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This comprehensive research endeavor was undertaken to delve into the isolation and identification of endophytic
bacteria from Capparis decidua, specifically focusing on their potential contributions to antifungal and antioxidant
activities. The meticulously examined endophytes, identified as Staphylococcus pasteuri, S. warneri, and
Staphylococcus sp., underwent a rigorous assessment. Their crude extracts demonstrated considerable potency,
manifesting significant antifungal efficacy against various Candida species, as indicated by well-defined inhibition
zones and minimum inhibitory concentrations spanning 6.51 + 166 ug/mL. Furthermore, these extracts exhibited
noteworthy antioxidant potential in DPPH assays, showcasing IC, values ranging between 94.01 + 1.40 and 186.73
+1.30 pg/mL. The qualitative analysis substantiated the presence of bioactive compounds, encompassing flavonoids,
alkaloids, and phenolic compounds. Through meticulous metabolite identification using Fourier transform infrared
and gas chromatography/mass spectrometry techniques, specific compounds previously associated with antifungal
and antioxidant properties were unveiled. These compelling findings underscore the therapeutic promise encapsulated
within endophytic bacteria derived from Capparis decidua. The harmonious alignment of robust antifungal and
antioxidant activities with the identified bioactive metabolites offers valuable insights for the exploration of natural
sources, potentially paving the way for impactful applications in pharmaceutical research.

1. INTRODUCTION

compounds with antifungal activity. One possible approach could

Due to global warming, more and more fungal pathogens can
survive and multiply at human body temperature [1]. This is the
reason that outbreaks of fungal infections are likely to occur in the
coming years if not controlled [2]. Resistance to currently available
antifungal drugs is increasing at an alarming rate, worsening the
situation [3]. Therefore, the development of new antifungal drugs
with broad-spectrum activity, low toxicity, and resistance is an
important goal for both academia and the pharmaceutical industry
[4]. The most common fungal infections in humans are caused by
Candida sp. [5]. In the past two decades, the incidence of Candida
infections has increased due to the irregular use of broad-spectrum
antibiotics and the limited number of antifungal drugs to control
fungal infections [6]. Therefore, there is an urgent need for new
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be to screen endophytic bacterial isolates for the presence of
competent antifungal chemotherapeutic metabolites.Endophytic
microorganisms live symbiotically in various plant tissues. They
contribute either directly or indirectly to increasing plant tolerance
to abiotic (pressure, temperature) and biotic (microbial) stresses. To
cope with environmental stresses, plants synthesize various bioactive
metabolites, both individually and in enhanced production by
endophytic strains [7,8]. However, this requires isolating endophytes
and studying their metabolites, which not only saves time but also
does not affect plant diversity.

Ethnomedicinal uses of Capparis decidua: Capparis decidua
(Forssk) Edgew belongs to the class Magnoliopsida in the family
Capparaceae. This small, branched shrub is native to the arid
regions of the Asian continent. It has ethnobotanical importance
in folk medicine and is also used to treat various ailments such as
rheumatism, respiratory problems, diabetes, microbial infections,
hypertension, free radical scavenger, and various stomach problems
[9]. Since C. decidua exhibits activity against microbes [10], there is
a possibility that its endophytes could be involved either directly or
indirectly in various pharmaceutical activities.

© 2025 Sudesh Kumari, ef al. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-
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Table 1: Endophytic bacteria and their plant sources.

Sample Endoph}:tlc Plant source with local name Plant

No. Bacteria part
1 Sample (A21) PP “g’zg"e‘i;’z"l’(shi"r“k') Seed
2 Sample (B22)  C9PP a’éﬁgﬁgg”ﬁgomk‘) Seed
3 Sample (C/23) Capparis deciduas (Forssk.) Seed

Edgew& Kher

2. MATERIALS AND METHODS

2.1. Collection of the Plant Sample

The healthy plant Capparis decidua (Forssk.) Edgew. (confirmed
at https://www.gbil.org) was collected from Satnali village in
Mahendragarh district (28°23'0" N, 75°58'0" E), Haryana. Plant
leaves, seeds, and stems were cut with sterile scissors, collected in
zip-lock bags, and carefully transported to the laboratory for further
experimental work.

2.2. Isolation and Purification of Bacterial Endophytes

The origin of the endophytic bacterial strains is summarized in Table 1.
These strains were isolated as described by Duhan et al., 2020, with
some modifications. Plant leaves, stems, and seeds were washed
under running tap water for 5 min, then rinsed with a mild detergent
and washed twice more with distilled water. Then, the plant leaf and
seed were immersed in 70% ethanol for 5 min, followed by soaking
in a sodium hypochlorite solution (0.9%) for 15 min, after that they
were washed three times with sterile distilled water. Plant leaves,
stems, and seeds were drained or immersed in sodium bicarbonate
solution (10%) for 15 min to inhibit any endophytic fungal growth
[11]. Plant leaves, stems, and seeds were dried, aseptically cut into
small pieces, placed on Petri dishes containing LB (Luria Bertani)
agar supplements, and incubated at 37°C for 72 h. A control Petri
dish containing only LB media and without endophytic extract was
also included to check purity. The absence of growth in the control
indicated a lack of contamination. Bacterial isolates were sub-cultured
on fresh plates until monocultures were obtained, which were used
to characterize bacterial strains by morphological, biochemical, and
genotypic methods.
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Table 2: Qualitative screening of metabolites in ethyl acetate extracts of
endophytic bacteria.

Bioactive Observations
compound Method for positive
: analysis analysis
Addition of 2-3 di f Meyer’
1 Alkaloids rHon o 10ps OT MIEYer's Precipitation
reagent to endophyte extract
Addition of 2 drops of 1% NaOH,
. . Yellow
2 Flavonoids few drops of dilute HCI to 1 mL .
coloration
endophyte extract
. Addition of 2 drops of olive oilto 1 =~ Formation of
3 Saponins
mL endophyte extract foam
Addition of 1 mL acetate,
4 Steroids followed by adding 2-3 drops of Brown-y.ellow
concentrated H2SO4 to ImL of formation
endophyte extract
. Addition of 2-3 drops of FeCI2 to 1 Black-green
5 Tannins
mL endophyte extract color

) B) ©

Figure 2: Purified endophytic bacterial strains after sub-culturing (A) Extract
A (B) Extract B (C) Extract C.

2.3. Bacterial Identification

2.3.1. Morphological and biochemical screening

The isolated bacteria were sub-cultured and examined for the color,
shape, and size of the colonies. Further Gram staining was performed
using a commercially available Gram staining kit (HiMedia, K001-
1KT). Various biochemical characterization tests, such as carbohydrate
fermentation, buffered glucose broth test (MR-VP), catalase test, citrate
test, and protease test, were performed, and the bacterial samples were
identified using Bergey’s Handbook of Systematic Bacteriology [11].

(A) (B) ©)

Figure 1: Endophytic bacterial growth from the inoculated plant seed and
bacterial sub cultivation at 37 °C for 72 h. (A) Plant part inoculated on
Nutrient agar (B) endophytes growth (C) Sub culturing of bacterial isolates.

Figure 3: Field emission scanning electron microscopy showing the spherical
morphology of Staphylococcus sp. endophytic bacteria: (A) Extract A/21 (B)
Extract B/22 (C) Extract C/23 at 20,000 X magnification.
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Table 3: Morphological and biochemical characteristics of the endophytic
bacterial isolates of Capparis decidua.

Characteristic Sample-A  Sample-B  Sample- C

Color of bacterial isolates Yellow- Whitish Yellow-
golden golden

Shape of the colony Spherical Spherical Spherical

Size of colony Large Large Large

Catalase Test Mild Mild Mild

Phenol Red

Broth(Carbohydrate + + +

fermentation)

Protease - - -

Citrate - - _

Buffered Glucose Broth

(MR-VP) N " "

Notes: + shows positive results and — shows negative results.

2.3.2. Molecular characterization

Molecular characterization was done based on 16S rRNA sequence
phylogeny. The conserved 16SrRNA gene sequence was amplified from
extracted bacterial genomic DNAusing the universal forward primer27F
with sequence 5’-AGAGTTGATCCTGGCTCAG-3’ and the reverse
primer 1492R with sequence 5’-CGGTTACCTTGTTACGACTT-3".
Amplification was performed with 2 uL template DNA, 1 pL primer,
and 7 pL master mix, and the PCR cycle was performed. The quality of
the amplified product was checked on 2% agarose gel electrophoresis
with ethidium bromide staining, and endophytic extract purification was
performed using the QIAquick PCR Purification Kit from QIAGEN
(Cat. No. 28104). The PCR reaction for sequencing was performed in
the Applied Biosystems™ MiniAmp™ Plus Thermal Cycler using the
Big Dye™ Terminator V3.1 kit. The software DNA STAR was used
to generate contigs, and results were verified by comparing the contigs
to the NCBI Gen Bank database using the nBLAST tool.2.4. Field
Emission Scanning Electron Microscopy (FESEM)

FESEM was performed as described by Photolo et al. [12]. Briefly,
endophytic bacterial isolates were grown in Luria broth at 32°C with
shaking at 170 rpm for 24 h and centrifuged at 10,000 rpm for ten
min. The pellet was collected, and the cells were washed with distilled
water. The pellet was then fixed with a mixture of 1% formaldehyde
and 2% glutaraldehyde (1:1 v/v) at 25°C for 1 h. Fixation was followed
by centrifugation at 10000 rpm for 10 min. The supernatant was then
discarded, the pellet rinsed with distilled water, and dehydrated by
treatment with ethanol at increasing concentrations (30%, 70%, 90%,
95%, and 100%). The endophytic extract was kept open at 4°C for 12
h and mounted on SEM stubs. The endophytic extract was then coated
with gold for 2 min using a JEOL Smart Coater and assayed using a
FESEM (7610F Plus/JEOL).
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Figure 4: Comparison of total phenolic content (TPC) and total flavonoid
content (TFC) in endophytic extracts, presented as mean =+ standard deviation
of triplicate specimens. TPC values are expressed as Gallic acid equivalent
(GAE) g-1 dry weight, while TFC values are expressed as quercetin
equivalent (QE) g-1 dry weight.

2.5. Extraction of Bioactive Metabolites From Bacterial
Endophytes

Selected bacterial strains were cultivated in Luria Broth and cultured
at 37°C for 72 h and at 120 rpm in a shaking incubator. The culture
was then transferred to a 50 mL Falcon tube and centrifuged at 10,000
rpm for 10 min to recover the cell pellet. The pellets were suspended in
ethyl acetate solvent and incubated for one day at 30°C. The following
day, the endophytic extract was lysed by sonication for 30 min at 5
min intervals. The tubes were then centrifuged (10,000 rpm) for 10
min. In Falcon tube (A), the organic supernatant was collected, and the
extraction solvent was added to the remaining pellet and centrifuged
at 10,000 rpm for 10 min. A centrifuge tube was used to collect the
supernatant (B). Both solvents (A) and (B) were combined, and the
pellet was discarded. A crude extract of the bioactive compounds was
obtained by evaporating the solvent at room temperature. Dimethyl
sulfoxide (DMSO) was used to dissolve the bacterial extract [13] and
stored at 4°C for further experiments.

2.6. Quantitative and Qualitative Screening

2.6.1. Qualitative analysis
Qualitative screening for alkaloids, flavonoids, saponins, steroids, and
tannins is summarized in Table 2 for further experimental work.

2.6.2. Quantitative analysis

The Folin-Ciocalteu method was used to determine the total phenolic
content (TPC) in endophytic extract. The absorbance was measured
with a spectrophotometer at 765 nm. The TPC was expressed as
mg gallic acid equivalents (GAE) per gram of dry weight [14].The
colorimetric method with aluminum chloride (AICL, was used to
determine the total flavonoid content of the extract. For each sample,
15 pL of bacterial extract (5 mg/mL dry weight) was mixed with
30 pL of absolute methanol, 3 uL of 10% AICI,, 3 uL of potassium
acetate, 20 pL of 1% sodium hydroxide, and 30 pL of distilled water

Table 4: Endophytic bacterial isolates, identified to their genus and species by 16S rRNA sequencing. The deposit numbers and their matches are indicated for

clarity.

Endophyte Isolates Primer pair Organism
Seq-1(A/21) 27F/1492R Staphylococcus pasteuri
Seq-2(B/22) 27F/1492R Staphylococcus warneri
Seq-3(C/23) 27F/1492R Staphylococcus sp.

om0 et N1
MH174447.1 97 OP572265
OM604759.1 99.78 OP572266
MH707151.1 99.86 OP572267
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Table 5: Qualitative analysis of secondary metabolites in endophytic
bacterial extracts.

Bioactive compound test 2111 2211 2311
Alkaloids + + -
Flavonoids + + +
Saponins - + -
Steroids + - -
Tannin - - .

Notes: The (—) and (+) represents the absence and presence of respected bioactive
compound.

*2111- Extract A/21 prepared in ethyl acetate solvent, 2211- Extract B/22 prepared in
ethyl acetate solvent, 2311- Extract C/23 prepared in ethyl acetate solvent.

and incubated for 30 min at room temperature. The absorbance was
measured at 417 nm. TFC (total flavonoid content) was expressed as
mg of quercetin equivalents (QE) per gram of dry weight [15].

2.7. Antifungal Potential

Antifungal activities were confirmed by two different methods: the
disk diffusion method and the minimum inhibitory concentration
(MIC) of all bacterial extracts as described by Elooff, 1998, with
some modifications [16]. Briefly, sterile 96 microtiter plates were
filled with 50 pL of sterile Sabouraud dextrose broth (SDB). 50 pL of
the endophytic bacterial extracts (100 pg/mL) were added to the first
column of the microtiter plate. 50 pL of 100 pg/mL of amphotericin B
(positive) and sterile distilled water (negative) were added as controls.
Similarly, the culture control SDB for each microorganism was taken
as the reference point for the growth indicator. The tested fungal
strains were diluted with saline (0.85%) to achieve an approximate

© (D)

Figure 5: Antimicrobial activity of endophytic extracts (2111, 2211, 2311)
and control (C) against Candida strains: (A) C-1 (Candida albicans),
(B) C-2 (Candida parapsilosis), (C) C-4 (Candida glabrata),

(D) C-5 (Candida krusei).

Table 6: Minimum inhibitory concentration (MIC) of endophytic extracts
and positive control (amphotericin b) against fungal strain reported as mean
+ standard deviation (ug/mL).

Tested Endophytic crude extracts (ug/mL) Antibiotic
fungal Control
—— 2111 2211 2311 (ng/mL)
Candida 2084491 13.02+45 651+225  20.84+9.1
albicans

Candida 01401 1300445 651+225 2084491
parapsilosis

Candida 166+72.17 20.84+9.1 2084=9.1  20.84=9.1
glabrata

Candida 2084+9.1 2084+9.1 8333+36.08 83.33+36.08
krusei

concentration of 1x105 CFU/mL, and then 10 pL was added to all
wells. The fungal strains used to test the efficacy of the endophytic
extracts were C. albicans (ITCC 4718), C. parapsilosis, C. glabrata
and C. krusei. The microtiter plates were incubated at 37°C for one day.
After incubation, 10 pL (1 mg/mL) of resazurin solution (HiMedia)
was added to each well to determine cell viability and incubated for
2 h. The lowest concentration showing no microbial growth (pinkish-
purple color) is considered as the MIC point for the extract.

For the disk diffusion assay, the method of Chhillar et al., 2009, was
used with modifications. Briefly, 20 pL of fungal suspension (1x10"5
CFU/mL) was added to a petri dish containing potato dextrose agar
(PDA). Then, the disks were impregnated with 20 pL of endophytic
isolates (0.1 mg/mL) and amphotericin B solution (HiMedia) as a
positive control. The test disks were placed on the plates and incubated
at 32°C for 24 h [17]. Antifungal activity was determined by measuring
the clear zone of growth inhibition.

2.8. Free Radical Scavenging Activity

The antioxidant activity of the bacterial extracts in different solvents was
measured by their free radical scavenging ability using 2,2-diphenyl-
1-picrylhydrazyl (DPPH) as described by Takao et al., 2015 with some
modifications [18]. In summary, different concentrations (100, 80, 60,
40, 20, 0 pg/mL) were added to each endophytic extract and solvent to
obtain a final volume of 100 pL for each of the above concentrations,
and 200 pL of 0.3 mM DPPH was added and incubated for 30 min in the
dark, and further absorbance was measured at 517 nm using UV-VIS
spectrophotometer. Radical scavenging activity was determined as a
percentage of DPPH using the following equation:

Radical scavenging activity (%) = (A of control- A of endophytic
extract)/ A of controlx 100

Here, A = absorbance

The mean value of the radical scavenging concentration (%) of
each extract concentration was calculated from three independent
endophytic extracts. The IC,, (inhibitory concentration that scavenges
50% of DPPH radical) was determined using a linear equation, and the
result was expressed in pg/mL of bacterial extract. Ascorbic acid was
used as a control for radical scavenging

2.9. Bioactive Metabolites Profiling

Bioactive metabolites were identified by Fourier Transform Infrared
(FTIR) and Gas chromatography-mass spectroscopy (GCMS) studies.
The endophytic extracts were analyzed using a Nicolet iS50 FTIR
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Table 7: Endophytic bioactive metabolites with antifungal and antioxidant potential identified through GC-MS analysis.
Mol. Structure

Sample

Endophytic
extract (A),
2111

Endophytic
extract (B),
2211

Endophytic
extract (B),
2211

RT

8.086

11.377

8.634

4.940

5.894

19.639

21.488

10.460

12.482

9.565

7.804

10.126

15.200

15.813

13.148

Bioactive compounds

1-Dodecanol

Ageratochromene

B-cis- Caryophyllene

Butyric Acid

NonanoicAcid

1,2-BenzenedicarboxylicAcid

13-Docosenamide, (Z)

Diethyl Phthalate

Pyrrolo[1,2-a]pyrazine-1,4-
dione, hexahydro-

2,4-Di-Tert-Butylphenol

DL-Pyroglutamic acid

4-Aminobenzoic Acid

NonanoicAcid

n-Nonadecanol-1

3-Isobutylhexahydropyrrolo
[1,2-a]pyrazine-1,4-dione

SI

83

90

75

81

74

89

84

80

92

85

74

78

75

94

83

Area%

0.21

1.06

0.16

0.09

0.65

0.62

1.88

1.06

2.74

0.79

0.05

1.47

0.12

1.46

8.57

MF

CIZH2603

CHO

CQH1802

CZAI-gBOAl

C,H,NO

227743

1277144

C7H10N O

272

147722

CHNO,

CHNO,

CH,O.

9182

197740

C . H .NO

177187272

MW

186

220

204

88

158

390

337

222

154

206

129

137

158

240

210

Bioactivity

Anticandidal
activity[29]

Antifungal [30]

Antiphytopathogenic
activity and
Antioxidant

[31,32]

Antifungal [33]

Antifungal [34]

Antibacterial,
Antifungal [35]

Antibacterial,
Antifungal [36]

Antibacterial and
cytotoxic activities,
Antioxidant and
antifungal [37]

Antibacterial and
antioxidant [38,39]

Antioxidant [40]

Antibacterial,
Antifungal [41]

Antibacterial,
Antifungal [42]

Antibacterial and
antifungal [43]

Antibacterial and
antifungal [35]

Antifungal,
Antibacterial and
cytotoxic activity [44]

(Continued)
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Table: 7 (Continued)

Sample RT Bioactive compounds SI Area%
14.940 n-Tetracosanol-1 91 0.36
2,5-Piperazinedione,3,6-bis
16.553 (2-methylpropyl)- 84 1.00
Pyrrolo[1,2-a]
12511 pyrazine-1,4-dione,hexahydro- % 6.44
21.490 9-Octadecenamide 92 3.11
Common
Amon Pyrrolo[1,2-a]
all threge 18.485 pyrazine-1, 4-dione, 90 14.40
sample hexahydro-3-(phenylmethyl)-
11.990 Uric acid 77 3.04

MF MW Mol. Structure Bioactivity
C,JH,0 354 SASANSANAS Antioxidant [45]
C H,N,0, 226 )\j;‘/ﬁ\m/ Antioxidant [46]
" Antibacterial and
CHMN0, 134 ¢3 antioxidant [38,39]
P
CHNO 281 ==X Antioxidant [47]
CHNO, 244 Q/é(k@ Antifungal [48]
OH
CHN,O 168 ”/S/i%: Antioxidant [49]
tioxidant
5t N4 | o
HO)\ N/ N

spectrometer, and OMINC 8 spectrum software was used for analysis
to determine the composition of bio-metabolites. A small amount of
the extract was placed in the attenuated total reflectance (ATR) head of
the FTIR spectrometer, and spectra were recorded over a wave-number
range of 500 to 4000 cm™! with a resolution of 4 cm™".GC- MS analysis
was performed using a Shimadzu GC-MS-QP plus with a thermal
desorption system TD 20 under the following conditions. Helium gas
at a flow rate of 1.21 mL/min was used to separate the metabolites, and
an injection volume of 1 pL was injected in split mode. The injector
temperature was maintained at 260°C, and the column temperature
was programmed at 100°C for 2 min and then ramped at 300°C for
18 min. Mass detector settings included an ion source temperature
of 220°C, an interface temperature of 270°C, an ionization energy of
70 eV, and a scan time of 0.2 seconds. The obtained spectra of the
metabolites were identified by comparison with the mass spectra of the
integrated libraries, such as GC-MS NIST.14 and WILEYS.

Statistical tool: We collected statistical data from all inoculation
studies, which were performed in triplicate for each treatment. All
results were expressed as mean + standard deviation using Origin and
Graph Pad Prism 9 software.

3. RESULTS

3.1. Isolation and Identification of Bacterial Endophytes

In this study, a total of 15 endophytic bacterial isolates were isolated
and purified from different parts of the shrub, including the leaves,
stems, and seeds of Capparis decidua (Forssk.) Edgew, as depicted
in Figures 1 and 2. However, among all the purified isolates, only
three showed considerable bioactivity. Therefore, these three plant
seeds were further characterized by morphological, biochemical, and
genomic sequencing using 16S rRNA sequencing.Morphological
and biochemical identification was performed, and the differences

in texture, color, type, shape, and size of colonies were observed
and summarized in Table 3. The endophytic bacterial isolates were
spherical, Gram-negative, and formed grape-like clusters as observed
by FESEM, as shown in Figure 3. The information obtained from the
morphological identification of the bacterial endophytes confirmed the
identification at the molecular level by 16S rRNA sequencing, which
revealed species-specific sequences. Therefore, it was concluded that
the bacterial identification was correct [11].Sequencing of the genome
of the endophytic bacteria was performed using Oxford nanopore
technology (ONT), and 16S rRNA sequencing was conducted using
the Sanger method. The identified bacterial isolates are listed in
Table 4 along with their BLAST homology searches and Genbank
accession numbers. The sequences of the isolated endophytic strains -
Staphylococcus pasteuri, Staphylococcus warneri, and Staphylococcus
sp. were deposited with NCBI under accession numbers OP572265,
OP572266, and OP572267, respectively.

25

M Candida albicans

¥ Candida parapsilosis
W Candida glabrata
W Candida krusai

— %)
w o

=)

Zone of Inhibition (mm)

2111 2211 2311
Endophytic Extracts

Control

Figure 6: Zone of inhibition in mm (mean £ SD) of control and endophytic
extracts against phytopathogenic fungi
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Figure 7: DPPH radical scavenging activity (%) of ascorbic acid and ethyl
acetate solvent extracts of Staphylococcus pasteuri (2111), S. warneri (2211),
and Staphylococcus sp. (2311).

3.2. Quantitative and Qualitative Screening

We thoroughly analyzed the endophytic extracts using both quantitative
and qualitative methods. The qualitative analysis for bioactive compounds
is shown in Table 5. The total content of flavonoids and phenols in the
endophytic bacterial extracts is summarized in Figure 4. Medicinal
plants contain a group of polyphenolic flavonoids that provide various
health benefits, including combating pathogenic fungi and bacteria,
preventing cancer and inflammation, and acting as antioxidants and
antiviral agents. They have also been shown to be effective against
allergies. Additionally, alkaloids possess veterinary, pharmacological,
and medicinal properties [12].

Endophytes have evolved to produce secondary metabolites that help
them thrive in host tissues and ensure their survival. These metabolites
can also help the host plant adapt to and withstand stressful conditions.
The presence of secondary metabolites in bacterial extracts indicates
their therapeutic potential for their hosts, making them valuable
resources for medical research.

3.3. Evaluation of Antifungal Activity

We investigated the efficacy of three endophytic bacterial strains in
four solvent extracts against Candida albicans (SC5314), Candida
parapsilosis, Candida glabrata and Candida krusei through a disk
diffusion assay to determine their antifungal properties. Endophytic
isolates extracted with ethyl acetate showed the greatest antifungal
activity against all tested Candida strains, as depicted in Figures 5 and 6.
Minimum inhibitory concentrations of crude extracts are summarized
in Table 6. Ethyl acetate extract of endophytic extract A (2111)
exhibited antifungal activity against C. albicans at 20.84 £ 9.1 g/
mL. Whereas, endophytic extract B ethyl acetate (2211) showed potent
activity against C. albicans and C. parapsilosis with MIC of 13.02
+ 4.5, 13.02 £ 4.5 to 20.84 + 9.1 pg/mL, respectively, compared to
control. Endophytic extract C extract (2311) demonstrated the highest
antifungal activity against C. albicans with an MIC of 6.51 + 2.25 nug/
mL to the control MIC of 20.84 £ 9.1 pg/mL.

3.4. Antioxidant Property

The antioxidant activity varied significantly among ethyl acetate
solvent extracts and their concentrations. The percentage inhibition
increased with the concentration of the extracts. Among all the extracts,
those from Staphylococcus pasteuri exhibited the highest inhibition as
depicted in Figure 7.

B Standard —
2111

2211
2311

Endophytic extracts

Figure 8: IC,, values (ng/mL) of ascorbic acid and different solvent extracts
of Staphylococcus pasteuri (2111), S. warneri (2211), and Staphylococcus
sp. (2311). Statistical significance was determined using ANOVA, with
differences considered significant at p < 0.05.

Antioxidants are metabolites that scavenge reactive oxygen species.
In our study, the antioxidant activity of crude extracts of endophytic
bacteria in ethyl acetate solvent, along with a standard antioxidant,
ascorbic acid, was investigated at concentrations ranging from 20
pg/mL to 100 pg/mL and their ability to scavenge free radicals was
assessed, and the IC, values were calculated, as shown in Figure 8.

The results indicated that extract B (2211) has the highest IC;, values
of 186.73 + 1.30 while extract A (2111) has the lowest ICy, values
of 94.01 + 1.40, compared to the standard with an IC;, of 41.60 +
1.13. Interestingly, the phenolic content in the crude extracts correlates
with significant antioxidant activity in the DPPH assay, supported by
our GC/ MS results, which identified various phenolic compounds.
Previous research has demonstrated that phenolic compounds possess
optimal structural chemistry for radical scavenging activity [12].

Furthermore, this property aligns with the presence of flavonoid
compounds identified in the biochemical analysis in Figure 4. Flavonoids
have also been shown to play a significant role in minimizing the rate
of lipid peroxidation, acting as both primary and secondary antioxidants
[19]. Extracts from the bacterial endophyte Methylobacterium
radiotolerans MAMP 4754 have similarly exhibited radical scavenging
activity, attributed to the presence of flavonoids [12].

3.5. Bioactive Metabolite Analysis

3.5.1. FTIR analysis

From FTIR results, all three endophytic extracts 9-10 peaks, with
prominent peaks observed at 1704-1709, 1367-1376, and 1249-1258
cm™! as illustrated in Supplementary Figures 1-3. The peak at 3396
cm™! corresponds to the N-H stretch of the amines. The O-H stretch
and the H-bond of the phosphorus were identified at 2607 cm™'. Peaks
at 1709 cm™ are attributed to the C=0 stretching of ketones. The peaks
at 879 and 1379 cm™, correspond to C-C stretching and symmetrical
C-H bending in alkane, respectively. The C-O stretching of alcohols
and phenols was detected at 1005 cm™. Peaks at 1249 cm™ and 1047
cm™' arise from asymmetrical C-O-C stretching and symmetrical
C-O-C stretching in ether and epoxides, respectively. The peak at
604.102 cm™! corresponds to C-Cl stretching in alkyl halide.

3.5.2. GC-MS analysis

GCMS chromatogram analysis revealed the identification of more than
fifty compounds in each endophytic extract, with details of endophytic
metabolite name, retention times, and area percentage described
in Supplementary Figures 4-6, and Supplementary Tables 1-3. The
analysis of volatile compounds in bacterial endophyte extracts
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indicates the presence of a variety of metabolites responsible for
various bioactivities, including antifungal and antioxidant properties.
Common metabolites found across all endophytic extracts included
Pyrrolo [1, 2-a] pyrazine-1, 4-dione, hexahydro-3-(phenylmethyl)
(C, H,N,0,)and Uric acid (C,H)N,O,), which exhibited antifungal

1477162 g 54
and antioxidant potential.

While the endophytic extracts contained numerous bioactive metabolites,
atable listing active metabolites with bioactive potential based on previous
data is provided in Table 7. The identification of volatile metabolites
responsible for these activities was validated based on their retention time,
molecular weight, molecular formula, and peak area.

In our study, the major volatile compounds such as ageratochromene
(1.06%), 13-Docosenamide, (Z) (1.88%), Diethyl Phthalate (1.06%),
Pyrrolo [1,2-a] pyrazine-1,4-dione, hexahydro (2.74%),4-Aminobenzoic
Acid (1.47%), n-Nonadecanol-1(1.46%),3-Isobutylhexahydropyrrolo
[1,2-a] pyrazine-1, 4-dione (8.57%), Pyrrolo[1,2-a]pyrazine-1, 4-dione,
hexahydro (6.44%), 9-Octadecenamide (3.11%) were identified.
These compounds are responsible for the observed bioactive properties,
such as antifungal and antioxidant activities.

4. DISCUSSION

Capparis decidua (Forssk) Edgew has a rich history in traditional
medicine, supported by documented pharmacological activities
[9], highlighting its significant potential for exploration in the
pharmaceutical, agricultural, and industrial sectors. Dos Reis et al.
(2019) investigated the antifungal properties of endophytic extracts
from Solanum americanum Mill against Candida strains, with
MICs ranging from 3.9 to 250 pg/mL across different solvents [27].
Similarly, Photolo et al. (2020) examined the efficacy of an endophytic
crude extract (M. radiotolerans MAMP 4754) from Combretum
erythrophyllum seeds against Candida albicans, reporting an MIC
of 125 pg/mL [12]. In contrast, Das et al. (2018) studied endophytic
bacteria extracts from Dryopteris uniformis, noting an MIC of 252
ug/mL against Candida albicans [5], whereas our study observed a
significantly lower MIC of 6.51 + 166 pg/mL against Candida strains.

Endophytes are valuable sources of bioactive compounds, producing
secondary metabolites similar to those found in their host plants without
causing harm. These metabolites include antimicrobial and antioxidant
agents essential for the endophytes’ survival within the host plant [20].
Numerous studies have focused on extracting endophytic bacteria
from medicinal plants to explore their antimicrobial and antioxidant
properties. Additionally, endophytes play crucial roles in agriculture
by enhancing plant growth, boosting immunity, and outcompeting
plant pathogens through niche competition and phenylpropanoid
metabolism [21].Research highlights the abundance of bioactive
secondary metabolites in microbes, such as alkaloids, flavonoids,
terpenoids, phenols, or indoles, which can penetrate cell membranes and
interfere with specific signal transduction pathways in host organisms,
affecting their physiology [22]. For instance, Peng et al., 2021, isolated
Streptomyces typhae from Typha angustifolia L. and demonstrated its
antifungal activity [23]. Similarly, various endophytic bacteria isolated
from Drypteris uniformis (Makino) exhibited anti-candidal activity
against Candida saitoana (KACC 41238), C. albicans (KACC 30003),
C. albicans (KACC 30062), C. glabrata (KBNO6P00368) and C.
glochares (KACC 30061) [24]. Moreover, the choice of solvent system
significantly influences the antifungal activity of crude extracts from
isolated endophytes, necessitating the use of different solvents with
varying polarities for effective extraction [25]. Previous studies have
documented the antifungal properties of endophytic bacteria from
diverse plant species such as Calotropis procera, Datura stramonium,
and Morus macroura Miq. [24,26,27]. In our study, members of the

Staphylococcus genus showed substantial antifungal activity, with
compounds like Pyrrolo [1,2-a] pyrazine-1,4-dione, hexahydro-3-(2-
methylpropyl), Ageratochromene,9-Octadecenamide and uric acid
identified as responsible for this activity. Furthermore, Photolo et al,
2020, also reported on the antimicrobial and antioxidant potential of
secondary metabolites from Methylobacterium radiotolerans MAMP
4754, corroborating our findings [12]. These consistent results support
the promising development of endophytic bacterial extracts for
pharmaceutical applications. However, further research is needed to
fully understand endophytes, their secondary metabolites, and their
mechanisms of action.

5. CONCLUSIONS

Endophytic bacteria, namely Staphylococcus pasteuri, Staphylococcus
warneri and Staphylococcus sp. were isolated from fresh seeds of the
plant Capparis decidua (Forssk.) Edgew. and demonstrated significant
antifungal and antioxidant activities. This underscores the potential
of endophytes to contribute to the therapeutic effects observed in
medicinal plants, potentially through their own metabolites [28].
The ethyl acetate extract of the endophyte exhibited robust in vitro
inhibitory activity against Candida strains. Moreover, the bacterial
extracts displayed notable free radical scavenging activity, further
highlighting their potential in antioxidant therapy. Analysis of the
bioactive compounds in these bacterial extracts identified alkaloids,
flavonoids, steroids, and saponins, which are known for their diverse
agricultural and pharmaceutical applications. Screening of the ethyl
acetate extract also revealed a variety of metabolites previously
reported for their beneficial properties. Continued research on bacterial
endophytes holds promise for elucidating their biosynthetic pathways
and understanding the mechanisms of action of these bioactive
compounds. This knowledge could pave the way for the development
of new therapeutic drugs with enhanced efficacy and safety profiles.
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