Devi et al | Article 10717 e A =B &
J Pure Appl Microbiol. 2025;19(4):2757-2767. doi: 10.22207/JPAM.19.4.11 O
Received: 22 June 2025 | Accepted: 02 September 2025
Published Online: 09 October 2025 P prrr——

P-ISSN: 0973-7510; E-ISSN: 2581-690X

RESEARCH ARTICLE OPEN ACCESS

Detection and Characterization of Bioactive Fraction
with Antimicrobial and Antioxidant Properties from
Syzygium cumini Leaves

Haorongbam Joldy Devi'(", Prathiba Gnanasekaran?* (", Yumnam Asha Devi'(,
Durai Saravanan3(, Thiyagarajan Gopal*(®), Venkataraman Balakumar*(,
Abdullah Mohammed Ayedh Al-adhreai*"’, Christopher Rachel Chella Rani?(,
Bakia Lakshmi Roopika?(" and Dhivakar Preethi Yazhini?

!Department of Microbiology, Sathyabama Institute of Science and Technology, Jeppiaar Nagar,

Chennai, Tamil Nadu, India.

’Department of Microbiology, Sathyabama Dental College and Hospital, Jeppiaar Nagar, Chennai,

Tamil Nadu, India.

3Centre for Laboratory Animal Technology and Research, Sathyabama Institute of Science and Technology,
Jeppiaar Nagar, Chennai, Tamil Nadu, India.

“Department of Prosthodontics, Sathyabama Dental College and Hospital, Jeppiaar Nagar, Chennai,

Tamil Nadu, India.

*Centre for Molecular and Nanomedical Sciences, Sathyabama Institute of Science and Technology,
Jeppiaar Nagar, Chennai, Tamil Nadu, India.

Abstract

The present study focused on identifying antimicrobial and antioxidant bioactive fraction from Syzygium
cumini leaf extract. Initial screening through contact-thin layer chromatography (TLC) bioautography
identified active regions, which were subsequently subjected to partial purification by preparative
TLC (PTLC). This partially purified fraction was characterized using UV-Visible (UV-Vis) Spectroscopy,
ATR-FTIR, and GC-MS. Antimicrobial activity against Staphylococcus aureus and Mucor species was
evaluated using the disc diffusion assay, while antioxidant potential was assessed through the DPPH
radical scavenging assay. The solvent system containing ethyl acetate, acetic acid, formic acid, and water
(7:1:3:2.5) successfully separated a distinct chromatographic spot exhibiting antimicrobial activity.
UV-Vis analysis exhibited a A peak at 224 nm. ATR-FTIR spectra revealed the presence of functional
groups, including O-H (phenols), C=C (aromatic rings), and C=C (alkynes), suggesting a phenolic nature
of the compounds. GC-MS analysis identified 17 compounds within this bioactive fraction. Notably,
this purified fraction demonstrated significant antimicrobial properties, with inhibition zones of 21.77
+ 0.68 mm against S. aureus and 24.93 + 0.80 mm against Mucor sp., and also possessed significant
antioxidant activity (IC_; value of 56.75 pg/mL).
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INTRODUCTION

Plants represent a prolific reservoir
of bioactive lead compounds and molecular
scaffolds with considerable therapeutic and
nutraceutical potential.! Various parts of the
plant not only contribute to the human diet but
also serve as pharmacologically safe sources
for the prevention and management of a wide
spectrum of human diseases.? In the current era,
interest in plants has seen a notable resurgence
and continues to grow, with the pharmaceutical
industry increasingly acknowledging plants
as a valuable source of structurally diverse
lead compounds for drug discovery.® Notably,
natural products have been associated with the
development of approximately 44% of newly
approved pharmaceuticals, frequently serving as
scaffolds for the development of semi-synthetic
derivatives.* In pursuit of bioactive compounds,
numerous research efforts have focused on the
systematic screening of plant extracts to detect
secondary metabolites with interesting biological
properties.®* Rapid detection and screening of
bioactive compounds are pivotal in natural
product research. Traditional methods, which
involve isolating compounds and subsequent
activity testing, can be inefficient, especially
when bioactive compounds are present in
low quantities or lose their activity during
isolation.® Therefore, rapid and accurate screening
techniques are vital for identifying bioactive
substances and ensuring quality control. Thin
layer chromatography bioautography offers a cost-
effective, sensitive, and reliable approach with
fast-paced development to isolate and evaluate
bioactive components. Combining TLC separation
with bioactivity assessment, this technique
enables the localization of active compounds and
is widely employed for detecting antibacterial,
antifungal, antioxidant, and enzyme-inhibitory
activities.®

Antimicrobials are the substances
obtained naturally, synthetically, or semi-
synthetically that inhibit the growth or viability
of microorganisms.” Antibiotics are commonly
used for the treatment of bacterial infections
in humans and animals.® Despite existing
antimicrobial agents, the continuous emergence
of resistant microorganisms underscores the

critical necessity for the finding and advancement
of novel drugs.® Overuse, misuse, and genetic
mutations in microbial populations contribute
to the development of drug-resistant pathogens,
rendering antibiotics ineffective.® Fungal and
bacterial pathogens are responsible for severe
infectious diseases in humans and animals,
and among immunocompromised individuals.?
Antibiotic-resistant infections lead to substantial
morbidity, mortality, and economic burdens
on global healthcare systems.'®!! The growing
ineffectiveness of antibiotics and increasing
antibiotic resistance in pathogenic bacteria has
intensified the exploration of plants as promising
sources for novel antimicrobials to combat
resistant pathogens.*

Free radicals are unstable molecules
with an unpaired electron in an atomic orbital,
which makes them highly reactive as they seek
to pair the electron by interacting with other
molecules. These highly reactive species can act as
either oxidizing or reducing agents by transferring
electrons to or from other molecules.?® In
addition to the normal metabolic processes
occurring within the body, external factors such
as exposure to ionizing radiation, air pollution,
tobacco smoke and hazardous chemicals can
also produce free radicals and reactive oxygen
species (ROS).™ Excessive free radical production
can lead to secondary cellular damage as well as
direct oxidative damage to critical biomolecules.®
Antioxidants play a critical role in mitigating the
development of various diseases, including cancer,
cardiovascular conditions, neurological disorders,
aging and inflammation. Natural plant-derived
compounds are considered potent antioxidants,
offering protective effects against the cellular
damage induced by free radicals.*®

S. cuminiis an indigenous to tropical Asia,
particularly India. This plant is widely recognized
for its diverse pharmacological potential, primarily
due to the diverse bioactive constituents present
in its various parts.’” The leaves are utilized in
the treatment of skin disease, stomach problem,
constipation, white discharge, and diabetes,
with their ash employed to strengthen teeth
and gums, dysentery, paediatric diarrhoea.'®%?
Pharmacological research has highlighted its
antioxidant,?® antibacterial,?*?? antifungal,*
antihyperglycemic,?® anti-inflammatory

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Devi et al | J Pure Appl Microbiol. 2025;19(4):2757-2767. https://doi.org/10.22207/JPAM.19.4.11

activities,?** underscoring the need for continued
screening of natural sources for new therapeutic
leads. The present study focuses on isolating
antimicrobial active fraction, purify them, and
characterizing them through UV, FTIR, and GC-
MS analyses, followed by evaluation of their
antimicrobial and antioxidant potential.

MATERIALS AND METHODS

Plant extraction procedure

Leaves of S. cumini were collected from
Perumbakkam, Chennai, Tamil Nadu and were
authenticated by Dr. P. Palani at the Centre for
Advanced Studies in Botany, University of Madras,
Chennai, Tamil Nadu. A voucher specimen has
been deposited under the reference number
MUBL1135. Then, leaves of S. cumini were properly
washed with distilled water. The cleaned leaves
were then shade-dried at room temperature to
preserve sensitive phytoconstituents. The leaves
were ground into powder using a grinder. Precisely
5 grams of the powdered leaf material was mixed
with 50 mL of distilled water and subjected to
aqueous extraction at 60 °C for 2 hours. Then, the
extract was filtered, and stored in sterile, airtight
containers at 4 °C for further study.?

Separation, detection and purification of
antibacterial and antifungal fraction
Analytical TLC (ATLC) for the separation of fraction
ATLC was performed using silica gel 60
F,., plates. Freshly prepared S. cumini leaf extract
was carefully spotted onto the silica surface and
allowed to air-dry. The chromatographic plates
were then developed using different solvent
systems as mobile phase, including Toluene:
Ethyl acetate: Formic acid (T:EA:FA) in the ratio
of 7:2:1, Chloroform: Ethyl acetate: Formic acid
(C:EA:FA) in the ratio of 5:4:1, Ethyl acetate: Acetic
acid:Formic acid: Water EA:AA:FA:W in the ratio of
7:1:3:2.5, Chloroform: Methanol (C:M) in the ratio
of 4:1, Chloroform: Acetic acid: Methanol:Water
(C:AA:M:W) in the ratio of 64:32:12:8, and
Toluene: Ethyl acetate: Formic acid: Water
(T:EA:FA:W) in the ratio of 3:3:0.8:0.3. Each
chamber was pre-saturated with the respective
solvent system for 30 minutes to ensure optimal
resolution. After development, the plates were
dried at room temperature and the separated

fraction was visualized under visible light and
by exposure to iodine vapours. The retention
factor (Rf) value of the separated fraction was
subsequently calculated.®

Contact-TLC bioautography for antimicrobial
bioactivity detection

Contact bioautography was done
according to Annuryanti et al. with modifications
to evaluate the antimicrobial activity of the
fraction separated on the TLC plate.?® The
bioautographic evaluation was conducted using
Staphylococcus aureus and Mucor sp. as the
test organisms. Freshly prepared inocula were
standardized to a concentration of 1 x 10° CFU/
mL for S. aureus and 1 x 10° spores/mL for Mucor
sp. Uniform lawn cultures were made on sterile
Mueller-Hinton Agar (MHA) plates. The developed
TLC plates, containing the separated compounds,
were carefully placed in direct contact with
the inoculated agar surfaces, then, incubated
overnight at 37 °C for S. aureus plate, while the
Mucor sp. plate at room temperature for three
days. Then, inhibition zones (1Z), observed as clear
areas on the agar where microbial growth was
suppressed, indicated the presence of bioactive
antimicrobial compounds.

PTLC for Purification

Crude extract was introduced to a PTLC
glass plate (20 x 20 cm). After allowing the plate
to air-dry, chromatographic separation was
carried out using EA:AA:FA:W (7:1:3:2.5) as a
mobile phase (it had proven effective in resolving
bioactive antibacterial and antifungal fraction).
Then, the plate was kept inside a pre-saturated
glass chamber to ensure optimal separation,
then dried under ambient conditions. The
chromatographic band corresponding to the active
compound (based on Rf value consistency with
analytical TLC) was carefully scraped from the
plate. The collected silica containing the purified
fraction was suspended in distilled water, then,
centrifuged for 15 minutes at 12,000 rpm and
the supernatant was collected. Subsequently, it
was lyophilized to obtain the purified fraction in
dry form. This purified, dried sample was stored
under appropriate conditions for subsequent
characterization and bioactivity evaluation.?
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Characterization of Purified Fraction
UV-Vis Spectroscopy

The UV-Vis absorption spectrum of the
fraction was detected using a spectrophotometer
(Agilent Technologies, Cork, Ireland) over a
wavelength range of 190 to 600 nm. This spectral
range was selected to capture both the ultraviolet
and visible light regions, allowing for the detection
of characteristic absorbance peaks that may
indicate the presence of conjugated systems
or chromophoric functional groups typically
associated with phenolic or flavonoid compounds.
The observed absorption peaks were subsequently
analysed using Origin software to determine the
A, (maximum absorption wavelength), which
provides preliminary insight into the compound’s
structural features and electronic transitions.

FT-IR spectroscopy analysis

FTIR spectra of purified fraction from S.
cumini leaf extract was recorded using ATR-FTIR
spectrophotometer (Bruker Optik Alpha T with
ATR, Germany) region from 4000 to 500 cm™.

GC-MS analysis

GC-MS analysis was carried out to detect
the compound from the fraction. It was performed
using a GCMS-QP2010 Ultra system (Shimadzu,
Japan), equipped with an Rtx-5MS fused silica
capillary column (30 m x 250 umi.d., film thickness
0.25 um; 5% diphenyl, 95% dimethylpolysiloxane).
The injector was operated at 250 °C in split mode,
with a split ratio of 1:50. A 1 pl aliquot of the
sample was injected, and helium was used as
the carrier gas at a constant flow rate of 1.0 mL/
min. The oven temperature was programmed as
follows: an initial temperature of 80 °C was held
for 4 minutes, followed by a gradual increase to
100 °C at a rate of 2 °C/min. Subsequently, the
temperature was raised to 280 °C at a rate of 5
°C/min and held for 5 minutes. The total run time
was 54 minutes. Identification of compounds
was carried out by comparing the obtained mass
spectra with reference spectra from Wiley 8 and
NIST 11 and 17 libraries.

Antimicrobial activity

Antimicrobial potential of the purified
fraction from S. cumini leaf extract and standard
antibiotic and antimycotic drugs against S. aureus

and Mucor sp. were further determined by disc
diffusion method.?” 100 pl each of 10° CFU/ml of
bacterial culture and 10°spore/ml of fungal culture
were seeded onto the respective MHA plates.
5 mg of purified fraction was added into the disc.
Nystatin (100 units) and Ciprofloxacin (5 mcg) were
utilised as a standard drug. Zone of inhibition was
determined following incubation for 24 hrs at 37
°C (bacterial culture) and room temperature for
72 hrs (fungal culture) respectively. The assay was
conducted in triplicates.

Antioxidant activity

The antioxidant potential of the purified
fraction was quantitatively determined through
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay.? Different concentrations of the
partially purified compound were prepared. Each
concentration was mixed with an equal volume
of 0.004% (w/v) methanolic DPPH solution (0.1
mM). Ascorbic acid served as the positive control.
The reaction mixtures were subjected to vigorous
agitation and placed in the dark condition at
28 °C for 30 minutes. The negative control was
prepared by combining distilled water with the
DPPH solution. Absorbance readings were taken
at 517 nm and the percentage of inhibition was
determined using the following calculation:

Inhibition % = Absorbance of control-
Absorbance of purified compounds / Absorbance
of control x 100

Statistical analysis

Antibacterial and antioxidant activity
data were expressed as mean * SD and analysed
using one way ANOVA (SPSS software version 25).
p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Analytical TLC

Analytical TLC was performed to separate
the fraction in the SC leaves. Six solvent systems
were used to run the TLC for separation of
fraction (Figure 1). The separated spot of the
SC leaves on the TLC plate were visualized after
iodine treatment. T:EA:FA (7:2:1) was unable to
separate the spot. C:EA:FA (5:4:1) was also unable
to separate the spot. EA:AA:FA:W (7:1:3:2.5) was
able to separate one spot at R.=0.87. T.EA:FA:W
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(3:3:0.8:0.3), C:AA:M:W (64:32:12:8) and C:M (4:1)
were unable to separate the spot.

Contact-TLC bioautography of fraction from
S. cumini leaves for antimicrobial bioactivity
screening and its purification

Out of the six solvent systems, only
one solvent system - EA:AA:FA:W (7:1:3:2.5)
was able to separate the spot (Rf= 0.87) from SC
leaves. The antimicrobial bioactivity screening
was performed for the separated spot against
S. aureus (Figure 2a) and Mucor sp. (Figure
2b) using contact-TLC bioautography. The spot
with Rfvalue of 0.87 exhibits inhibition zone
on both the plates inoculated with S. aureus
and Mucor sp. indicating the antimicrobial
activity. As the solvent system, EA:AA:FA:W
(7:1:3:2.5) was able to separate antimicrobial

active fraction, preparative TLC was carried out
using this solvent system and the antimicrobial
active fraction was purified (Figure 2c). In
consistent with our finding, antimicrobial bioactive
compound from Himanthalia elongata Brown
Seaweed was detected using TLC bioautography.?
Similarly, antimicrobial compounds produced
by phytobiological endosymbionts inhabiting
Azadirachta indica L. were characterized via
bioautography.?

Characterization of partial purified compound
UV-Vis spectroscopy

UV-Vis spectroscopy analysis was used
to characterize the purified fraction from S.
cumini leaf extract. Phenolic compounds are
characterized by their UV absorbance within
the wavelength range of 220 to 400 nm.?® The

Figure 1. Analytical TLC of SC leaves using different solvent systems: (a) T:EA:FA (7:2:1), (b) C:EA:FA (5:4:1),
(c) EA:AA:FA:W (7:1:3:2.5), (d) C:M (4:1), (e) C:AA:M:W (64:32:12:8), (f) T:EA:FA:W (3:3:0.8:0.3)

() (b)

(c)

Figure 2. (a) Contact-TLC bioautography for antibacterial bioactivity detection against S. aureus (b) Contact-TLC
bioautography for antifungal bioactivity detection against Mucor sp. (c) Purification using PTLC
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spectrum of the analysed fraction exhibited
characteristic absorption peaks at 224 nm and 264
nm (Figure 3). It showed A__ peak at 224 nm. For
instance, the existence of phenolic compounds in
the extracts of S. japonica var. fortunei flowers and
leaves was confirmed by the peaks in the region
of 210-320 nm.*°®

ATR-FTIR analysis
The functional groups present in the
purified bioactive fraction from S. cumini leaf

extract was identified by ATR-FTIR analysis. The
absorption spectra of the fraction obtained
are depicted in Figure 4. It showed a stretching
band pattern at 3299 cm™, 2127.48 cm™ and
1639 cm™. The FTIR spectra are interpreted by
observing the banding patterns. Strong band at
3299 indicates polymeric hydroxyl groups (O-H), a
characteristic of polyphenolic compounds,®* weak
band at 2127.48 indicates C=C stretching (alkyne)
and strong band at 1639 indicates aromatic C=C
stretching (alkene).®? By observing the band
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Figure 3. UV-Vis spectrum of purified fraction
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Table. Compounds detected through GC-MS analysis

Peak Retention Area Compounds IUPAC name
Time %
1 34.819 0.31  Hexadecanoic acid, methyl ester Methyl hexadecanoate
2 38.469 0.94  9,12-Octadecadienoic acid (Z,2)-, Methyl (92,12Z)-octadeca-9,12-dienoate
methyl ester
3 38.616 1.31  9-Octadecenoic acid, methyl ester, (E)- Methyl (E)-octadec-9-enoate
4 39.147 0.16  Octadecanoic acid, methyl ester Methyl octadecenoate
5 39.466 29.99 cis-9-Hexadecenal (2)-hexadec-9-enal
6 41.245 0.20  Palmitoyl chloride Hexadecanoyl chloride
7 42.840 0.20  6,9-Octadecadienoic acid, methyl ester Methyl (6Z,9Z)-octadeca-6,9-dienoate
8 42.949 0.18  9-Octadecenamide Octadec-9-enamide
9 43.836 0.73  9,12-Octadecadienoic acid (Z,2)-, 2,3- 2,3-dihydroxypropyl (9Z,12Z)-octadeca-
dihydroxypropyl ester 9,12-dienoate
10 43.923 0.91  Oleoyl chloride (2)-octadec-9-enoyl chloride
11 44532  12.85 Ethyl (92,122)-9,12-octadecadienoate Ethyl octadeca-9,12-dienoate
12 44.618 18.09 9-Octadecenoic acid, 1,2,3-propanetriyl Propane-1,2,3-triyl tris (E)-octadec-9-enoate
ester, (E,E,E)-
13 44.703 8.61  Trilinolein Propane-1,2,3-triyl tri(9Z,12Z)-octadeca-
9,12-dienoate
14 44.971 5.64  Glycidol stearate Oxiran-2-ylmethyl octadecanoate
15 45.215 0.61 Ethanol, 2-(9,12-octadecadienyloxy)- 2-[(9Z,122)-9,12-Octadecadien-1-yolxy]
ethanol
16 46.801 7.56  Dodecanoic acid, 1,2,3-propanetriyl 1,2,3-propanetriyl tridodecanoate
ester
17 47.661 0.30  Triarachine Propane-1,2,3-triyl triicosanoate
Intensity
8000000 18,000,000 S Tiq
7500000 3
70000004
6500000
60000003
5500000
50000004
4500000 3
4000000
35000003
3000000
25000003
20000004
1500000
1000000}
e i
a0 100 g 200 ' 300 : 400 : 480

Figure 5. GC-MS chromatographic profile of purified bioactive fraction from S. cumini leaves
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pattern, the purified fraction might be phenolic
compounds.

GC-MS analysis

The GC-MS chromatogram of purified
fraction from S. cumini leaves, depicted in
Figure 5, revealed the presence of 17 distinct
compounds, as detailed in Table. Among these,
cis-9-hexadecenal was the most abundant,
comprising 29.99% of the total composition.
Ethyl (9z,122)-9,12-octadecadienoate comprised
of 18.09%, trilinolein comprised of 8.61%,

dodecanoic acid 1,2,3-propanetriyl ester
comprised of 7.56%, glycidol stearate comprised
of 5.64%, 9-Octadecenoic acid, methyl ester,
(E)- comprised of 1.31%, etc. Cis-9-Hexadecenal
exhibits antifungal activity,*® antioxidant** and
anti-inflammatory activities.** Ethyl (9z,12z2)-9,12-
octadecadienoate has antibacterial and anticancer
activity.*® 9-Octadecenoic acid, methyl ester,
(E)- has antibacterial and antioxidant activities.!?
Dodecanoic acid, 1,2,3-propanetriyl ester has
antioxidant, antibacterial, hepatoprotective
hypocholesterolemic properties. Trilinolein has

a) S. aureus

b) Mucor sp.

Figure 6. Antimicrobial activity of purified fraction against S. aureus and Mucor sp.
*T - Purified fraction, C - Ciprofloxacin (Positive control), N - Nystatin (Positive control), D - Distilled water (Negative

control)

120 -

100

Viability %
2

80 -
40 4
” J.
0 m
20 40 60 80 100
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H Ascorbic acid

Figure 7. Antioxidant Activity of purified fraction

H Bioactive Fraction
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antioxidant activity.>” Hexadecanoic acid, methyl
ester has antimicrobial, anticancer, antiarthritic,
antihistaminic, properties.?®3

Antimicrobial activity

Antimicrobial potential of the purified
fraction from S. cumini leaf extract were further
evaluated by disc diffusion method. The purified
fraction exhibits antibacterial and antifungal
potential against S. aureus and Mucor sp.
respectively (Figure 6). It produced a IZ of 21.77 £
0.68 mm and 24.93 + 0.80 mm against S. aureus
and Mucor sp. respectively. It showed stronger
activity towards the tested fungal culture than
the tested bacterial culture. Antimicrobial
potential of S. cumini leaf can be attributed
to their major bioactive compounds including
cis-9-hexadecenal (29.99%) and ethyl (9z,12z)-
9,12-octadecadienoate (18.09%) along with
other compounds including trilinolein (8.61%),
dodecanoic acid 1,2,3-propanetriyl ester (7.56%),
glycidol stearate comprised of 5.64%, and
9-Octadecenoic acid, methyl ester (1.31%)
as detected by GC-MS analysis. Ciprofloxacin
produced a IZ of 25.5 £+ 0.50 mm. Nystatin
produced a I1Z of 19.67 + 0.91 mm. Distilled water
loaded disc does not produced any IZ indicating no
antimicrobial activity against the tested bacterial
and fungal cultures.

Antioxidant activity

The purified fraction from S. cumini leaf
extract demonstrated a significant concentration-
dependent increase in scavenging activity, with the
percentage inhibition escalating from 30.8 + 1.8%
at 20 ug/mL to 84.2 + 1.9% at 100 pg/mL (Figure
7). The half maximal inhibitory concentration
(IC,,) value was determined to be 56.75 pg/mL
for the purified fraction, compared to 37.94 pg/
mL for ascorbic acid. IC, is the concentration
that inhibits 50% of free radicals. The findings
in this study underscore the potent antioxidant
capacity of the purified fraction which can be
attributed to their major bioactive compounds
including cis-9-hexadecenal (29.99%) and ethyl
(92,122)-9,12-octadecadienoate (18.09%) along
with other compounds including trilinolein
(8.61%), dodecanoic acid 1,2,3-propanetriyl ester
(7.56%), glycidol stearate comprised of 5.64%,

and 9-Octadecenoic acid, methyl ester (1.31%) as
detected by GC-MS analysis.

CONCLUSION

In this study, a biologically active fraction
exhibiting both antibacterial and antifungal activity
was detected in the leaf extract of S. cumini
through contact-TLC bioautography and purified
using PTLC. Subsequently, the purified fraction was
characterized using various analytical methods.
UV-Vis spectroscopy exhibited a A __ peak at
224 nm, suggesting the presence of conjugated
systems typical of phenolic compounds. ATR-
FTIR spectroscopy analysis revealed important
functional groups, such as O-H stretches (phenolic
hydroxyl groups), C=C stretches (aromatic rings),
and C=C stretches (alkynes), further verifying that
phenolic compounds are present. The purified
compounds demonstrated potent biological
activities, exhibiting strong antibacterial and
antifungal properties. Additionally, the antioxidant
activity was assessed, yielding an IC_  value
of 56.75 pg/mL, underscoring the significant
antioxidant potential of these fraction. Collectively,
these results highlighted the dual bioactivity
(antimicrobial and antioxidant) of S. cuminileaf can
be attributed to their major bioactive compounds
including cis-9-hexadecenal (29.99%) and ethyl
(92,122)-9,12-octadecadienoate (18.09%) along
with other compounds including trilinolein
(8.61%), dodecanoic acid 1,2,3-propanetriyl ester
(7.56%), glycidol stearate comprised of 5.64%,
and 9-Octadecenoic acid, methyl ester (1.31%),
suggesting their potential utility in therapeutic
strategies targeting microbial infections and
oxidative stress-related pathologies.
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