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The escalating prevalence of multidrug-resistant bacteria in poultry production poses significant threats
to both animal health and public safety through zoonotic transmission pathways. This study investigated
the antimicrobial potential of endophytic bacteria isolated from two medicinal plants, Azadirachta indica
(neem) and Khaya senegalensis (African mahogany), against multidrug-resistant Escherichia coli and
Salmonella species obtained from poultry droppings in Kaduna State, Nigeria. Twenty endophytic
bacteria were isolated from surface-sterilized roots and leaves of the medicinal plants using starch casein
agar. Preliminary antimicrobial screening identified four isolates (ENDVI, ENDVII, ENDVIII, and
ENDIX) exhibiting broad-spectrum activity against the multidrug-resistant poultry pathogens. These
bioactive endophytes were subjected to fermentation, ethyl acetate extraction, and chromatographic
purification. Secondary screening of purified fractions revealed substantial antimicrobial activity with
inhibition zones ranging from 20.33+0.33 mm to 26.33+0.88 mm. Molecular identification using 16S
rRNA gene sequencing identified the active endophytes as Bacillus cereus (ENDVI and ENDVIII,
92.96% and 98.72% identity respectively) and Lysinibacillus species (ENDVII as L. fusiformis, 98.85 %
identity; ENDIX as L. cavernae, 88.00% identity). Liquid chromatography-mass spectrometry (LC-MS)
analysis of active fractions revealed secondary metabolites such as Kaempferol, Vinclozolin, 2-
Aminobenzimidazole, Tropicamide, and Docosapentaenoic acid in some of the fractions. Statistical
analysis using one-way ANOVA confirmed significant antimicrobial activity (p < 0.05) of the partially
purified fractions. The findings demonstrate that endophytic bacteria from A. indica and K. senegalensis
are promising sources of antimicrobial compounds effective against multidrug-resistant poultry
pathogens.

Keywords: Azardirachta indica; Antimicrobial activity; Endophytic Bacteria; Khaya senegalensis;
Multidrug resistance; Secondary metabolite.
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1.0 INTRODUCTION

The global health crisis precipitated by antimicrobial resistance (AMR)
represents one of the most formidable challenges confronting modern
medicine and food production systems in the twenty-first century. The
overuse and misuse of antibiotics in human medicine, veterinary practice,
and agricultural applications have accelerated the emergence and
dissemination of multidrug-resistant bacterial pathogens, creating a
scenario where previously treatable infections now pose life-threatening
risks (Alara & Alara, 2024). The World Health Organization has identified
AMR as a critical priority requiring urgent intervention, with projections
suggesting that by 2050, antimicrobial-resistant infections could cause ten
million deaths annually if current trends continue unabated (WHO, 2019).
The poultry industry, in particular, has become a significant reservoir for
antibiotic-resistant bacteria, with intensive farming practices necessitating
the prophylactic and therapeutic use of antimicrobial agents, thereby
exerting selective pressure that favors the survival and proliferation of
resistant strains (Mak et al., 2022). This agricultural context has
transformed poultry operations into hotspots for the development and
transmission of resistant pathogens, particularly Salmonella species and
Escherichia coli, which pose substantial risks to both animal health and
human consumers through the food chain (Collignon et al., 2018).

Endophytic microorganisms residing within plant tissues without causing
apparent disease, have emerged as prolific producers of bioactive
secondary metabolites with remarkable antimicrobial properties (Anand et
al., 2023). These symbiotic relationships between plants and endophytic
organism have evolved over millions of years, resulting in sophisticated
chemical defense systems that protect host plants from pathogens while
simultaneously providing a rich source of novel compounds for drug
discovery (Chen & Jiang, 2026). The exploration of endophytic bacteria
from medicinal plants, particularly those with documented ethnobotanical
uses such as Azadirachta indica (neem) and Khaya senegalensis (African
mahogany), represents a rational bioprospecting strategy that leverages
traditional knowledge and ecological relationships to identify promising
antimicrobial candidates (Gakuubi et al., 2021). These medicinal trees have
been utilized for centuries in traditional African and Asian medical systems
for treating various infectious diseases, suggesting that their associated
endophytic communities may harbor specialized metabolic capabilities for
producing antimicrobial compounds (Guan et al., 2022). The intersection
of endophyte biology, natural product chemistry, antimicrobial
pharmacology, and agricultural microbiology creates a fertile ground for
addressing the critical challenge of antibiotic resistance in poultry-
associated pathogens. The investigation of endophytic bacteria from A.
indica and K. senegalensis specifically targeting multidrug-resistant
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Salmonella spp. and E. coli strains represents a strategic approach that
combines several promising research directions (Musa et al., 2020). This
research paradigm acknowledges the ecological wisdom encoded in plant-
microbe associations while employing cutting-edge analytical
technologies to unlock the therapeutic potential of these natural systems
(Manganyi & Ateba, 2020). Furthermore, understanding the metabolomic
profiles of bioactive endophytic bacteria can provide insights into
biosynthetic pathways, regulatory mechanisms, and ecological functions
that may inform both fundamental biology and applied biotechnology
(Witte et al., 2021).

2.0 MATERIALS AND METHODS

2.1 Study area

The study area is Kaduna town, the capital of Kaduna State, located in the
northwestern part of Nigeria. Kaduna State is located on latitude
10.52224N and longitude 7.43828N.

2.2 Collection of plant material

Roots and leaves of A. indica and K. senegalensis were collected within
Kaduna metropolis in the month of May, 2025, in sterile polythene bags
using a sterile blade and transported to the Biological Science Department,
Kaduna State University for authentication by a curator. Voucher number
of KASU/BSH/908 and KASU/BH/1702 were assigned to 4. indica and K.
senegalensis respectively.

2.3 Surface sterilization of plant material

The surface sterilization of plant samples was done according to procedure
described by Mahdi et al. (2022), with some slight modifications. This was
done by washing the plant material with running tap water to remove
contaminations and physical debris. The samples were further cut into
pieces using a sterile razor and tweezers and dried after washing three times
with distilled water. Each sample was immersed in sterile 0.1% Tween 20
for five min. The samples were then treated with 70% ethanol for five min,
and then further rinsed with freshly prepared 6% sodium hypochlorite
(NaOCl) solution. Samples were then washed several times with distilled
water to remove chemical residues and immersed in sterile 10% (w/v)
sodium bicarbonate (NaHCOs) for 10 min to delay the growth of
endophytic fungi and then washed three times with sterile distilled water
and dried in a laminar flow. In order to ensure the efficacy of the surface
sterilization, 100 pL of the distilled water used for the last wash, was
cultivated onto nutrient media and incubated at 28°C for 24 h. The absence
of microbial growth on the culture media after plating the last washing
water will demonstrate the effectiveness of surface sterilization (Mahdi et
al., 2022).

2.4 Isolation of endophytic bacteria from plant material

Treated plant material were cut aseptically using sterile blades to expose
the interior surface to the isolation media and then directly inoculated onto
the media, starch casein agar, SCA. The plates were then incubated at 37°C
for 5 days in an incubator (Ezeobiora et al., 2024). A sterilized wire loop
was used to pick individual colonies from the plate and streak on nutrient
agar to obtain pure culture. The isolates were transferred to nutrient slants
and were maintained at 4°C until further use.

2.5 Poultry droppings’ bacteria isolates

The test organisms used in this study comprised of multidrug-resistant
bacterial isolates previously recovered from poultry droppings and
characterized in our previous study (Muhammad et al., 2025). The isolates
were preserved on nutrient agar slant at 4°C until required. Prior to use,
each isolate was revived on nutrient media agar and re-verified using
biochemical test. The biochemical test used included; Citrate utilization
test, urease test, SIM (sulfide, indole, motility), methyl red and Voges-
Proskauer tests.

2.6 Preliminary screening of endophytic bacteria for antimicrobial
activity

The isolated endophytic bacteria were screened for antagonistic activity
against the pathogens spot inoculation method as described by Panigrahi et
al. (2018). Endophytic bacterial isolates were cultured in conical flasks
containing Nutrient agar at 37°C for 24 h. Overnight freshly grown culture
of the test organisms were standardized according to 0.5 McFarland
standards and seeded on NA plates with the help of a sterilized cotton swab
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separately. Isolated endophytes were spot inoculated on the test organism
seeded plates with the help of an inoculating loop. Incubation was done
for 24 h at 37°C and observed for zone of inhibition around the colonies.

2.7 Fermentation of putative endophytic bacteria for secondary
metabolite production

The fermentation of the endophytic actinomycetes was done using method
described in a previous study by Sreenivasan et al. (2022). Antibiotic
producing endophytes was inoculated into 250 mL conical flask containing
50 mL of Nutrient broth. The flask was incubated at 37 °C for 2 days in an
incubator-shaker. Fifty milliliters of the culture was transferred to 200 mL
of the fermentation medium. The fermentation medium consisted of
glucose 4 g/L, bacto peptone 15 g/L, yeast extract 3 g/L, Fe (III) citrate
hydrate 0.3 g/L, and distilled water 200 mL. The pH value of the medium
will be adjusted to 7.6 before sterilization. The fermentation was carried
out at 37°C for 5 days in an incubator-shaker.

2.8 Ethyl acetate extraction of secondary metabolites from
fermentation broth

Ethyl acetate extraction was carried out as described by Sreenivasan et al.
(2022). The culture broth was centrifuged at 10,000 x g for 15 min using
an ambient benchtop centrifuge. The broth supernatants were divided and
extracted using ethyl acetate as the solvent. The supernatant and the
organic solvent were mixed thoroughly by shaking them in a 1:1 capacity
separating funnel and then allowed to stand for 30 min. Two layers were
separated, the aqueous layer and the organic layer, which contained the
solvent and the antimicrobial agent. The organic layer was concentrated by
evaporation under vacuum to the least possible volume. The aqueous layer
was re-extracted, and the organic layer added to the above organic layer.

2.9 Column chromatography and thin-layer chromatography (TLC)
of ethyl acetate extracts

Column chromatographic separation was done as descried by Sreenivasan
et al. (2022) with slight modification. The dry extract of the supernatant
was purified using silica gel column chromatography. The column used has
a height of 300 mm and a diameter of 25 mm, the silica gel was loaded to
150 mm of the column. Dry extract was injected onto the column and then
eluted stepwise with the chloroform-methanol solvent system as follows:
First, the column was eluted with 100% chloroform (Fraction 1). Then the
chloroform was reduced by 10% in each fraction while the methanol was
increased by 10% in each fraction, until the methanol percentage was
100%. Thirty fractions were collected (20 mL each) and then concentrated.
The fractions obtained was spotted on pre-coated thin layer
chromatography plates. The plates were eluted with chloroform: methanol
solvent system (4:1). The spotted TLC plates were kept in iodine chamber
for the development of spots and Rf values where calculated. Samples with
similar Rf values where combined and used for antimicrobial analysis
(Reshma & Brindha-Priyadarisini, 2021).

2.10 Secondary antimicrobial screening of fractions against test
organisms

The Fractions obtained from column chromatography and TLC were
screened for antagonistic activity against the test organisms using agar well
diffusion method as described by Ezeobiora et al. (2024) with slight
modifications. Overnight freshly grown culture of the test organisms was
standardized according to 0.5 McFarland standards and seeded on Mueller-
Hinton agar plates with the help of a sterilized cotton swab separately.
Wells of uniform diameter (6 mm) were made on the solidified agar using
a sterile Cork borer. Exactly 100 pL of each fractions were dropped
separately in each well using a micropipette. It was then allowed to stand
for 3 h to allow proper diffusion of the extract within the medium.
Incubation (without inverting the plates) was done for 24 h at 37°C and
observed for zone of inhibition around the wells and colonies as an
indicative of antibacterial activities. All the experiments were carried out
in triplicates.

2.11 Liquid chromatography- mass spectrometry (LC-MS) analysis of
active fractions

Liquid chromatography-mass spectrometry (LC-MS) was carried out as
described by Garba et al. (2023). The chemical constituents of the samples
were analyzed using a liquid chromatography—mass spectrometry (LC—
MS) system. The samples were reconstituted in methanol and filtered
through a 0.45 um membrane filter prior to injection. The analysis was
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performed using a Waters €2695 LC system coupled with a photodiode
array (PDA) detector and an electrospray ionization (ESI) mass
spectrometer operating in both positive and negative ionization modes.
Chromatographic separation was achieved on a SunFire C18 column (5.0
um, 4.6 mm X 150 mm). The mobile phase consisted of solvent A (0.1%
formic acid in water) and solvent B (0.1% formic acid in acetonitrile). The
gradient elution program was as follows: A/B (95:5) for 1 min, then
linearly changed to 5:95 over 13 min and maintained until 15 min, followed
by re-equilibration to 95:5 at 17 min, maintained until 20 min. The flow
rate was set at 1.0 mL min™', with both sample and column temperatures
maintained at 25°C. Detection was performed using a PDA detector set
between 210—400 nm, with a resolution of 1.2 nm and a sampling rate of
10 points s'. The MS data were acquired in full-scan mode (m/z 100—
1250) under the following conditions: ESI source operated at a capillary
voltage of 0.8 kV for both positive and negative modes, probe temperature
at 600°C, nebulizer gas pressure of 45 psi, and desolvation gas flow rate of
10 mL min'. Fragmentation voltage was set to 125 V. Data acquisition and
processing were carried out using Empower 3 software. The mass to charge
ratio (m/z) and retention time of the fragments were used to search for
possible matches on metabolomic workbench database.

2.12 Molecular identification of active endophytic bacteria
Endophytic bacteria were identified using the 16S rDNA.
Deoxyribonucleic acid (DNA) was isolated using the Wizard© genomic
DNA purification kit. Polymerase chain reaction (PCR) was performed to
amplify the DNA  using forward  primer 27F (5%
AGAGTTTGATCCTGGCTCAG -3") and reverse primer 1492R (5-
TACGGTTACCTTGTTACGACTT -3%), primers described by Mahdi et al.
(2022). The amplification of the 16S rDNA was carried out in a reaction
tube with a final volume of 20 pL containing 5 pL of template DNA, 2 pL
of each forward primer and reverse primer, 10 puL of PCR Master mix with
standard buffer (20 mM Tris-HCI, 1.8 mM MgCI2, 22 mM NH4Cl, 22 mM
KCI, 0.2 mM dNTPs, 5% glycerol, 0.06% IGEPAL® CA-630, 0.05%
Tween® 20, 25 units/mL One Taq® DNA polymerase) and final volume
were filled up with 20 pL nuclease-free water. The PCR reaction conditions
were as follows: Initial denaturation at 95°C for 2 min, followed by 40
cycles of denaturation at 95°C for 30 s, annealing at 50°C for 40 s and
extension at 72°C for 1 min, and a final extension of 72°C for 5 min. The
PCR product was then visualized by electrophoresis in 2% (wt/vol) agarose
gel with ethidium bromide (0.5 pg/mL) staining. The PCR products were
taken for sequencing at a commercial service provider Inqaba Biotechnical
Industries (Pty) Ltd, Pretoria, South Africa.

2.13 Phylogenetic analysis of 16S rDNA sequences of endophytic
bacteria obtained after sequencing

Phylogenetic analysis of the 16S rRNA gene sequences was conducted to
determine the taxonomic placement of two endophytic bacterial isolates
obtained from the leaves and roots of Azadirachta indica. The sequences
of isolates ENDVI and ENDVII were aligned using MAFFT v7.520
together with closely related reference sequences retrieved from GenBank
based on BLAST similarity (Katoh & Standley, 2013). A maximum-
likelihood (ML) phylogenetic tree was reconstructed using IQ-TREE with
automatic model selection, and branch support was evaluated using 1,000
ultrafast bootstrap and SH-aLRT replicates (Minh et al., 2020). The
bacterial endophytes isolated from the leaves and roots of Khaya
senegalensis were analyzed using the same approach described above.

2.14 Statistical analysis of data

The significant differences were analyzed using SPSS V 23.0. One way
analysis of variance (One-Way ANOVA) was carried out, followed by
Tukey's Honestly Significant Difference (HSD) post-hoc test to compare
means of bioactive endophytic bacteria at p < 0.05.

BIORESEARCH
3.0 RESULTS

3.1 Isolated endophytic bacteria

A total of twenty endophytes, ten from A4 indica and ten from K
senegalensis, were isolated. Five endophytes were isolated from the leaves
of 4 indica and five from the roots of this plant. Similarly, five endophytes
where each isolated from the roots and leaves of K senegalensis. All the
isolated endophytes were observed to be Creamy, white and flat on starch
casein agar.

3.2 Preliminary antimicrobial screening of endophytic bacteria
against poultry isolates

Amongst the 20 endophytes, nine (ENDI, ENDIV, ENDVI, ENDVII,
ENDVIIIL, ENDIX, ENDX, ENDXI) where antagonistic against our test
poultry organisms. Five isolates from 4 indica showed activity against the
test organisms, while four only four where active from K senegalensis.
Isolates ENDVI, ENDVII, ENDVIII, and ENDIX showed the strongest
antagonistic activity against all the test organism. These four Endophytes
were chosen for subsequent analysis.

3.3 Column chromatography and thin-layer chromatography of
microbial extract

The dried ethyl acetate extracts of ENDVI, ENDVII, ENDVIII, and
ENDIX was subjected to column chromatography and thirty fractions were
collected from each sample. After running TLC, fractions with similar Rf
values were pooled together for each sample. For ENDVI, we got three
fractions (fraction 1-5, 6-9, 10-30; labelled A, B, C, respectively), for
ENDVII we also got three fractions (fraction 1-6, 7-9, and 10-30; labelled
D, E, F, respectively), for ENDVIII, we got 5 fractions (fraction 1-4, 5-12,
13-16, 17-18, and 19-30; labelled G, H, 1, J, K, respectively), and ENDIX
gave two fractions (fraction 1-10 and 11-30; labelled L and M
respectively).

3.4 Secondary antimicrobial screening of chromatographic fractions
Secondary screening using disc diffusion method shown in Figure I,
showed that fraction H has the highest mean zone of inhibition against
POLC1 with a value of 26.33, additionally Fraction B showed the mean
zone of inhibition against POLE2 with a value of 23.00. Mean zones of
inhibition of all the fractions against poultry droppings’ isolates are
tabulated as shown in Table 1.

Figure 1. Antibacterial screening of fractions against poultry-associated
multidrug-resistant isolates
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3.5 Isolates identified using 16S rDNA

The sequences of isolates were aligned with those sequences of bacteria
available in the public database and determined their similarity values. The
presumptive relationships of these sequences were obtained from database
comparison. The phylogenetic relationship of isolates based on 16S rDNA
gene sequences is shown in Figure 2 and 3. The final alignment of 4. indica
bacterial endophytes comprised 30 sequences and 760 nucleotide
positions, of which 649 sites were conserved and 111 were variable.
Among the variable sites, 51 were parsimony-informative and 60 were
singleton sites, yielding 69 distinct alignment patterns that reflect several
single nucleotide polymorphisms (SNPs) among the analyzed sequences.
The phylogenetic tree resolved two distinct lineages within the phylum
Firmicutes. Isolate ENDVI clustered within the genus Bacillus, showing
close affiliation with members of the Bacillus cereus group, including
Bacillus thuringiensis. On the other hand, isolate ENDVII grouped within
the genus Lysinibacillus and showed the closest relationship with
Lysinibacillus fusiformis, indicating that the two isolates belong to
different genera within the phylum Firmicutes. For K. senegalensis
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bacterial endophytes, the final multiple sequence alignment consisted of
30 sequences and 774 nucleotide positions, of which 405 were conserved
and 369 were variable. Among the variable sites, 56 were parsimony-
informative and 313 were singleton sites, producing 135 distinct alignment
patterns that indicate several SNPs across the dataset. The phylogenetic
tree resolved the sequences into two major lineages within the phylum
Firmicutes. Isolate ENDVIII clustered within the genus Bacillus and
showed a close relationship with members of the Bacillus cereus group,
including Bacillus cereus, Bacillus tropicus, and Bacillus paramycoides.
In contrast, isolates ENDVII and ENDIX grouped within the genus
Lysinibacillus and were most closely related to Lysinibacillus fusiformis,
suggesting a very close evolutionary relationship with previously reported
strains of this species. The similarity, and accession numbers on National
center for biotechnology information (NCBI) of the endophytic bacterial
isolates with their closely related strains are summarized in Table 2. All the
16S rDNA gene sequences of our isolates were submitted to GenBank and
were assigned GenBank accession numbers: PX482399.1, PX446468.1,
PX446467.1, and PX482400.1.

Table 1. Mean zone of inhibition of four active chromatographic fractions from endophytes against multidrug-resistant poultry isolates

Endophyte Fraction R¢ Value Zone of inhibition against poultry droppings isolate (mm)

Isolate POLC1 POLC3 POLE2 POLI3

ENDVI 6-9 (B) 0.91 22.67+2.31° 25.67+0.58° 23.00+ 0.00° 25.67+1.53°

ENDVII 7-9 (E) 0.82 23.00+ 0.00°¢ 21.67+0.58° 25.67+£0.58* 24.67+ 0.58°

ENDVIII 5-12 (H) 0.75 26.33+1.53° 25.67+0.58° 20.33+0.58° 22.33+0.58°

ENDIX 11-30 (M) 0.78 21.00+ 1.73¢ 20.67+2.31° 21.00+ 0.00°¢ 25.33+1.15°
DMSO (Negative control) NA 0.00 £ 0.00¢ 0.00 = 0.00¢ 0.00 = 0.00¢ 0.00 = 0.00¢
CIP (Positive control) NA 33.67+1.53* 30.67+1.15% 25.33+1.53* 33.67+1.53*

Values are mean + SD of three replicates. Within the same column (isolate), mean values bearing the same superscript letter are not significantly different
at p < 0.05. POLCI1= Poultry farm C1, POLC3= Poultry farm C3, POLE2= Poultry farm E2, POLI3= Poultry farm I3, CIP= Ciprofloxacin, DMSO=

Dimethyl Sulfoxide, NA= Not applicable

Table 2. Endophytic bacteria identified based on 16s rDNA similarity search on NCBI database and EZbiocloud database

Isolates Length of Sequence (bp) Most similar hit on % Identity ~ Most similar hit on NCBI % Identity  Accession No.
EZbiocloud

END VI 770 Bacillus cereus 89.75 Bacillus cereus 92.96 PX482400.1
(AE016877) (MF445133.1)

END VII 708 Lysinibacillus 98.02 Lysinibacillus fusiformis 98.85 PX446467.1
Sfusiformis (AB271743) (OP811537.1)

END VIII 789 Bacillus cereus 98.97 Bacillus cereus 98.72 PX446468.1
(AE016877) (DQ648272.1)

END IX 667 Lysinibacillus 84.66 Lysinibacillus cavernae 88.00 PX482399.1
cavernae (MN611148) (MNG611148.1)

Key: bp=base pairs

Bacillus thuringiensis stram BACTT (OK3IZSE66.1)

Baciles sp, SWS gene (ABLZETES,1)
Uncultured Bacllug sp. chorme FilL117 (HM162704.1)
Bacilles paranthracis stram (CPO85413.1)

Bacillss cededs stram HCYD2 (EF126181.1)

Bacillus sp. (KXHZSHSE 1)

Endophyiic hactardum straln BER1 (POODE000, 1)
Bacilbus cereus siraim 217-B (KPF903228.1)

Bacilles corpus sirain kal2-S5 (OPTHS036.1)

Bacillus albus srain HBUASETARZ (ORET3460.1)
Uncultured bacienum clone nckZl4ahl2cl (KFORGEFOLL)
Uncultured bacterum clome nod1a0agl2cl (JF121970.1)
Uncultured bacterium clomns ned1398=06cl (JF122154.1)
Bacillkss cargus straim MIBSM_CoRS (MF445133.1)

Kaocuna rhizophila straan DC2201 (KCTGHA0E.1)
Lysindbacillus fusitormis strain 57_4 (OPE11550.1)
Lysimabacillus sp. sirain MHO-1 (OMNGE24154 1)
Lysindbacillus fusitormis strain RFW L4 (MMS58719,1)
Lyswmbacillus fusilormis sram YRAB1 (INBET122.1)
Lysinibacillus fusiformis strain HRS3 (JFT00466.1)
Lysinibacdllus. ep. strain 2FB-2 (PQ363115.1)
Lysimibacillus sp. F2L(2012) (0944592 1)
Lysindbacillus sphaaricus siran S1-3 (KCB2Z3294.1)
Lysimibacillus fusilormis straim YHBTZT (MGSTLTI2.1)
Lysindbacillus sp. strain 4H (DF918523.1)

| Lysimibacillus fusilormis sirain H10a IPR (RX661367.1)
Bacterium CYSHGTEBOS-1 (KTES2E28.1)
Uncultured prokanvde clone seq_J-528_165F (KP410208.1)

Figure 2. Maximum-likelihood phylogenetic tree of endophytic bacteria (ENDVI (PX482400.1), and ENDVII (PX446467.1)) Based on 16s rDNA

sequence using Iqgtree software.
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Bacillus cereus strain EKNE-11 [DQE4827T2.1)
Bacillus tropicus strain Ans (ORTS6587.1)

Bacillus cereus. stran HEUASTEQDZ (PQ326591.1)
Bacillus cerews strain DXFPIL (OL468344,1)
Bacillus anthracis strain MTCC RC 2104 (Cul 2) (KFE88541.1)
Bacillus cereus strain YAmpl (PQ432911.1)

Bacillus sp. (in: fiomicutes) strain 10-3C1 (PX505277.1)
Bacillus thuringiensis strain BSEME (PVBETELD.Z)
Bacillus sp. (m: Bactenia) strain STW170241 (OP7TEEE4.1)
Bacillus nitratireducens sirain 1400732 (PVTE9528.1)
Bacillus sp. (in: Bacteria) strain Pg 14 (MKAT9926.1)
Bacillus anthwacis str. Turkey32 (CP009315.1)
Bacillaceae bacterium C02 (CPO45533.1)

Bacilus pacificus srain anQ-h4 chromosome (CPOBEIZE.1)
Lysinibacillus: fusitormis stran JAN-7 (KF453783.1)
Lysinibacillus sphaericus C3-41 (CPOD0B17.1)
Lysinibacillus fusiformis strain N43 (JQ900544.1)

Lysinibacillus sphaericus strain MGB3077T (MH261086.1)

Lysinibacillus sphaericus strain R96 (KUT52854.1)
Lysinibacilus sp, strain H17 (OK584318.1)
Lysinibacillus sp. strain IHPAGCCE (MHT82118.1)
Lysinibacillus fusiformis strain CDB14 (ONE24316.1)
Lysinibacillus cavernae strain 5¥SU K30005 (MMG11148.1)
Lysinibacillus cavernae strain SYSU K30005 (NR 175531.1)
Lysinibacillus sp, RABLZ (KROS5724.1)

Lysinibacillus fusitormis sirain PPD-E29 (PP461588.1)
Lysinibacillus Tusitormis sirain UFLA WFCTES (KYG60460.1)

Figure 3. Maximum-likelihood phylogenetic tree of endophytic bacteria (ENDVIII (PX446468.1), and ENDIX (PX482399.1)) Based on 16s rDNA

Sequence using Iqtree software.

3.6 LC-MS metabolite profiling of secondary metabolites produced by
bioactive endophytes

LC-MS analysis of extracts from END VI, VII, VIII, and IX lead to the
prediction of a number of secondary metabolites which is presented in
tables 3-10. A total of 21 different metabolites were predicted in both
positive and negative ion mode for ENDVI. 12 different metabolites were
discovered from the positive ion mode while 9 different metabolites were
predicted from the negative ion mode. A total of 7 different metabolites

different metabolites were discovered from the positive ion mode while 3
different metabolites were predicted from the negative ion mode. A total of
11 different metabolites were predicted in both positive and negative ion
mode for ENDVIIL 9 different metabolites were discovered from the
positive ion mode while 2 different metabolites were predicted from the
negative ion mode. A total of 7 different metabolites were predicted in both
positive and negative ion mode for ENDIX. 5 different metabolites were
discovered from the positive ion mode while 2 different metabolites were

were predicted in both positive and negative ion mode for ENDVII. 4

predicted from the negative ion mode.

Table 3. Secondary metabolites in positive ion mode for END VI fraction on metabolomics workbench

S/No Observed M/Z Retention Time Ry (min)  Predicted Compound Main Class Molecular Formula

1 285.135 2.312 Cyclo(-his-phe) Amino  acids and CisHisN4O2
peptides

2 241.934 2.626 Quinclorac Quinolines CioHsCI2NO2

3 215.036 5.23 Allylphenol sulfate Phenylpropanoids CoH1004S

4 132.234 6.163 bis(3-aminopropyl) amine Ornithine alkaloids CsHi7N3

5 176.094 6.29 N-Carboxyethyl-gamma- Fatty acids C7H13NO4

aminobutyric acid

6 285.401 8.128 16-Oxoheptadecanoic acid Fatty acids Ci7H3203

7 215.271 8.359 12-Aminododecanoic acid Fatty amides C12H26N20

8 285.086 9.253 Xanthosine Purines C1oH12N4O6

9 284.583 9.69 Glycitein Flavonoids Ci6H120s

10 215.386 9.786 Harmaline Tryptophan alkaloids Ci3H1aN20

11 241.534 12.448 Palmitaldehyde Fatty aldehydes Ci6H320

12 285.536 17.45 1,1,3,3-Tetrabutylurea Organonitrogen C17H36N20
compounds

Table 4. Secondary metabolites in negative ion mode for ENDVI fraction on metabolomics workbench

S/No Observed M/Z  Retention Time R (min) Predicted Compound main class molecular formula
1 285.185 6.163 2-Hydroxyestrone Steroids CisH2203

2 286.485 6.29 Procyclidine Amines Ci9H29NO

3 285.985 6.519 Vinclozolin Halobenzenes Ci12HoCINO3

4 285.14 8.517 Kaempferol Flavonoids Ci5H1006

5 285.105 9.253 6-Chloropurine riboside Purine Nucleosides CioH11CIN4O4

6 269.198 9.544 4-Octylbenzenesulfonic acid Benzenoids Ci14H22058
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7 299.096 9.69 1,3-dihydroxy-6-(hydroxymethyl)-  Benzenoids Ci6H1206
8-methoxyanthracene-9,10-dione
8 299.108 9.786 1-[4-Hydroxy-5- Pyrimidine nucleosides ~ Ci2H20N205Si
(hydroxymethyl)oxolan-2-yl]-5-
trimethylsilylpyrimidine-2,4-dione
9 269.188 17.45 Margaric acid Fatty acids Ci17H3402

Table 5. Secondary metabolites in positive ion mode for ENDVII fraction on metabolomics workbench

S/No Observed M/Z  Retention Time R, Predicted Compound Main Class Molecular Formula

1 284.291 12.794 Hexadecyl-trimethylammonium Organonitrogen CioHa2N*
compounds

2 285.296 14.37 Docosapentaenoic acid Fatty acids C22H3402

285.285 17.482 17alpha-Hydroxypregn-4-ene- Steroids and  steroid  C21H3003
3,20-dione derivatives
4 285.435 17.631 10-Methyl-heptadecanoic acid Fatty acids CisH3602
Table 6. Secondary metabolites in negative ion mode for ENDVII fraction on metabolomics workbench

S/No Observed M/Z Retention Time R¢ Predicted Compound Main Class Molecular Formula

1 284.235 1.693 Alpha-hydroxy-metoprolol Benzenoids C15H25N0O4

2 285.208 9.063 Tropicamide Pyridine alkaloids Ci7H20N202

3 284.035 5.7 4-[(4-cyanophenyl)-(1,2,4-triazol- Benzenoids Ci17H1iNs

1-yl)methyl]benzonitrile
Table 7. Secondary metabolites in positive ion mode for ENDVIII fraction on metabolomics workbench

S/No Observed M/Z Retention Time Ry Predicted Compound Main Class Molecular Formula

1 285.181 1.678 5,7-Dimethoxyflavanone Phenylpropanoids and  Ci7H1604
polyketides

2 241.346 1.967 Anserine Amino  acids and  CioHisN4O3
peptides

3 132.15 2.351 2-Aminobenzimidazole Benzimidazoles C7H7N3

4 101.779 6.255 2-aminobutanoic acid Amino  acids and CsHoNO:
peptides

5 176.166 7.743 1-Methoxy-1H-indole-3- Tryptophan alkaloids Ci0HoNO2

carboxaldehyde

6 101.869 9.76 Methionine sulfoximine Amino  acids and CsHi2N20:S
peptides

7 79.895 12.769 Cyclamate Cyclohexylamines CeHi3NOsS

8 284.406 13.868 Hexadecyltrimethylammonium Organic nitrogen  Ci9HaN*
compounds

9 79.79 17.648 2-Aminoethanesulfonic acid Amino  acids and C:H/NOsS
peptides

Table 8. Secondary metabolites in negative ion mode for ENDVIII fraction on metabolomics workbench

S/No  Observed M/Z Retention Time R Predicted Compound Main Class Molecular Formula

1 285.115 9.041 6-Chloropurine riboside Nucleosides, nucleotides, and CioH11CIN4Oa
analogues

2 285.935 6.88 Vinclozolin Halobenzenes C12HoCI2NO;

Table 9. Secondary metabolites in positive ion mode for ENDIX fraction on metabolomics workbench

S/No  Observed M/Z Retention Time R¢ Predicted Compound Main Class Molecular Formula
1 285.197 2.486 5,7-Dimethoxyflavanone Phenylpropanoids and  Ci7Hi1604
polyketides
2 285.309 6.939 N-[3- Fatty amides Ci7H36N20
(Dimethylamino)propyl]dodecanamide
3 285.314 17.658 1,4-Androstadiene-3,17-dione Lipids and lipid-like ~C19H2402
molecules
4 284.235 7.246 Hexadecyl-trimethylammonium Organic nitrogen  CioHaaN*
compounds
5 285.314 17.658 3-O-Methylgalangin Flavonoids Ci6H1205
Table 10: Secondary metabolites in negative ion mode for END IX fraction on metabolomics workbench
S/No Observed M/Z  Retention Time R  Predicted Compound Main Class Molecular Formula
1 285.111 9.065 Kaempferol Flavonoids Ci5Hi1006
2 285.181 17.467 17alpha-Hydroxypregn-4-ene-3,20-dione Steroids and  steroid CaiH3003
derivatives
4.0 DISCUSSION antimicrobial, anti-inflammatory, and antiparasitic properties attributed to

The choice of Azadirachta indica and Khaya senegalensis as source plants
for endophyte isolation reflects strategic bioprospecting based on
ethnobotanical knowledge (Wylie & Merrell, 2022). Neem has extensive
traditional medicinal applications across Africa and Asia, with documented

compounds such as azadirachtin, nimbin, and various limonoids (Wylie &
Merrell, 2022). African mahogany similarly possesses a rich history of
traditional therapeutic uses, particularly for treating infections and
inflammatory conditions (Adamu et al., 2022). The bioactive chemistry of
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these plants likely creates selective environments within their tissues that
favor colonization by endophytes with complementary metabolic
capabilities (Chen & Jiang, 2026). The preliminary antimicrobial screening
conducted against four randomly selected poultry droppings’ isolates
which were already established as MDR isolates in our previous study
(Muhammad et al., 2025), revealed differential antagonistic activities
among the twenty endophytes tested. Four endophytes—ENDVI and
ENDVII from 4. indica, and ENDVIII and ENDIX from K. senegalensis—
demonstrated consistent inhibitory activity against all four test organisms.
This universal antagonistic capability suggests these isolates produce
broad-spectrum antimicrobial compounds effective against diverse
enterobacterial strains. The selection of these four endophytes for detailed
characterization proved strategic, as subsequent analyses confirmed their
capacity for bioactive secondary metabolite production. The variable
antimicrobial activity observed across the endophyte collection reflects the
heterogeneous nature of endophytic communities and their diverse
metabolic capabilities (Singh et al., 2021). Several isolates showed
selective activity against specific test organisms, while others
demonstrated no detectable antimicrobial effects under the screening
conditions employed. Such variability is typical in natural product
discovery programs, where only a subset of microbial isolates produces
compounds with desired biological activities at detectable levels (Hashem
et al., 2023). The factors influencing antimicrobial production by
endophytes include genetic capacity for biosynthetic gene cluster
expression, regulatory mechanisms controlling secondary metabolism,
nutritional conditions, and environmental signals perceived by the
organisms (De Simeis & Serra, 2021). The extraction of bioactive
compounds using ethyl acetate represents a strategic choice based on this
solvent's physicochemical properties. This differential extraction provides
initial purification by separating bioactive organic compounds from bulk
fermentation components. The liquid-liquid extraction procedure
employed, utilizing a separating funnel with repeated extractions,
maximizes compound recovery while the subsequent vacuum evaporation
concentrates the extract to manageable volumes for further purification
(Abdelmohsen et al., 2022). The stepwise increase in methanol polarity
from 0% to 100% in 10% increments ensures comprehensive elution of
compounds across the polarity spectrum. This approach capitalizes on
differential retention of compounds based on their interactions with the
silica gel surface and relative solubility in the mobile phase (Sreenivasan
et al., 2022). The collection of thirty fractions from each extract provided
fine resolution of compound mixtures, critical for isolating individual
bioactive entities from complex natural product matrices (Sreenivasan et
al., 2022). Thin-layer chromatography served dual purposes in this
investigation: confirming successful separations achieved through column
chromatography and enabling combination of fractions with similar
compound profiles (Reshma & Brindha-Priyadarisini, 2021). The Rf
values calculated for active fractions—0.91, 0.82, 0.75, and 0.78 for
ENDVI, ENDVII, ENDVIII, and ENDIX respectively—indicate the
bioactive compounds possess relatively high polarity and mobility in the
chloroform-methanol (4:1) system employed. These Rf values suggest
moderately polar compounds, consistent with many known antimicrobial
secondary metabolites including various alkaloids, modified peptides, and
oxygenated terpenes (Ujam et al., 2021). The magnitude of inhibition
zones observed in secondary screening of the fractions (generally 20-26
mm) compares favorably with those produced by conventional antibiotics
against susceptible strains and exceeds activity levels typically reported for
crude natural product extracts (Gajic et al., 2022). These substantial zones
of inhibition suggest the purified fractions contain bioactive compounds at
significant concentrations and that these compounds possess genuine
antimicrobial potency rather than marginal effects. Research by Gajic et al.
(2022) established that inhibition zones exceeding 15 mm typically
indicate promising antimicrobial activity worthy of further investigation,
with zones above 20 mm suggesting compounds with therapeutic potential.
The antibacterial activity recorded in this study is significant considering
that the poultry droppings’ bacterial isolates used as test organisms were
previously confirmed to show multidrug-resistant to several conventional
antibiotics (Muhammad e a/., 2025). This suggest that endophytes from A.
indica and K. senegalensis may represent a promising source of
antimicrobial metabolites that could serve as alternative or complements
to existing antibiotics in controlling MDR bacteria associated with poultry
environments.

The findings of this investigation align with and extend previous research
on endophytic bacteria from medicinal plants. A study by Tshikhudo et al.
(2023) isolated endophytic actinomycetes from medicinal plants in Egypt
and demonstrated their antimicrobial activities against multidrug-resistant
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clinical isolates. Their work identified Strepfomyces species as
predominant bioactive endophytes, contrasting with the Bacillus and
Lysinibacillus species suspected in this study. Research conducted by
Raihan et al. (2021) in Bangladesh isolated endophytic bacteria from neem
(Azadirachta indica) and screened them for antimicrobial activities against
both Gram-positive and Gram-negative pathogens. They identified several
Bacillus species with significant bioactivities, supporting findings from
this investigation. However, their study did not extend to detailed
metabolite profiling or testing against multidrug-resistant agricultural
isolates, representing areas where the current work provides additional
insights (Newman & Cragg, 2020). Additionally, a comprehensive
investigation by Ek-Ramos et al. (2019) examined endophytic bacteria
from African medicinal plants, including species closely related to Khaya
senegalensis. They documented diverse antimicrobial activities and
identified novel bioactive compounds including modified peptides and
polyketides. Their emphasis on African medicinal plants aligns with the
rationale for selecting study plants in this investigation, recognizing the
untapped potential of African biodiversity for antimicrobial discovery
(Newman & Cragg, 2020). The 16S rDNA gene sequencing and
phylogenetic analysis provided taxonomic identification of the four
bioactive endophytes, closely related to members of the Bacillus and
Lysinibacillus genera. ENDVI and ENDVIII were identified as Bacillus
cereus based on 92.96% and 98.72% sequence identity respectively with
NCBI database sequences. ENDVII showed 98.85% identity with
Lysinibacillus fusiformis, while ENDIX demonstrated 88.00% identity
with Lysinibacillus cavernae. The genus Bacillus represents one of the
most prolific sources of antimicrobial compounds in nature, with species
producing a vast array of bioactive metabolites including lipopeptides
(surfactins, iturins, fengycins), polyketides, bacteriocins, and various
modified peptides (Caulier et al., 2019; Patience et al., 2026). Bacillus
cereus, while often discussed in food safety contexts due to pathogenic
strains, also includes environmental isolates with significant biocontrol and
antimicrobial production capabilities. Research by Caulier et al. (2019)
comprehensively reviewed the antimicrobial arsenal of the Bacillus cereus
group, identifying numerous biosynthetic gene clusters responsible for
producing bioactive compounds. The isolation of B. cereus strains from
medicinal plants as endophytes with antimicrobial activity has been
reported by Mohamad et al. (2018), who documented diverse bioactive
compounds from B. cereus endophytes including novel antimicrobial
peptides. Lysinibacillus fusiformis and L. cavernae belong to a genus
historically included within Bacillus but reclassified based on phylogenetic
and chemotaxonomic criteria (Kan et al., 2020). Despite this taxonomic
separation, Lysinibacillus  species retain metabolic capabilities
characteristic of Bacillus, including secondary metabolite production
(Harirchi etal., 2022). L. fusiformis has been investigated for antimicrobial
compound production by several research groups, with identified bioactive
metabolites including cyclic lipopeptides and modified peptides (Jamal &
Ahmad, 2022). Studies by Passera et al. (2020) demonstrated that L.

fusiformis isolates from diverse environments produce antimicrobial

compounds, supporting the findings of this investigation.

The ENDVI extract contained diverse compound classes including amino
acid derivatives, fatty acids, alkaloids, and flavonoids. Cyclo(-his-phe),
identified at m/z 285.135, represents a cyclic dipeptide formed from
histidine and phenylalanine. Cyclic dipeptides, also termed
diketopiperazines, constitute a major class of bacterial secondary
metabolites with documented antimicrobial, antifungal, and cytotoxic
activities (Song et al., 2021). Research by Song et al. (2021)
comprehensively reviewed diketopiperazine bioactivities, noting their
production by numerous Bacillus species and their potential as
antimicrobial lead compounds. The presence of cyclo(-his-phe) in the
active fraction suggests potential contribution to observed antibacterial
effects, either independently or synergistically with other components.
Several long-chain fatty acid derivatives were identified, including 16-
oxoheptadecanoic acid (m/z 285.401) and 12-aminododecanoic acid (m/z
215.271). Modified fatty acids have received increasing attention as
antimicrobial agents, with mechanisms including membrane disruption,
interference with fatty acid biosynthesis, and modulation of bacterial
signaling pathways (Casillas-Vargas et al., 2021). Studies by Casillas-
Vargas et al. (2021) demonstrated that bacterial fatty acids, particularly
those with unusual structural features, exhibit significant antimicrobial
activities against both Gram-positive and Gram-negative bacteria. The
identification of xanthosine (m/z 285.086), a purine nucleoside, suggests
potential involvement in nucleotide metabolism interference or purine
analog-based antimicrobial mechanisms (lacob et al., 2025; Usman et al.,
2026). Glycitein (m/z 284.583), an isoflavonoid, represents a flavonoid
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class compound traditionally associated with plant metabolism but
increasingly recognized as products of bacterial biotransformation or
biosynthesis (Ahmadi & Ebrahimzadeh, 2020). Isoflavonoids possess
various biological activities including antimicrobial effects, potentially
contributing to the observed bioactivity of ENDVI extracts. In negative ion
mode, kaempferol (m/z 285.14) was identified as a flavonoid with well-
documented antimicrobial properties. Multiple studies have established
kaempferol's effectiveness against bacterial pathogens through
mechanisms including membrane disruption, inhibition of bacterial
enzymes, and interference with quorum sensing (Shamsudin et al., 2022).
Research by Shamsudin et al. (2022) comprehensively reviewed
antimicrobial mechanisms of flavonoids, noting kaempferol's activity
against various E. coli and Salmonella strains, directly relevant to this
study's test organisms. The metabolite profile of ENDVII showed a
predominance of lipid-derived compounds including docosapentaenoic
acid (m/z 285.296), a polyunsaturated fatty acid with 22 carbons and five
double bonds. Polyunsaturated fatty acids have demonstrated antimicrobial
activities, with mechanisms proposed to involve membrane perturbation
and alteration of membrane fluidity affecting bacterial physiology
(Casillas-Vargas et al., 2021). The identification of 17alpha-hydroxypregn-
4-ene-3,20-dione (m/z 285.285 and 285.181), a steroid derivative,
represents an unusual finding in bacterial extracts, as steroid biosynthesis
is traditionally associated with eukaryotic organisms (Donova, 2022).
However, bacterial steroid production has been increasingly documented,
particularly in organisms inhabiting eukaryotic hosts or environments rich
in steroid precursors (Fernandez-Cafion & Chamizo-Ampudia, 2026). The
presence of hexadecyl-trimethylammonium (m/z 284.291), a quaternary
ammonium compound, suggests potential surfactant-type antimicrobial
activity. Quaternary ammonium compounds act as cationic surfactants that
disrupt bacterial membranes through electrostatic interactions with
negatively charged membrane components, leading to membrane
depolarization and cell lysis (Vereshchagin et al., 2021). Tropicamide (m/z
285.208), identified in negative ion mode, typically represents a synthetic
pharmaceutical compound used as a mydriatic agent. Its identification in
bacterial extracts may reflect structural similarity with produced
metabolites rather than actual tropicamide presence, highlighting
limitations of database matching for novel natural products (Rutz &
Wolfender, 2023). ENDVIII exhibited a diverse metabolite profile
including 5,7-dimethoxyflavanone (m/z 285.181), a flavonoid with
documented antimicrobial properties. Methoxylated flavonoids often
demonstrate enhanced bioactivities compared to unmethoxylated
counterparts due to improved membrane permeability and altered receptor
interactions (Tan et al., 2022). The presence of anserine (m/z 241.346), a
dipeptide consisting of beta-alanine and 3-methyl-histidine, represents
another amino acid derivative potentially contributing to antimicrobial
activity (Tan et al., 2022). Several indole derivatives were identified,
including 1-methoxy-1H-indole-3-carboxaldehyde (m/z 176.166). Indole
compounds serve as important signaling molecules in bacterial
communities and possess various biological activities including
antimicrobial effects (Razzaq et al., 2025). The tryptophan alkaloid
category encompassing these compounds has been extensively studied for
bioactive properties. Research by Razzaq et al. (2025) documented diverse
biological activities of bacterial indole derivatives, including
antimicrobial, antifungal, and anti-biofilm effects. The identification of 2-
aminobenzimidazole (m/z 132.15) represents a nitrogen-containing
heterocycle with known antimicrobial properties. Benzimidazole
derivatives have been investigated as antimicrobial agents due to their
ability to interfere with microbial DNA synthesis and enzyme function
(Brishty et al., 2021).

The metabolite profile of ENDIX included 5,7-dimethoxyflavanone (m/z
285.197), also identified in ENDVIII extracts, suggesting convergent
metabolic capabilities across different endophyte species. This flavonoid's
recurrent identification in bioactive fractions strengthens evidence for its
potential contribution to observed antimicrobial effects (Shamsudin et al.,
2022). The fatty amide N-[3-(Dimethylamino)propyl]dodecanamide (m/z
285.309) represents another potentially bioactive component, as fatty
amides with amino substituents often exhibit enhanced antimicrobial
properties compared to simple fatty acids (Casillas-Vargas et al., 2021).
Kaempferol (m/z 285.111) was identified in ENDIX extracts, similar to its
detection in ENDVI, indicating this flavonoid may be a common
metabolite among bioactive endophytes from these medicinal plants
(Shamsudin et al., 2022). The identification of 1,4-androstadiene-3,17-
dione (m/z 285.314), a steroid compound, parallels findings from ENDVII
and suggests steroid metabolism may be more common in bacterial
endophytes than previously recognized (Donova, 2022). Steroid
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compounds can possess antimicrobial activities through membrane
interactions and interference with cellular processes dependent on
membrane integrity (Fernandez-Canon & Chamizo-Ampudia, 2026). The
compound 3-O-methylgalangin (m/z 285.314) represents a methylated
flavonol with structural similarity to other identified flavonoids. The
methylation pattern may influence antimicrobial potency through effects
on lipophilicity, membrane penetration, and molecular target interactions
(Tan et al., 2022). Studies by Tan et al. (2022) demonstrated that
methylation patterns in flavonoids significantly influence their
antimicrobial activities, with specific substitution patterns conferring
enhanced effectiveness against particular bacterial species.

Limitations

All biological test were performed at one concentration, which prevents
the calculation of MIC. The liquid chromatography—mass spectrometry
(LC-MS) analysis used for metabolite profiling of the active endophytic
fractions was conducted using a single analytical platform and relied on
database matching for compound identification. No confirmatory
structural elucidation techniques — such as nuclear magnetic resonance
(NMR) spectroscopy, high-resolution mass spectrometry (HRMS), or
tandem mass spectrometry (MS/MS) fragmentation analysis — were
employed to validate the identity of the putative compounds identified.
These constraints mean that compound identities should be regarded as
tentative rather than confirmed, and the specific contributions of individual
metabolites to the observed antimicrobial activity cannot be conclusively
established without further validation.

Conclusion

This investigation successfully demonstrated that endophytic bacteria
isolated from Azadirachta indica and Khaya senegalensis produce diverse
secondary metabolites with potent antimicrobial activities against
multidrug-resistant Escherichia coli and Salmonella species from poultry
sources. The identification of Bacillus cereus and Lysinibacillus species as
bioactive endophytes expands recognition of antimicrobial production
capabilities within these genera. The metabolite profiles revealed through
LC-MS analysis indicate production of multiple compound classes
including flavonoids, cyclic dipeptides, modified fatty acids, and alkaloids,
suggesting diverse biosynthetic capabilities with potential for further
exploration. The promising antimicrobial activities demonstrated by
endophyte-derived secondary metabolite against resistant pathogens
suggest genuine therapeutic potential worthy of continued development.
The substantial inhibition zones observed, combined with chemical
diversity of identified metabolites, position these findings as valuable
starting points for antimicrobial development programs targeting
agricultural and potentially human applications. The integration of
traditional ethnobotanical knowledge with modern analytical and
molecular techniques exemplified in this study provides a productive
model for natural product discovery in regions with rich biodiversity and
traditional medicine practices.
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