capil-
lary column of dimension Rxi-1MS 30 m x 0.25 mm ID
x 0.25 um film thickness (Restek, Bellefonte, PA, USA).
Gas chromatography (GC) UHP Helium (Afrox, South Af-
rica) was used as a carrier gas at a flow rate of 1 ml/min.
A 1 pL methanol solution of the sample was injected in a
split mode at 10:1 with injector temperature at 250°C. The
GC oven temperature was programmed at 40°C (held for 3
min), at 8°C/min to 300°C (hold for 5 min). The constant
flow mode mass acquisition from 40-450 Da was main-
tained. The MS transfer line temperature was 280°C. The
ion source temperature was maintained at 230°C. Com-
pound spectra were detected by electron ionization sys-
tem (70 eV), MS solvent delay 5 min and electron energy
70 eV in the electron ionisation mode (EI+). The relative
quantity of the compounds present in the extract was ex-
pressed as a percentage based on the peak area produced
in the chromatogram. The tentative identification was done

by comparison of retention times with standard samples

and by matching their mass spectra at a rate of 10 spectra/s
and a detector voltage of 1750 V against mass spectra of
the National Institute of Standards and Technology (NIST)
14 Library.

Statistical analysis

Some of the data obtained from experiments were ex-
pressed as mean + standard deviation (SD) and were sub-
jected to descriptive statistics using the Student’s t- test
to compare two sample means. A one-way ANOVA for
the test of significance between groups that were more
than two and Tukey’s post-hoc test were used to compare
means of all samples using GraphPad Prism, version 5.01,
April 2016, statistical software Chicago, IL, USA, where
applicable.

RESULTS

Antibacterial activity (MIC) and total antibacterial
activity (TAA)

The antibacterial activity of F. exasperata is presented
in Table 1. The acetone and methanol extracts of Ficus ex-
asperata were moderately active, with the lowest average

MIC values for all tested organisms of 0.24 and 0.56 mg/

Table 1. Minimum inhibitory concentration (MIC) of acetone, methanol, and aqueous extracts of F. exasperata against Campylobacter
strains and eight selected Escherichia coli isolates

MIC (mg/ml)
Extracts E. coli E. coli E. coli E. coli E. coli E. coli E. coli E. coli E. coli C.c. C.j. Average
R (A) (B) (© (D) (E) (F) () (H) mic
Acetone 0.78 0.07 0.07 0.15* 0.11* 0.22% 0.18 0.22* 0.46* 0.05 0.30* 0.24*
Methanol 0.78 0.15* 0.07 0.07 0.07 0.62* 0.30* 0.15* 0.15* 2.50 1.25 0.56*
Aqueous 1.87 0.15* 0.03 0.34* 0.03 0.30* 0.62* 0.03 0.03 2.50 1.87 0.71
Gentamicin >0.01 0.001 0.0006 0.001 0.0006 0.0003 0.0002 0.0002 0.0006 0.62 0.001 0.06

MIC < 0.1 mg/ml - Significantly active (Bold), 0.1 < MIC< 0.625 mg/ml — Moderately active®, MIC > 0.625 mg/ml, Gentamicin (2 mg/ml) — positive

control, A—H —isolates, R — ATCC. C. ¢. - C. coli, C. j. — C. jejuni.

Table 2. The total antibacterial activity (TAA) in ml/g of acetone, methanol, and aqueous extracts of Ficus exasperata against typed Cam-
pylobacter strains and 8 selected Escherichia coli isolates

Total Activity

Extracts Yield E.coli E.coli E.coli E.coli E.coli E.coli E.coli E.coli E. coli Cc C.j. Average
(%) (R) (A) (B) (C) (D) (E) (F) (G) (H)

Acetone 3.33 42 476 476 222 303 151 185 151 72 666 111 259

Methanol 9.33 119 622 1333 1333 1333 150 311 622 622 37 74 596

Aqueous 17.00 90 1133 5666 500 5666 566 274 5666 5666 68 90 2308

A—H —isolates, R— ATCC. C. c. — C. coli, C. j. — C. jejuni.
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ml, respectively. The findings indicated that the methanol
extract had the best antibacterial activity against all the
tested bacteria.

The total antibacterial activity (TAA) is a function of
the extraction yield in mg per 1 gram of plant material and
the minimal inhibitory concentration (MIC), expressed in
milliliter per gram (ml/g). The results for the TAA values
of the extracts against E. coli isolates and Campylobac-
ter species are presented in Table 2. The aqueous extract
showed average TAA values of 2,308 ml/g, followed by
the methanol extract with average TAA values of 596 ml/g,
while acetone extracts had the lowest % yield with the

lowest average TAA values of 259 ml/g.

Cytotoxicity and selectivity index (SI)

The LC, values of the acetone, methanol, and aque-
ous extracts against Vero kidney cells were 0.09 £ 0.05,
0.99 +£0.23, and 0.27 = 0.21 mg/ml, respectively, while the
LC,, values of the acetone, methanol, and aqueous extracts
against Caco-2 cells were 1.82 + 0.56, 2.69 + 0.44, and
0.05 + 0.00 mg/ml, respectively (Figure 1). The methanol
extract had the highest LC, (lowest toxicity) value against
both Vero and Caco-2 cells (Figure 1).

The SI values for the acetone, methanol, and aqueous
extracts against Vero and Caco-2 cells ranged from 0.10 to
14.14 and 0.02 to 38.42, respectively, with the methanol ex-
tract having the highest value. Selectivity index (SI) values
for antimicrobial activity were calculated using the formula
SI=LC,/MIC, with units for LC, and MIC in mg/ml.

Genotoxicity
The methanol extract was non—mutagenic against
TA98 at all concentrations but toxic to TA100 at 5 mg/

A - Acetone
M - Methanol
AQ - Aqueous

LC5q (mg/ml)

Lo N <
Vero

Fig. 1. Cytotoxicity (LC, ) of extracts against Vero kidney cells
and Caco-2 cells
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ml, except for the acetone extract that showed clear mu-
tagenicity with numbers of revertant colonies greater than
twice that of the negative controls for the 5 mg/ml (the
highest concentration tested) and also increased with in-
creasing concentrations of extracts. The methanol extract
was not toxic to S. fyphimurium TA98 and TA100 though it
showed a dose-dependent response against S. typhimurium
TA100 (Table 4).

Gas chromatography-mass spectrometry (GC-MS) of
methanol plant extract

The gas chromatographic-mass spectrometric analy-
sis of the extract was done to elucidate the presence of
any potential antibacterial and antioxidant compounds in
the methanol extract of F. exasperata (Table 5, Figure 2).
Out of ninety-eigth metabolites, only 58 were identifiable;
the most abundant compound with the largest yields ex-
hibiting the highest peak areas in the extract is 9-Octade-
cen-1-ol (24.52%).

DISCUSSION

Antibacterial activity

Antibacterial activity was classified as active, moder-
ately active, weak, or inactive following the benchmark
established by Kuete [24] and Efferth and Kuete [25]. The
findings indicated that the methanol extract had the best an-
tibacterial activity against all chicken isolates but relatively
weak activity against chicken Campylobacter species.

The total antibacterial activity (TAA) is a function of
the extraction yield in mg per 1 gram of plant material and
the minimal inhibitory concentration (MIC), expressed in
ml per gram (ml/g) [26]. The TAA is a useful pharmaco-
logical criterion for the selection of plant species, and it
also indicates which plant species could be the best source
of extract for use by poor communities or for organic pro-
duction [26].

The ethanol extract of the leaves of F exasperata has
been reported to have good inhibitory activity (300 mg/
ml) against E. coli using a well diffusion assay [27]. The
methanol extract of the bark of Ficus religiosa was found
to be more active against all the enterotoxigenic E. coli
using disc diffusion [28].

All the leaf extracts of Ficus deltoidea have been re-

ported to show inhibitory activity against the fungus,



Table 3. Selectivity index (SI) against Vero kidney cells and Caco-2 cells

Sl Vero cells Sl Caco-2 cells
Acetone Methanol Aqueous Acetone Methanol Aqueous
E. coli (R) 0.12 1.27 0.14 2.33 3.45 0.03
E. coli (A) 1.29 6.60 1.73 26 17.93 0.33
E. coli (B) 1.29 14.14 8.67 26 38.42 1.66
E. coli (C) 0.60 14.14 0.76 12.1 38.42 0.14
E. coli (D) 0.82 14.14 8.67 16.5 38.42 1.66
E. coli (E) 0.41 1.60 0.87 8.20 4.33 0.16
E. coli (F) 0.50 3.30 0.42 10.1 8.96 0.08
E. coli (G) 0.41 6.60 8.67 8.27 17.93 1.66
E. coli (H) 0.20 6.60 8.67 3.95 17.93 1.66
C. coli 1.80 0.40 0.10 36.40 1.07 0.02
C. jejuni 0.30 0.80 0.14 6.06 2.15 0.02
Average 0.70 6.33 3.53 14.17 17.18 0.67

A selectivity index > 1 is regarded to be safe (Bold), R — ATCC

Table 4. Genotoxicity of selected extracts against Salmonella typhimurium strains (TA 98 and TA100) presented as mean % standard devi-
ations

Salmonella typhimurium strains

Plant Species Extracts TA98 TA100
Concentration mg/ml Concentration mg/ml
Ficus exasperata > 05 0.05 > 05 0.05
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
Number of revertant colonies per concentration
Acetone 264.50+28.99 46.50£7.78 19.00+1.41 262.50+0.71 282.00+7.07 217.50+17.68
Methanol 13.00+1.41 5.5040.71 10.50+2.12 244.50+0.71 217.00+1.41 174.50+3.54
4NQO 133+1.21 491.50+4.95
10% DMSO 21.50+2.12 260.00+2.83
Water 13.50+2.12 244.50£6.36

DMSO — dimethyl sulphoxide, 4NQO — 4-nitroquinoline-N-oxide

gram-positive and gram-negative bacteria strains tested,
except for the chloroform and aqueous extracts on Bacillus
subtilis, E. coli, and Pseudomonas aeruginosa using disc
diffusion [29]. Koona and Rao [30] reported that the meth-
anol extract of the leaf of Ficus benghalensis displayed
high antibacterial activity against all tested bacteria, while
Gayathri and Kannabiran [31] observed that the aqueous
extract of the bark of the same plant also had active inhibi-
tion (0.04 mg/ml to 0.1 mg/ml) against the tested bacteria.

To the best of our knowledge the findings from this
study comprise the first report on the antibacterial activity
of F. exasperata against different chicken clinical isolates
of E. coli. The different reported findings on the antibacte-
rial activities of this plant and other related species could
be attributed to geographical location, age of plant at har-

vest, season of harvest, and method of extraction, all of

which affect the yield of active constituents of medicinal
plants [32, 33]. This can also be due to differences in labo-

ratory procedures and reagents used [34, 35].

Cytotoxicity and selectivity index (SI)

Three extracts of F. exasperata leaves were tested
against Vero kidney and Caco-2 cell lines for general and
local toxicity, respectively. Makhafola et al. [36] stated
that until cellular toxicity tests are conducted, no natural
products or crude plant extracts can be considered safe for
usage. It is expected that the sensitivity of the cell lines to
the extracts will be different because of different metabolic
activities and uptake capabilities [37]. The human intes-
tinal cell line (Caco-2) has been reported for its known
uptake capabilities [38]. Therefore, the choice of Caco-2

cells was attributable to its uptake capabilities and being
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Table 5. Major compounds detected in the methanol crude leaf extract of F. exasperata

S/N  RT(s) Compounds MW wa;)::ar:::llgr % Peak Area IS:::::%
1 739.6 n-Hexane 86 CH., 0.25251 95.5
2 801.3 1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- 139 C,H,NO, 0.037975 72.4
3 816 Hexadecane 226 CiHs, 0.075317 89.6
4 987.7 Eicosane 282 C,oH,, 0.083463 85.2
5 1030.9 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 180 C,H,0, 0.063582 87.5
6 1059.8 1,3-Benzenediol, o-(2-methylbenzoyl)-o’-(3-cyclopentylpropionyl)- 352 C,H,,0, 0.048256 81.2
7 1069.4 Diethyl Phthalate 222 C,H,0, 0.13902 94.8
8 1116.7 aR-Turmerone 216 CH,,0 1.0882 90.5
9 11171 n-Tridecan-1-ol 200 C,H,0 1.0882 84.1
10 1175.7 Tetradecanoic acid 228 C,H,0, 0.20765 83.6
11 1190.3 3-Methylbenzoic acid, 2-formyl-4,6-dichlorophenyl ester 308  C,H,CLO, 0.050817 79.8
12 1191.2 2-Undecanethiol, 2-methyl- 202 C,H,S 0.050817 78.8
13 1196.4 6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one 196 C,H,0, 0.10085 81.5
14 1220.8 Neophytadiene 278 C,oH, 0.95137 91.0
15 1225.4 2-Pentadecanone, 6,10,14-trimethyl- 268 C,H,0 0,71471 85.1
16 1244.2 Phthalic acid, isobutyl nonyl ester 348 C,H,,0, 0.004233 85.6
17 12473 1-Hexadecanol 242 C,H,,0 12.262 94.0
18 1247.7 Cyclohexene, 3-propyl- 124 CH, 12.392 70.7
19 1272.9 2-Piperidinone, N-[4-bromo-n-butyl]- 233 C/H,BrNO 0.2513 79.7
20 1273.5 Pentadecanoic acid, 14-methyl-, methyl ester 270 C,H,,0, 0.2513 80.6
21 1279.7 Cyclotetradecane 196 C.Hy, 0.070195 89.4
22 1287.7 Isophytol 296 C,H,,0 0.086541 73.3
23 1288.7 Benzenepropanoic acid, 3,5-bis(1,1 dimethylethyl)-4-hydroxy-, methyl ester 292 CH,e0, 0.086541 74.4
24 1299.7 n-Hexadecanoic acid 256 C,H..0, 3.4626 92.0
25 1302 Dibutyl phthalate 278 C,H,,0, 0.52773 93.8
26 1312.5 Oxalic acid, allyl octadecyl ester 382 C,H,.0, 0.11053 79.9
27 1313.2 Hexadecanoic acid, ethyl ester 284 C,H,0, 0.11053 75.2
28 1349.9 Cyclooctene, 3-ethenyl- 136 CoHe 0.12643 78.7
29 1354 9-Octadecen-1-ol, (E)- 268 CH. 0 24.521 95.4

18" '36

16



Table 5: (Continued)

S/N  RT(s) Compounds MwW I\?gll’t;c:::r % Peak Area IS::::;;‘)’
30 1365.8 Hexadecen-1-ol, trans-9- 240 C,H,,0 8.6044 94.1
31 1374.9 9-Octadecenoic acid (Z)-, methyl ester 296 C,H,0, 0.089798 74.5
32 1376.1 3-Tetradecen-5-yne, (Z)- 192 C,H,, 0.35967 74.3
33 1382.8 Phytol 296 C,H,.0 2.3539 90.7
34 1400.9 1,8,11,14-Heptadecatetraene, (Z,Z,2)- 232 C,H, 0.87074 71.6
35 1409.9 Octadecanoic acid 284 CH.0, 0.78268 87.6
36 1412.5 Decanedioic acid, dibutyl ester 314 C,H,,0, 0.51516 89.5
37 1423.9 Dodecanamide 199 C,H,.NO 0.42652 80.7
38 1451.9 cis-9,10-Epoxyoctadecan-1-ol 284 CH, 0, 0.15911 85.7
39 1462 1-Octadecyne 250 CeH., 0.19828 79.5
40 1465.1 cisZ-11,12-Epoxytetradecan-1-ol 228 C,H,0, 0.2618 77.9
11 1473.5 Cyclopentane, heneicosyl- 364 CH., 0.12349 73.9
42 1473.7 1-Hexadecanol 242 C,H,,0 0.12349 70.2
43 1493.9 Oxirane, tetradecyl- 240 C,H,,0 0.15779 79.4
44 1511.2 4,8,12,16-Tetramethylheptadecan-4-olide 324 C,H,.0, 0.21983 92.4
45 1515.8 9-Octadecenamide, (Z)- 281 C,H,.NO 1.344 87.8
46 1524.9 trans-Farnesol 222 C,;H,,0 0.14699 72.9
47 1527.7 Dodecanamide 199 C,H,.NO 0.43441 88.9
48 1602.9 Bis(2-ethylhexyl) phthalate 390 C,,H,;0, 0.12006 90.3
49 1690.6 1,4-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 390 C,H,0, 0.058469 77.0
50 1706.1 9-Octadecenamide, (2)- 281 CH,NO 0.53898 86.6
51 1724.1 Squalene 410 C,H, 0.38526 92.2
52 1823.9 y-Tocopherol 416 CH.0, 0.002837 79.0
53 1855.2 Cholesta-4,6-dien-3-ol, (34)- 384 CH,.0 0.37283 75.3
54 1876.7 DL-a-Tocopherol 430 C,H,.0, 0.13892 850
55 1879.7 26-Nor-5-cholesten-33-ol-25-one 386 C,H,.0, 0.57127 74.8
56 1948.7 5-Cholestene-3-ol, 24-methyl- 400 C,eH,0 0.37861 70.3
57 19704  Stigmasterol 412 C,H,0 0.2277 81.6
58 2015.5 a-Sitosterol 414 C,H.0 4.7134 89.3
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Fig. 2. GC-MS chromatogram of methanolic extract of F. exasperata
(1) 9-Octadecen-1-ol (24.52%), (2) Cyclohexene,3-propyl- (12.39%), (3) 1-Hexadecanol (12.26%), (4) Hexadecen-1-ol,trans-9- (8.60%), (5)
a-Sitosterol (4.71%), (6) n-Hexadecanoic acid (3.46%, (7) Phytol (2.35%), (8) 9-Octadecenamide,(Z)- (1.34%), (9) aR-Turmerone (1.08%) and (10)
n-Tridecan-1-ol (1.08%).

an absorptive surface for the bioactive ingredients in the
feed additives.

In another study by Pinto [39], it was demonstrated
that these cells, upon differentiation, expressed several
morphological and biochemical characteristics of small
intestinal enterocytes. In order to reduce the use of exper-
imental animals for toxicity testing, the Caco-2 cell model
has been considered for the development of alternative in
vitro toxicity tests. Moreover, the gastrointestinal tract can
be a direct target for several toxicants. The extracts with
LC,, > 0.1 mg/ml are considered not cytotoxic [40]. Two
cell lines were evaluated in this study since it may be mis-
leading to determine the safety and utility of a plant extract
using just one.

Similar to our findings, Sowemimo et al. [41] reported
that the ethanol extract of F exasperata was not toxic to
brine shrimps and rat lymphocyte chromosomes with no
inhibition in the telomerase activity. Likewise, Bafor and
Igbinuwen [42] observed no toxicity on the haematologi-
cal parameters and changes in physiological activity after
oral and intraperitoneal administration of the aqueous ex-
tract in mice during the acute toxicity test.

Kudumela et al. [43] and McGaw et al. [44] reported

that SI values greater than or equal to 10 are preferred;
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however SI above 1 is an indication that the biological
activity of the plant extracts is higher than their cellular
toxicity. The higher the SI values, the safer the extracts.
Therefore, the methanol extract is the safest of all the test-
ed extracts.

Similarly, it has been reported that cell line sensitivity
in Caco-2 cells decreased progressively from more distal
regions of the gastrointestinal tract: gastric > duodenal >
ileal > colonic, although further study would be required
to determine whether this is a phenomenon that might be

relevant to intestinal uptake rates [37].

Genotoxicity

For an extract to be genotoxic, the number of rever-
tant colonies should be equal to or greater than twice the
average of the negative control and a clear dose-depend-
ent response should be observed for the various concen-
trations tested [23]. The methanol extract was not toxic
to S. typhimurium TA98 and TA100, though it showed a
dose-dependent response against S. typhimurium TA100.
Our findings in this study are similar to those of Satish et
al. [45], they reported that Ficus benghalensis stem bark
exhibited non-toxicity in S. fyphimurium strains against

induced mutagenicity of sodium azide (NaN,).



Flavonoids have been reported to possess significant
antimutagenic activity, such as glaberene, quercetin, myri-
cetin, kaempferol, and hesperidin [46]. Natural antimuta-
gens from edible and medicinal plants are of particular
importance because they may be useful for human cancer

prevention [47].

Gas Chromatography-Mass Spectrometry (GC-MS)

The solvent used for the extraction [48] and the sea-
sonal variation and soil type [49] are among the determin-
ing factors for the chemical composition of a plant. It has
been reported that phenolic compounds are more soluble
in highly polar solvents, such as methanol [50]. Methanol
extract from this current study had better antibacterial ac-
tivity across all the tested pathogens and was industrial-
ly relevant and the safest among the tested extracts with
good total antibacterial activity (TAA). In addition, it has
the highest selectivity index (SI) against Vero and Caco-2
mammalian cells.

Therefore, the methanol extract of F. exasperata was
chosen for analysis using Gas Chromatography-Mass
Spectrometry (GC-MYS); it reveals the presence of several
bioactive compounds with notable antimicrobial and an-
tioxidant activities and, in some cases, anticancer activi-
ties. Among the most abundant compounds identified are
9-Octadecen-1-ol which has demonstrated antimicrobial
activity as reported by Mugayi and Mukanganyame [51],
suggesting its potential role in the inhibitory effect of the
extract against microbial pathogens. Cyclohexene, 3-pro-
pyl- was previously identified in the essential oil of Cype-
rus articulates; this compound exhibited significant anti-
microbial (antibacterial and antifungal) and antioxidant
activities against a wide range of pathogens, including E.
coli, Klebsiella pneumoniae, Bacillus subtilis, Aspergillus
flavus, and Trichoderma harzianum [52], indicating its
broad-spectrum bioactivity.

1-Hexadecanol was known for its antimicrobial and
antioxidant properties; its compound supports the poten-
tial of the methanol extract of F. exasperata in combating
oxidative stress and microbial infections [53]. Hexade-
cen-1-ol, trans-9- was identified in Indigofera longerace-
mosa; this compound showed specific antimicrobial activ-
ity with agar disc diffusion, particularly against fish path-
ogens such as Aeromonas hydrophila (3 + 0.2 mm) and
Aeromonas sobria (9 £ 0.1 mm), although it was inactive

against Vibrio harveyi [54]. Its presence in F. exasperata

suggests selective antimicrobial capabilities. The a-Sitos-
terol was detected in the methanol extract of Heliotropium
bacciferum Forssk, this compound has been widely report-
ed for its antibacterial and antifungal effects [55].
Generally, these compounds highlight the multifaceted
therapeutic potential of the methanol extract of F. exasper-
ate, especially its antimicrobial and antioxidant properties.
Their individual and synergistic actions could explain the
biological efficacy of the extract and support its possible
use in pharmaceutical or feed additive formulations target-

ing microbial infections and oxidative stress.

CONCLUSION

This study demonstrated the antibacterial potential
of F. exasperata leaf extracts against antibiotic-resistant
Campylobacter species and E. coli. The methanol extract
showed superior efficacy, low cytotoxicity, high selectivity
indices, and no mutagenic effects, indicating good safety.
Alhough the aqueous extract had higher total antibacteri-
al activity, it was less biologically robust overall. Clini-
cal isolates were more susceptible than reference strains,
highlighting practical relevance. GC-MS analysis identi-
fied 9-Octadecen-1-ol as the dominant compound likely
contributing activity. Despite in vitro limitations, the meth-
anol extract showed promise as a phytogenic feed additive,

warranting further in vivo and formulation studies.
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