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ABSTRACT

The present study aimed to evaluate the presence of phytochemicals and antibacterial activity of the ethyl acetate extract of
Pandanus amarylifolius leaves. Preliminary phytochemical screening revealed the presence of importance secondary
metabolites such as phenols, alkaloids, flavonoids and some other bioactive compounds, which indicates the therapeutic
potential of the plants. Fourier Transform Infrared (FT-IR) spectral analysis of ethyl extract of leaf depicted 12 functional
groups peaks viz., Carboxylic acid (O-H), hydroxyl (O-H), alkane (C-H), Isothiocyanate (N=C=0) and Nitrile (CEO). Gas
chromatography and mass spectroscopy analysis leaf extracts exhibited 26 compounds, including B-Sitosterol, 1,2,3,6-
Tetrahydrobenzylalcohol, - Amyrone, 24-Noroleana-3,12-diene, Neophytadiene, Benzene diazonium, Phenol,
Cyclohexanol,  4-Norursa-3,12-diene, Brasiliamide, 9-Octadecenoic acid, Epilupeol, 4-Benzyl-2-t-butyl-3-
formyloxazolidine-4-carboxylic acid, Benzene, Z-7-Decen-1-yl acetate, 6,9,12-Octadecatrienoic, Butanoic acid,
Cyclopentane, 2(5H)-Furanone, Propanamide, 2-Butenoic acid, Cyclopentasiloxane, 3-Methylsalicylic acid,
Cyclohexasiloxane and 5-Tetramethylhexane. These phytochemicals revealed significant antibacterial activity. The highest
inhibition zone was observed against Staphylococcus aureus (29.25+0.35 mm) and Bacillus subtilis (28.95+0.35 mm) at a
concentration of 500 ug/ml. The gram-negative bacteria Aeromonas hydrophila (25.45+0.35) and Klebsiella pneumonia
(24.60+0.14) exhibited moderate inhibition zones. In the present study, the ethyl acetate extract of P. amaryllifolius leaves
confirms significant phytochemical and promising antimicrobial potential, which can be used as a natural therapeutic
source.

Keywords: Pandanus amaryllifolius, B-Sitosterol, Isothiocyanate, Bacillus subtilis, Klebsiella pneumonia.

INTRODUCTION new pharmacological bioactive compound (Nasim et al.,

Plant-based remedies are used as primary source of 2022). These compounds contain a wide array of

healthcare by approximatelyy 80% of the global population structurally d.iverse pgtgral compounds that confer VariQus
including both developed and developing countries. They pharmacological activities. Most of the naturally occurring
are being considered as promising therapeutic sources for compounds from medicinal plants are phenomenal active
the drug. The diversity of natural products of medicinal like phenolic, flavonoids (Roy ez al., 2022), terpenoids
plants makes them interesting objects of scientific (Masyita et al., 2022), saponins (Moses et al., 2014),
investigations as potential leads to discover and develop  steroids (Gadouche et al., 2022), and alkaloids exhibiting
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antimicrobial, antioxidant (Tian et al., 2019), antiviral
(Parham et al., 2020), anti-inflammatory (Ayertey et al.,
2021), and cytoprotective activities. Pandanus
amaryllifolius is a tropical plant which belong to
Pandanaceous family distributed in many parts of Southeast
Asia including India, Thailand, Malaysia, Indonesia and Sri
Lanka. The plant is known for providing plant coloring,
flavoring and bioactive compounds which are used in
making food additives and in pharmaceutical markets. The
leaves smell of pandan fragrance which comes from 2-
acetyl-1-pyrroline (2AP) similar to fragrant basmati rice
(Bhatt et al., 2021). Its leaves are used as medicinal plant
as antioxidant (Buddhakala et al., 2025), Antidiabetic
(Chiabchalard et al, 2015), Anti-inflammatory
(Buddhakala et al., 2025) , antimicrobial (Wahyuni et al.,
2024), antihyperglycemic (Chiabchalard et al., 2015), anti-
diabetic potential (Saenthaweesuk et al., 2016). The pandan
prop root produces an alternate Bacterial cellulose (BC)
that causes the unique function and bioactive compounds.
A novel substrate for BC production will provide an
alternative BC product that generates the unique functions
and bioactivities which has not been found in the
conventional substrate. The present study was to determine
the secondary metabolites using FTIR spectra and GC-MS
analysis and their potential of antimicrobial activity.

MATERIALS AND METHODS

Plant Material and Extract preparation

The sample plant material was obtained in Jamal Mohamed
College, Tiruchirappalli, Tamil Nadu and India. The dried
leaves collected were shade dried and ground into a fine
powder using Soxhlet apparatus with the use of 6 hours of
methanol. Whatman No.1 filtrates were used to filter the
extracts and filtrates were concentrated under low pressure
at 40° C using a rotary flash evaporator and stored at 4° C
until they were used in phytochemical screening and
pharmacological activity.

Phytochemical analysis of P. amaryllifolius leaf extract

Preliminary phytochemical analysis of ethyl acetate,
acetone, ethanol and aqueous extracts was performed and
the presence of reducing sugars, alkaloids, anthraquinones,
glycosides, tannins, flavonoids, saponins and triterpenoids
in the extracts were revealed (Dahiya et al., 2012).

FT-IR functional groups analysis of P. amaryllifolius
leaf extract

The Fourier Transform Infrared (Shimadzu-119) analysis
was performed at a Shimadzu-119 under the range 350 cm -
1 to 4700 cm -1. The instrument was then left to warm up
30 min and calibrated with the inactive potassium bromide
(KBr) and then analyzed. About 5 g of the P. amaryllifolius
leaves were put in a mortar and crushed to fine powder.
This sample was dried in an oven at 105° C in 30 minutes
and then left to cool in a lidded crucible. Approximately, 1
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mg of the dried sample was tipped to the FTIR mortar and
the inert potassium bromide sample was added at a ratio of
1 to 50 times to the sample to KBr and ground to achieve
the homogeneity. The FT-IR hand-press equipment was
used to compress the mixture to form a translucent pellet.
The pellet was loaded to the sample holder and attached
into FTIR machine to be analyzed. FTIR spectrum was
measured as transmittance versus the wavelength and result
peaks were made in order to determine the character of
functional groups that the sample contained (Mwangi et al.,
2024).

GC-MS Analysis of P. amaryllifolius leaf extract

The extract of P. amaryllifolius plants were analyzed by
means of a GCMS-QP (GCMS-QP 2010 Plus, Shimadzu).
An ionization voltage of 70 ¢V and an injector temperature
of 250 o C were used to carry out the analysis. The injector
measured in split mode and with linear velocity of 36.5
cm/s and pressure of 57.5 kPa. The instrument operated in
electron impact. About 1 pL of all the samples were
injected into the system with the carrier gas helium (99.9%
purity) flowing at 1 mL/min. The isothermal conditions
were kept at 60° C within 5 minutes of time and thereafter,
the temperature in the oven was raised at a rate of
10°C/minute until 100°C temperature was reached and 10
minutes later, the temperature was raised at a rate of 5°
C/minute to reach a temperature of 270° C. The relative
percentage of the respective components was calculated by
comparing the mean peak area of the individual compounds
to the total peak area. The compounds were identified
through a comparison of mass spectra of the unknown
components with the known compounds in the National
Institute of Standards and Technology library (NIST-5),
which offered information about the name of the
compound, chemical formula, molecular weight, and
structure of the compound (Nagaraj et al., 2023).

Antibacterial Activity of P. amaryllifolius leaf extract

The antibacterial effect was measured by disc diffusion
technique against some chosen bacteria species which
include Staphylococcus aureus, Bacillus subtilis, Klebsiella
pneumoniae and Aeromonas hydrophila. These isolates
were taken in KAP Viswanathan medical college,
microbiology department Tiruchirappalli, Tamil Nadu. The
bacterial culture was placed in the petriplates in 2-3 cm of
thickness with sterilized Nutrient Agar Medium. The
medium petriplates were maintained at an aseptic condition
and it was to check the contamination and also to solidify
the petr. Micropipette (10 pl of extracts) was used to add
each sterile disc separately with the positive control, which
was the antibiotic disc (Bacterial antibiotic) of
Chloramphenicol. The plates were incubated at 5° C to
allow diffusion of the plant extracts and incubated at 35° C
to allow incubation of 24 hours. Vernier caliper was used to
measure the presence of the inhibition zones and this was
recorded and taken to indicate presence of the antibacterial
activity (Mostafa et al., 2018).
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Statistical analysis

Results were calculated and expressed as Mean Standard
deviation. P-value < 0.05 was considered to be significant.

RESULTS AND DISCUSSION

A systematic qualitative phytochemical analysis of four
different solvent extracts of P. amaryllifolius reveals the
presence of bioactive compounds. The phytochemicals
present in the four different extracts were determined using
spot test method. The results reveal the presence of tannin,
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the ethanol, ethyl acetate, aqueous and acetone extracts
respectively. Among the four different solvents, Ethyl
acetate extract performed well in the qualitative analysis of
phytochemical studied. The Ethyl acetate extract possess
Tannin, Saponin, Flavonoids, Steroids, Terpenoids,
Alkaloids, Polyphenol were strongly present in the
preliminary phytochemical analysis (Table 1). Many of the
alkaloids have been found with several pharmacological
activities  including antimicrobial, analgesic, anti-
inflammatory etc. Phenolic compounds are known for their
bioactive properties which have been reported to show

hiob ) - d i id antimicrobial, anti-inflammatory, anticancer  and
phlobatannins, saponin, flavonoids, steroids, terpenoids, . isbetic activities (Kumar et al., 2025).
alkaloids, anthraquinone, polyphenol and reducing sugar in
Table 1. Preliminary phytochemical analysis of P. amaryllifolius leaf extracts.
S. No Phytochemicals Ethanol Ethyl Acetate Aqueous Acetone
extract extract extract extract
1 Tannin + ++ + -
2 Phlobatannins - - - -
3 Saponin + + ++ -
4 Flavonoids + ++ + +
5 Steroids - ++ - +
6 Terpenoids ++ ++ + +
7 Triterpenoids - + - -
8 Alkaloids + ++ - -
9 Anthroquinone + ++ ++ -
10 Polyphenol ++ ++ + +
11 Reducing sugar ++ ++ + +
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Figure 1. FTIR Spectrum of Pandanus amaryllifolius leaf extract
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Table 2. Identification of functional groups using FTIR analysis of Pandanus amaryllifolius leaf extract.

S. No Absorption (cm™) Peak Nature Functional Group Compound Class

1 3406.22 Weak/sharp O-H Stretching Alcohol

2 3003.85 Weak O-H Stretching Alcohol

3 2917.70 Strong O-H Stretching Alcohol

4 1651.40 Medium C-H Stretching Alkane

5 1436.33 Medium C-H Stretching Alkane

6 1406.90 Medium C-H Stretching Alkane

7 1314.58 Medium C-H Stretching Alkane

8 1013.85 Weak CEO Stretching Nitrile

9 951.21 Weak N=C=O0 Stretching Isothiocyanate
10 900.42 Weak N=C=O0 Stretching Isothiocyanate
11 702.44 Medium/ Sharp C=C Stretching Conjugated Alkenes
12 520.16 Medium C-H Bending Alkane

The FT-IR spectrum was analyzed to identify the functional
groups of the active components found in ethyl acetate
extract of P. amaryllifolius leaf based on the peaks value in
the region of IR radiation. When the leaf extract was passed
into the FT-IR, the functional group of the components
were separated based on its peak’s ratio and absorption
peak represented in the Table 2 & figure 1. The spectrum
exhibited a weak absorption band at 3406.22 cm™ and a
weak band at 3003.85 cm’!, along with a strong peak at
2917.70 cm™, which are indicative of O-H Stretching
vibrations correspond to alcohol compounds. These
compounds were widely reported in plant extracts and are
known for their antioxidant and antimicrobial properties
(Singh and Mendhulkar, 2015). A medium peak observed
at 1651.40 cm™,1436. 33 cm!, 1406.90 cm™and 1314.58
cm’! revealed the presence of alkane compoundss, possibly
related to C-H Stretching. These aliphatic hydrocarbons
are commonly found in plant-derived extracts and are often
associated with lipid components, waxes, and other non-
polar phytoconstituents. Such compounds contribute to the
structural integrity of plant tissues and may also exhibit
biological aactivities, including antimicrobial effects
(Mayuresh and Madhura, 2025). The peak at 1013.85 cm-1
(weak peak), suggests the presence of Nitrile compounds
(CEO Stretching). Weak absoption bands at 951.21 cm-1
and 900.42cm™ are characteristics N=C=0O Stretching
vibrations, confirming the presence of Isothiocyanate
functional groups. Isothiocyanates are well-known
bioactive compounds derived from glucosinolate precursors
and are widely reported for their strong antimicrobial,
antioxidant, and anticancer aactivities (Kamal, et al., 2022).
The peak at 702.44 cm-1 (Medium/ Sharp) is attributed to
C=C Stretching vibrations of conjugated alkenes. A
medium peak observed at 520.16.63cm-1 which stated the
presence of Alkane compound corresponds to C-H
stretching. These finding support earlier studies indicating
that plants extract rich in diverse functional groups exhibit
enhanced therapeutic potential (Kumar et al., 2024;
Sasidharan ef al., 2010).
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The chemical composition of the ethyl acetate extract of P.
amarylifolius  leaves was  analyzed wusing Gas
chromatography - Mass spectroscopy (GC-MS). The GC-
MS chromatogram revealed the presence of multiple peaks,
indicating a complex mixture of bioactive compounds.
Each peak corresponds to a specific compound and
identified based on their retention time (RT), molecular
formula, molecular weight (MW) and concentration (peak
area %). A total of 26 compounds were identified in the
extracts as presented in Table 3 and Figure 2. Among the
detected compounds major cconstituents included f-
Sitosterol (peak area 14.79 %), 1,2,3,6-Tetrahydrobenzyl
alcohol (peak area 9.77%), B-Amyrone (peak area 5.71%),
24-Noroleana-3, 12-diene (peak  area  5.48%),
Neophytadiene (peak area 5.08%), Benzimidazolium (peak
area 4.76%), Phenol (peak area 3.97%), Cyclohexanol
(peak area 3.22%), (peak area 3.97%), 4-Norursa-3,12-
diene (peak area 3.88%), Brasiliamide A (peak area
3.65%),9-Octadecenoic acid (peak area 2.67%), Epilupeol
(peak area 1.94%), 4-Benzyl-2-t-butyl-3-f
ormyloxazolidine-4-carboxylic acid (peak area 1.28%),
Benzene (peak area 1.02%), Z-7-Decen-1-yl acetate (peak
area 1.01%),6,9,12-Octadecatrienoic (peak area 0.98%),
butanoic acid (peak area 0.96%), Cyclopentane (peak area
0.97%), (peak area 1.01%), 2(5H)-Furanone (peak area
0.93%), Propanamide (peak area 0.79%), 2-Butenoic acid
(peak area 0.77%), Cyclopentasiloxane (peak area 0.74%),
3-Methylsalicylic acid (peak area 0.66%), Cyclohexasilox
ane (peak area 0.64%), (peak area 0.93%) and 5-Tetra
methylhexane (peak area 0.57%) which exhibited
significant peak areas, suggesting their abundance in the
extract. The presence of fatty acids and their esters
indicates potential antimicrobial and anti-inflammatory ac
tivities, while phenolic compounds are well known for their
antioxidant properties. Additionally, the detection of
terpenoids suggests possible pharmacological activities
such as anticancer, antiviral, and anti-inflammatory effects.
Compounds such as alkanes and hydrocarbons identified in
the extract may contribute to the stability and structural
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characteristics of plant metabolites. The occurrence of
nitrogen-containing compounds and heterocyclic molecules
further supports the presence of bioactive secondary
metabolites with potential therapeutic applications. The
GC-MS analysiss confirms that P. amaryllifolius leaf
extract contains a wide spectrum of biologically active

Int. J. Zool. Appl. Biosci., 11(3SP), 12-24, 2026

compounds. These findings are consistent with previous
studies on medicinal plants, where GC-MS profiling
revealed the presence of diverse Phytochemical responsible
for various pharmacological activities (Hongal et al., 2024;
Singh et al., 2023).
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Figure 2. GC-MS analysis of Pandanus amaryllifolius leaf extract.

Table 3. Detection of phytoconstituents using GC-MS analysis of P. amaryllifolius leaf extracts.

'_-'}J

Retention Height Molecular Molecular Name of the Bioactive
Peak Time Area% Height % formula weight compound
CoH 140, 154 1,2,3,6-
1 4.322 5.91 73422 9.77 etrahydrobenzylalcohol
2 4.589 3.88 35741 476 CeHaN20 120 Benzenediazonium
3 5.261 0.46 6990 0.93 CsHsO2 98 2(5H)-Furanone
4 5.324 0.44 7282 0.97 C7Hus 98 Cyclopentane
5 7.266 0.24 4284 0.57 CioH2 86 5-Tetramethylhexane
6 8.264 0.35 5594 0.74 CioH3005Sis 370 Cyclopentasiloxane
7 11.254 0.32 4821 0.64 Ci2H3606S16 444 Cyclohexasiloxane
8 13.992 0.34 4982 0.66 Ci4H2403812 296 3-Methylsalicylic acid
9 14.264 2.59 29814 397 CiaH220 206 Phenol
10 18.214 0.64 7698 1.02 CuHieS 180 Benzene
11 19.845 0.48 7218 0.96 CsHi00: 102 Butanoic acid
12 21.85 0.49 7566 1.01 Ci2H202 184 Z-7-Decen-1-yl acetate
13 21.917 1.51 20102 2.67 CioH3602 296 9-Octadecenoic acid
14 22.055 2.78 38155 5.08 CaoHss 278 Neophytadiene
15 24.804 0.37 5946 0.79  CieHisFeN:O2 395 Propanamide
16 25.405 0.83 7370 0.98 Ci2HasCl 204 6,9,12-Octadecatrienoic
17 25.633 19.58 111143  14.79 C29Hs00 414 B-Sitosterol
C17H23NO4 305 4-Benzyl-2-t-butyl-3-
formyloxazolidine-4-
18 26.813 0.97 9601 1.28 carboxylic acid
www.ijzab.com 17
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19 27.003 4.7 24226 3.22 CisH3NO 221 Cyclohexanol

20 28.639 6.74 29171 3.88 CaoHas 394 4-Norursa-3,12-diene
21 29.541 0.39 5759 0.77 CiaH2402 224 2-Butenoic acid

22 30.901 7.34 42882  5.71 C3oHas02 424 B-Amyrone

23 32.092 8.2 41190 5.48 CaoHas 394 24-Noroleana-3,12-diene
24 32.249 2.34 17283 2.3 C23H33NO4 387 Phenanthrenepropanenitrile
25 32.599 2.17 27396  3.65 CasHasN>05 452 Brasiliamide A

26 34519 2.3 14566 1.94 C3,H5,0, 468 Epilupeol

Table 4. Phytoconstituents and their Biological activities of P. amaryllifolius leaf extract.

Molecular formula

S.No Name of the Bioactive compound Biological activities of the Compound
Antibacterial and antifungal properties

1 CoH 1402 1,2,3,6-Tetrahydrobenzylalcohol ~ (Sarzynski ef al., 2024)

2 CeHaN20 Benzenediazonium Antileishmanial activity (Singh et al., 2020)
anti-inflammatory, antitumor, antimicrobial,
antioxidant, analgesic, antituberculosis, antiulcer

CsHO, activity (Khabibrakhmanova et al., 2023; Rossi

3 2(5H)-Furanone et al., 2017; Kayumov et al., 2020)

4 C7Hus Cyclopentane Antiviral activity (Smee et al., 2001)

5 CioH2 5-Tetramethylhexane 5-Tetramethylhexane

6 CioH300s8Sis Cyclopentasiloxane Cosmetic products (De Castro ef al., 2025)

7 C12H3606S16 Cyclohexasiloxane Cosmetic products (Ko et al., 2024)

C14H2405S1, Anti-inflammatory drugs, analgesics (Almasirad

8 3-Methylsalicylic acid etal.,2014)

Ci14H2,0 Antioxidant activity (QuirdésSauceda et al.,

9 Phenol 2017)

CiiHi6S Antifungal activity, anti-inflammatory activity,
antitumor activity, antioxidant activity (Zain-

10 Benzene Alabdeen et al., 2022)

CsHi1002 Flavor additive to impart fruit-like aromas (Liu
et al., 2026) immunomodulatory activity

11 Butanoic acid (Gerunova et al., 2024)

Ci2H2,0, Sex pheromone compound (Rasmussen et al.,

12 Z-7-Decen-1-yl acetate 1997)

Ci9H360: Anti-inflammatory and antioxidant properties

13 9-Octadecenoic acid (Muzahid et al., 2022)

Analgesic, anti-oxidant, anti-microbial, anti-
cancer, anti-malarial, insecticidal, and
neuroprotective properties, (Rajeswaran ef al.,

14 CaxoHss Neophytadiene 2025)

15 Ci6HisFeN3O2 Propanamide Antiproliferation (He et al., 2021)

Ci2H25Cl Anti-inflammatory, and anti-oxidative properties

16 6,9,12-Octadecatrienoic (Parvathi et al., 2022)

Anti- inflammation, anti-cancer effects (Nandi et

17 C29Hs500 B-Sitosterol al., 2024)

4-Benzyl-2-t-butyl-3-
Ci17H23NO4 formyloxazolidine-4-carboxylic
18 acid Antimicrobial activity (Vlasov et al., 2024)
Ci4H23NO Cyclohexanol (antimicrobial, antibacterial,
antifungal, anticancer, antiviral, anti-
inflammatory (Mahyavanshi ef al., 2017; Ullah
19 Cyclohexanol etal., 2022)

www.ijzab.com
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20 C2oHas 4-Norursa-3,12-diene
21 Ci4H2402 2-Butenoic acid
22 C30Has0 B-Amyrone
Ca9Has
23 24-Noroleana-3,12-diene
24 C2H33NO4 1-Phenanthrenepropanenitrile
25 C25H28N206 Brasiliamide A
26 CsHs0, Epilupeol

Antimicrobial activity (Ullah et al., 2022)
Antifungal properties (Uguen et al., 2021)

Antimicrobial agent (Han et al., 2022)
Analgesic, anti-inflammatory, and antioxidant
activity (Jiko et al., 2024)

Antimicrobial, spasmolytic, anti-inflammatory
(Kovacs et al., 2008)

Antibacterial activity and cytotoxic activity
(Paluka et al., 2020)

Anti-inflammatory compound, (Sanchez-Ramos
etal., 2023)

The antibacterial activity of the eethyl acetate extract of P.
amaryllifolius leaves was evaluated against selected patho
genic bacteria, including Staphylococcus aureus, Bacillus
subtilis, Klebsiella pneumoniae, and Aeromonas hydroph
ila, using disc diffusion method. The results were assessed
based on the diameter of the zone of inhibition (mm) and
compared with a standard antibiotic used as a positive
control (Chloramphenicol). The leaf extract exhibited
varying degrees of antibacterial activity against all tested
microorganisms. Among the tested strains, the highest zone
of inhibition was observed against B. subtilis (29.25+0.35)
and B. subtilis (28.95+0.35) at 500 pg/ml, that indicating
strong susceptibility of Gram-positive bacteria to the
extract. A moderate inhibitory effect was observed against
Gram-positive bacteria, 4. hydrophila (25. 45+0.35) and K.
pneumoniae (24.60 = 0.14) at 500 pg/ml. The positive
control (Chloramphenicol) exhibited a significantly larger
zone of inhibition against all tested organisms (Table 5 &
figure 4 and 5), confirming the validity and sensitivity of
the assay. However, the appreciable activity shown by the
plant extract suggests the presence of potent antibacterial
compounds. The present study of antibacterial activity can
be correlated with the presence of various
phytoconstituents identified through FT-IR and GC-MS

Table 5. Antibacterial Activity of P. amaryllifolius.

analyses. Functional groups such as phenols, alkaloids,
alcohols, amines, and sulfur-containing compounds are
known to contribute to antimicrobial activity by disrupting
microbial celll walls, altering membrane permeability, and
inhibiting essential enzymatic pathways (Taher at al.,
2023). Phenolic compounds, in particular, can denature
proteins and interfere with microbial metabolism, leading
to cell death. The higherr antibacterial activity observed
against Gram-positive bacteria, particularly S. aureus, may
be due to the relatively simple structure of their cell wall,
which lacks an outer membrane. This structural feature
allows easier penetration of bioactive phytochemical into
the bacterial cell, resulting in effective inhibition. In
contrast, Gram-negative bacteria such as K. pneumoniae
and A. hydrophila possess an additional outer membrane
composed of lipopolysaccharides, which acts as a
permeability barrier and reduces the uptake of antimicrobial
agents (Timoszyk et al., 2022; Silhavy ef al., 2010) . These
findings agree with previous studies on medicinal plants,
where leaf extracts demonstrated significant antibacterial
activity against both Gram-positive and Gram-negactive
bacteria, although with varying degrees of effectiveness
(Kamaraj et al., 2012). The results suggest that P.
amaryllifolius leaf extract could serve as a potential source
of natural antibacterial agents.

Zone of inhibition (mm) Mean + SD

S. No Name of the test organism
500 pg/ml
1. Staphylococcus aureus 29.25+0.35
2. Bacillus subtilis 28.95+0.35
3. Klebsiella pneumoniae 24.6+0.14
4. Aeromonas hydrophila 25.45+0.35

250 pg/ml 100 pg/ml 50 pg/ml Positive
Control (PC)
25.35+0.21  23.35+0.21  19.25+0.35 30.10+0.14
24.25+0.35  22.45+0.35 18.25+0.35 29.10+0.14
21.35+0.21  20.25+0.35 16.35£0.49  28.254+0.35
22.25+0.35  21.25+0.35 16.35+0.49  28.35+0.49

The values are expressed as Mean + Standard deviation. P-value < 0.05
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Klebsiella pneumoniae Aeromonas hydrophila

Figure 3. Antibacterial activity of Pandanus amaryllifolius leaf extract.

500 pg/ml 250 pg/ml 100 pg/ml 50 pg/ml Positive Control (PC)
Concentration of Pandanus amaryllifolius leaf extract
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Figure 4. Graphical expression of Antibacterial activity of Pandanus amaryllifolius leaf extract.
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CONCLUSION
The present study comprehensively evaluated the
phytochemical  composition FTIR, GC-MS and

antibacterial potential of the ethyl acetate extract of
Pandanus amaryllifolius leaves. Preliminary phytochemical
screening revealed the presence of secondary metabolites,
including tannin, phlobatannins, saponin, flavonoids,
steroids, terpenoids, alkaloids, anthraquinone, polyphenol
and reducing sugar, indicating the therapeutic potential of
the plant. FT-IR spectral analysis identifying characteristic
functional groups such as hydroxyl (O-H), alkane (C-H),
alkene (C=C), alcohol (O-H), amine (C-N), sulfoxide
(S=0) , nitrile (C=N), and isothiocyanate (N=C=0). These
functional groups are commonly associated with b
biologically active molecules and play a crucial role in
determining the pharmacological properties of plant
extracts. GC-MS analysis revealed a complex profile of
chemical constituents, including hydrocarbons, fatty acids,
esters, phenolic compounds, and other secondary
metabolites. The presence of these compounds highlights
the chemical diversity of the extracts and provides insight
into its potential biological activities. Many of the
identified compounds are known to possess antimicrobial,
antioxidant, and anti-inflammatory properties. The
antibacterialal activity assay demonstrated that the leaf
extract exhibits significant inhibitory effects against both
Gram-positive and Gram-negative bacteria, namely S.
aureus, B. subtilis, K. pneumoniae, and A.hydrophila. The
extract showed comparatively higher activity against Gram-
positive bacteria, which may be attribute to differences in
cell wall structure. The observed antibacterial effect is
likely due to the synergistic.

ACKNOWLEDGMENT

The authors are thanking to the Secretary, Principal, PG &
Research Department of Botany, Jamal Mohamed College
(Autonomous), Tiruchirappalli for their support during this
study.

CONFLICT OF INTERESTS

The authors declare no conflict of interest

ETHICS APPROVAL
Not applicable

FUNDING

This study received no specific funding from public,
commercial, or not-for-profit funding agencies.

AI TOOL DECLARATION

The authors declares that no Al and related tools are used to
write the scientific content of this manuscript.

DATA AVAILABILITY

Data will be available on request

www.ijzab.com

Int. J. Zool. Appl. Biosci., 11(3SP), 12-24, 2026

REFERENCES

Nasim, N., Sandeep, 1. S., & Mohanty, S. (2022). Plant-
derived natural products for drug discovery: current
approaches and prospects. The Nucleus, 65(3), 399-411.
https://doi.org/10.1007/s13237-022-00405-3.

Roy, A., Khan, A., Ahmad, I., Alghamdi, S., Rajab, B. S.,
Babalghith, A. O., & Islam, M. R. (2022). Flavonoids a
bioactive compound from medicinal plants and its
therapeutic applications. BioMed research
international, 2022(1).
https://doi.org/10.1155/2022/5445291.

Masyita, A., Sari, R. M., Astuti, A. D., Yasir, B., Rumata,
N. R., Emran, T. B., Nainu, F., &Simal-Gandara,
J. (2022). Terpenes and terpenoids as main bioactive
compounds of essential oils, their roles in human health
and  potential  application as  natural  food
preservatives. Food Chemistry:
X, 13,100217. https://doi.org/10.1016/j.fochx.2022.1002
17.

Moses, T., Papadopoulou, K. K., & Osbourn, A. (2014).

Metabolic and functional diversity of saponins,
biosynthetic ~ intermediates  and  semi-synthetic
derivatives. Critical reviews in biochemistry and

molecular biology, 49(6), 439-462.
https://doi.org/10.3109/10409238.2014.953628.

Ayertey F, Ofori-Attah E, Antwi S, Amoa-Bosompem M,
Djameh G, Lartey NL, Ohashi M, Kusi KA, Appiah AA,
Appiah-Opong R, Okine LK. Anti-inflammatory activity
and mechanism of action of ethanolic leaf extract of
Morinda lucida Benth. Journal of traditional and
complementary medicine. 2021 May 1;11(3):249-58.
https://doi.org/10.1016/j.jtcme.2020.07.001.

Parham, S., Kharazi, A. Z., Bakhsheshi-Rad, H. R., Nur,
H., Ismail, A. F., Sharif, S., RamaKrishna, S., &Berto,
F. (2020). Antioxidant, Antimicrobial and Antiviral
Properties of Herbal
Materials. Antioxidants, 9(12), 1309. https://doi.org/10.3
390/antiox9121309.

Tian, C., Chang, Y., Zhang, Z., Wang, H., Xiao, S., Cui, C.,
& Liu, M. (2019). Extraction technology, component
analysis, antioxidant, antibacterial, analgesic and anti-
inflammatory activities of flavonoids fraction from
Tribulus  terrestris L. leaves. Heliyon, 5(8). doi:
10.1016/j.heliyon. 2019.e02234.

Gadouche, L., Alsoufi, A. S., Pacholska, D., Skotarek, A.,
Paczkowski, C., &Szakiel, A. (2022). Triterpenoid and
Steroid Content of Lipophilic Extracts of Selected
Medicinal Plants of the Mediterranean
Region. Molecules, 28(2), 697. https://doi.org/10.3390/m
olecules28020697.

Bhatt, V., Barvkar, V. T., Furtado, A., Henry, R. J,,
&Nadaf, A. (2021). Fragrance in Pandanus
amaryllifoliusRoxb. Despite the Presence of a Betaine
Aldehyde Dehydrogenase 2. International Journal of
Molecular.


https://doi.org/10.1007/s13237-022-00405-3
https://doi.org/10.1155/2022/5445291
https://doi.org/10.1016/j.fochx.2022.100217
https://doi.org/10.1016/j.fochx.2022.100217
https://doi.org/10.3109/10409238.2014.953628
https://doi.org/10.1016/j.jtcme.2020.07.001
https://doi.org/10.3390/antiox9121309
https://doi.org/10.3390/antiox9121309
https://doi.org/10.3390/molecules28020697
https://doi.org/10.3390/molecules28020697

R. Sathish Kumar et al.

Buddhakala, N., & Yongkhamcha, B. (2025).
Phytochemical constituents, and antioxidant, antidiabetic
and anti-inflammatory activities of the extracts from
Pandanus amaryllifolius Roxb. Journal of Herbal
Medicine,
101062.https://doi.org/10.1016/j.hermed.2025.101062.

Wahyuni, D. K., Nuha, G. A., Atere, T. G., Kharisma, V.
D., Tari, V. S., Rahmawati, C. T., ... & Purnobasuki, H.

(2024).  Antimicrobial  potentials of  Pandanus
amaryllifolius ~ Roxb.:  Phytochemical  profiling,
antioxidant, and molecular docking studies. Plos
one, 19(8),

€0305348. https://doi.org/10.1371/journal.pone.0305348.

Chiabchalard, A., & Nooron, N. (2015). Antihyperglycemic
effects of Pandanus amaryllifolius Roxb. leaf
extract. Pharmacognosy magazine, 11(41),
117. https://doi.org/10.4103/0973-1296.149724.

Saenthaweesuk, S., Naowaboot, J., &Somparn,
N. (2016). Pandanus amaryllifolius leaf extract increases
insulin sensitivity in high-fat diet-induced obese
mice. Asian Pacific Journal of Tropical
Biomedicine, 6(10), 866-

871. https://doi.org/10.1016/].apjtb.2016.08.010.

Dahiya, P., &Purkayastha, S. (2012). Phytochemical
Screening and Antimicrobial Activity of Some
Medicinal Plants Against Multi-Drug Resistant Bacteria
from Clinical Isolates. Indian Journal of Pharmaceutical
Sciences, 74(5), 443. https://doi.org/10.4103/0250-
474X.108420.

Mwangi, J. W. Kiragu, D., & Chaka, B. (2024).
Phytochemical screening, FTIR and GCMS analysis of
Cucurbita pepo seeds cultivated in Kiambu county,
Kenya. Heliyon, 1009), €30237.
https://doi.org/10.1016/j.heliyon.2024.€30237.

Nagaraja, S. K., Nayaka, S., & Kumar, R. S. (2023).
Phytochemical analysis, GC—MS profiling, and in vitro
evaluation of biological applications of different solvent
extracts of Leonotis nepetifolia (L.) R. Br. flower
buds. Applied Biochemistry and Biotechnology, 195(2),
1197-1215. doi: 10.1007/312010-022-04201-2.

Mostafa, A. A., Al-Askar, A. A., Almaary, K. S., Dawoud,
T. M., Sholkamy, E. N., & Bakri, M. M. (2018).
Antimicrobial activity of some plant extracts against
bacterial strains causing food poisoning diseases. Saudi
Journal of Biological Sciences, 25(2), 361-360.
https://doi.org/10.1016/j.sjbs.2017.02.004.

Kumar, R. S., Anburaj, G., & Vasantha, S. (2025). The
phytochemical analysis and antibacterial effectiveness of
leaf extracts from Cleome gynandra L. Ecology,
Environment & Conservation
(0971765X), 31.http://doi.org/10.53550/EEC.2025.v31i0
35.067.

Singh, R., & Mendhulkar, V. D. (2015). FTIR studies
and  spectrophotometric  analysis of natural
antioxidants, polyphenols and flavonoids in Abutilon

www.ijzab.com

Int. J. Zool. Appl. Biosci., 11(3SP), 12-24, 2026

indicum (Linn) sweet leaf extract. J. Chem. Pharm.
Res, 7(6), 205-211.

Mayuresh, D., & Madhura, M. (2025). Functional group
profiling of medicinal plants using FTIR
spectroscopy. World 21(1), 243-
249 https://doi.org/10.30574/wjbphs.2025.21.1.0039.

Kamal, R. M., AbdullRazis, A. F., MohdSukri, N. S.,
Perimal, E. K., Ahmad, H., Patrick, R., Djedaini-Pilard,
F., Mazzon, E., & Rigaud, S. (2022). Beneficial Health
Effects of Glucosinolates-Derived Isothiocyanates on
Cardiovascular and Neurodegenerative Diseases.
Molecules, 27(3), 624.
https://doi.org/10.3390/molecules27030624.

Kumar, R. S., & Anburaj, G. (2024). Phytochemical
screening by, UV and FTIR, HPLC analysis of Capparis
zeylanica leaf extracts. Res. Jr. Agril. Sci, 15(3), 843-
847.

Sasidharan, S., Chen, Y., Saravanan, D., Sundram, K. M.,
&Latha, L. Y. (2010). Extraction, Isolation and
Characterization of Bioactive Compounds from Plants'
Extracts. African Journal of  Traditional,
Complementary, and Alternative Medicines, 8(1),
https://pmc.ncbi.nlm.nih.gov/articles/PMC3218439.

Hongal, A. M., Shettar, A. K., Hoskeri, J. H., &
Vedamurthy, A. B. (2024). GCMS-based phytochemical
profiling and in vitro pharmacological activities of plant
Alangium salviifolium (Lf) Wang. Future Journal of
Pharmaceutical Sciences, 10(1), 61.

Sarzynski, D. S., &Majerz, 1. (2024). Chemical
Transformations of Benzyl Alcohol Caused by Atomic
Chlorine. Molecules, 29(13), 3124.
https://doi.org/10.3390/molecules29133124.

Singh, N., Arish, M., Kumar, P. et al. Experimental and

Theoretical ~ Studies of Novel Azo Benzene
Functionalized Conjugated Polymers: In-
vitro Antileishmanial Activity and Bioimaging. Sci

Rep 10, 57 (2020). https://doi.org/10.1038/s41598-019-
56975-x.

Khabibrakhmanova, A. M., Faizova, R. G., Lodochnikova,
O. A., Zamalieva, R. R., Latypova, L. Z., Trizna, E. Y.,
Porfiryev, A. G., Tanaka, K., Sachenkov, O. A,
Kayumov, A. R., &Kurbangalieva, A. R. (2023). The
Novel Chiral 2(5H)-Furanone Sulfones Possessing
Terpene Moiety: Synthesis and Biological Activity.
Molecules, 28(6), 2543.
https://doi.org/10.3390/molecules28062543.

Rossi R., Lessi M., Manzini C., Marianetti G., Bellina F.
Synthesis and biological properties of 2(5H)-furanones
featuring bromine atoms on the heterocyclic ring and/or
brominated substituents. Curr. Org. Chem. 2017;
21:964-1018. doi:
10.2174/1385272821666170111151917.

Kayumov, A. R., Sharafutdinov, 1. S., Trizna, E. Y., &
Bogachev, M. 1. (2020). Antistaphylococcal activity of 2
(5H)-furanone  derivatives. In New and  Future


https://doi.org/10.1016/j.hermed.2025.101062
https://doi.org/10.1371/journal.pone.0305348
https://doi.org/10.4103/0973-1296.149724
https://doi.org/10.1016/j.apjtb.2016.08.010
https://doi.org/10.4103/0250-474X.108420
https://doi.org/10.4103/0250-474X.108420
https://doi.org/10.1016/j.heliyon.2024.e30237
https://doi.org/10.1016/j.sjbs.2017.02.004
http://doi.org/10.53550/EEC.2025.v31i03s.067
http://doi.org/10.53550/EEC.2025.v31i03s.067
https://doi.org/10.30574/wjbphs.2025.21.1.0039
https://pmc.ncbi.nlm.nih.gov/articles/PMC3218439

R. Sathish Kumar et al.

Developments in  Microbial — Biotechnology and
Bioengineering:  Microbial  Biofilms (pp.  77-89).
Elsevier.

Smee, D. F., Huffman, J. H., Morrison, A. C., Barnard, D.
L., & Sidwell, R. W. (2001). Cyclopentane
neuraminidase inhibitors with potent in vitro anti-
influenza virus activities. Antimicrobial agents and
chemotherapy, 45(3), 743-748.
https://doi.org/10.1128/AAC.45.3.743-748.2001.

De Castro, M., Roque, C. S., Loureiro, A., Guimaraes, D.,
Silva, C., Ribeiro, A., Cavaco-Paulo, A., & Noro, J.

(2025).  Exploring  bio-based  alternatives  to
cyclopentasiloxane: Paving the way to promising
silicone  substitutes. Colloids and Surfaces A:

Physicochemical and Engineering Aspects, 707, 135915.
https://doi.org/10.1016/j.colsurfa.2024.135915.

Ko, Y., Lim, D., Choi, H., Choi, S., Choi, S., Hong, J.,
Yoon, Y. A., Chung, H., Lim, K. M., Kim, K. B, Lee, J.
Y., Kwack, S. J., & Bae, O. N. (2024). Risk assessment
of cyclohexasiloxane D6 in cosmetic products.
Toxicological Research, 40(3), 421.
https://doi.org/10.1007/s43188-024-00235-2.

Almasirad, A., Mousavi, Z., Tajik, M., Assarzadeh, M. J.,
&Shafiee, A. (2014). Synthesis, analgesic and anti-
inflammatory activities of new methyl-imidazolyl-1,3,4-
oxadiazoles and 1,2,4-triazoles. DARU Journal of
Pharmaceutical Sciences, 22(1), 22.
https://doi.org/10.1186/2008-2231-22-22.

Quir6sSauceda, A. E., Sdyago-Ayerdi, S. G., Ayala-Zavala,
J. F., Wall-Medrano, A., & Alvarez-Parrilla, E.
Biological Actions of Phenolic Compounds. 125-138.
https://doi.org/10.1002/9781119158042.ch6.

Zain-Alabdeen, A. I., El-Moselhy, T. F., Sharafeldin, N.,
Angeli, A., Supuran, C. T., & El-Hamamsy, M. H.
(2022). Synthesis and anticancer activity of new
benzensulfonamides incorporating s-triazines as cyclic
linkers for inhibition of carbonic anhydrase IX. Scientific
Reports, 12, 16756. https://doi.org/10.1038/s41598-022-
21024-7

Gerunova, L. K., Gerunov, T. V., Lavrenov, A. V.,
Sedanova, A. V., Delyagina, M. S., Fedorov, Y. N.,
Kornienko, N. V., Kryuchek, Y. O., & Tarasenko, A. A.
(2024). Butyric acid and prospects for creation of new
medicines based on its derivatives: A literature review.
Journal  of  Veterinary  Science, 25(2), e23.
https://doi.org/10.4142/jvs.23230.

Rasmussen, L. E. L., Lee, T. D., Zhang, A., Roelofs, W. L.,
& Daves Jr, G. D. (1997). Purification, identification,
concentration and bioactivity of (Z)-7-dodecen-1-yl
acetate: sex pheromone of the female Asian elephant,
Elephas maximus. Chemical senses, 22(4), 417-437.

Liu, Y., Zou, S., Wang, Z. et al. Advances in the biological

production of butyric acid. World J Microbiol

Biotechnol 42, 51 (2026).

https://doi.org/10.1007/s11274-025-04778-w.
www.ijzab.com

23

Int. J. Zool. Appl. Biosci., 11(3SP), 12-24, 2026

Muzahid, A. A., Sharmin, S., Hossain, M. S., Ahamed, K.
U., Ahmed, N., Yeasmin, M. S., Ahmed, N. U., Saha, B.
K., Rana, G. M., Maitra, B., & Bhuiyan, M. N. H.
(2022). Analysis of bioactive compounds present in
different crude extracts of Benincasahispida and
Cucurbita moschata seeds by gas chromatography-mass
spectrometry. Heliyon, 9(1), e12702.
https://doi.org/10.1016/j.heliyon.2022.e12702.

Rajeswaran, S., & Rajan, D. K. (2025). Neophytadiene:
Biological  activities and drug  development
prospects. Phytomedicine, 143, 156872.
https://doi.org/10.1016/j.phymed.2025.156872.

He, Y., Hwang, D. J., Ponnusamy, S., Thiyagarajan, T.,
Mohler, M. L., Narayanan, R., & Miller, D. D. (2021).
Exploration and biological evaluation of basic
heteromonocyclic propanamide derivatives as SARDs
for the treatment of enzalutamide-resistant prostate
cancer. Journal of medicinal chemistry, 64(15), 11045-
11062. https://doi.org/10.1021/acs.jmedchem.1c00439.

Parvathi, K., Kandeepan, C., Sabitha, M., Senthilkumar, N.,
Ramya, S., Boopathi, N. M., ... & Jayakumararaj, R.
(2022). In-silico absorption, distribution, metabolism,

elimination and toxicity profile of 9, 12, 15-
octadecatrienoic  acid (ODA) from  Moringa
oleifera. Journal of Drug Delivery and

Therapeutics, 12(2), 142-150.

Nandi, S., Nag, A., Khatua, S., Sen, S., Chakraborty, N.,
Naskar, A., ... & Sharifi-Rad, J. (2024). Anticancer
activity and other biomedical properties of B-sitosterol:
Bridging phytochemistry and current pharmacological
evidence for future translational
approaches. Phytotherapy Research, 38(2), 592-619. doi:
10.1002/ptr.8061.

Mahyavanshi, V., Marjadi, S. 1., & Yadav, R. (2017).
Synthesis and pharmacological studies of 1-(2-amino-1-
(4-methoxyphenyl) ethyl) cyclohexanol analogs as
potential  microbial agents. Arabian  Journal  of
Chemistry, 10, S804-S813.

Ullah, O., Shah, M., Rehman, N. U., Ullah, S., Al-Sabahi,
J. N, Alam, T., ... & Al-Harrasi, A. (2022). Aroma
profile and biological effects of Ochradenus arabicus
essential oils: A comparative study of stem, flowers, and
leaves. Molecules, 27(16), 5197.

Uguen, M., Gai, C., Sprenger, L. J., Liu, H., Leach, A. G.,
& Waring, M. J. (2021). Microwave-assisted synthesis
of 4-oxo-2-butenoic acids by aldol-condensation of
glyoxylic acid. RSC advances, 11(48), 30229-30236.

Han, G., & Lee, D. G. (2022). Antibacterial mode of action

of PB-amyrin promotes apoptosis-like death in
Escherichia coli by producing reactive oxygen
species. Journal of Microbiology and
Biotechnology, 32(12), 1547.

https://doi.org/10.4014/jmb.2209.09040.

Jiko, P. A., Mohammad, M., Richi, F. T., Islam, M. A.,
Alam, S., Taher, M. A., ... & Mamun, A. A. (2024).


https://doi.org/10.1007/s43188-024-00235-2
https://doi.org/10.1186/2008-2231-22-22
https://doi.org/10.1002/9781119158042.ch6
https://doi.org/10.4142/jvs.23230
https://doi.org/10.1007/s11274-025-04778-w
https://doi.org/10.1016/j.heliyon.2022.e12702
https://doi.org/10.1016/j.phymed.2025.156872
https://doi.org/10.1021/acs.jmedchem.1c00439

R. Sathish Kumar et al.

Anti-inflammatory, analgesic and anti-oxidant effects of
shirakiopsis indica (willd). fruit extract: a mangrove
species in the field of inflammation research. Journal of
Inflammation Research, 5821-5854.

Kovacs, A., Vasas, A., & Hohmann, J. (2008). Natural
phenanthrenes and their biological
activity. Phytochemistry, 69(5), 1084-1110.doi:
10.1016/j.phytochem.2007.12.005.

Paluka, J., Kanokmedhakul, K., Soytong, M., Soytong, K.,
Yahuafai, J., Siripong, P., & Kanokmedhakul, S. (2020).
Meroterpenoid  pyrones, alkaloid and bicyclic
brasiliamide from  the fungus Neosartorya
hiratsukae. Fitoterapia, 142,

104485 .https://doi.org/10.1016/j.fitote.2020.104485.

Sanchez-Ramos, M., Marquina-Bahena, S., Alvarez, L.,
Bernabé-Antonio, A., Cabafnas-Garcia, E., Roman-
Guerrero, A., & Cruz-Sosa, F. (2023). Obtaining 2,3-
Dihydrobenzofuran and 3-Epilupeol from
Ageratinapichinchensis (Kunth) R.King&Ho.Rob. Cell
Cultures Grown in Shake Flasks under Photoperiod and
Darkness, and Its Scale-Up to an Airlift Bioreactor for
Enhanced  Production.  Molecules, 28(2), 578.
https://doi.org/10.3390/molecules28020578.

Vlasov, S. V., Borysov, O. V., Severina, H. L. L., Vlasov, V.
S., Sharkh, A. I. M. A., & Georgiyants, V. A. (2024).
Synthesis, in silico and in vitro antimicrobial activity of
N-(benzyl)-5-methyl-4-0x0-3, 4-dihydrothieno [2, 3-d]
pyrimidine-6-carboxamides. Pharmacia, 71, 1-9.

Int. J. Zool. Appl. Biosci., 11(3SP), 12-24, 2026

Taher, M. A., Laboni, A. A., Shompa, S. A., Rahman, M.
M., Hasan, M. M., Hasnat, H., & Khan,
M. (2023). Bioactive compounds extracted from leaves
of G. Cyanocarpa using various solvents in
chromatographic separation showed anti-cancer and anti-
microbial potentiality in in silico approach. Chinese
Journal of Analytical
Chemistry, 51(12), 100336. https://doi.org/10.1016/j.cjac
.2023.100336.

Singh, P., Dhankhar, J., Kapoor, R. K., & Sharma, A.
(2023). A comparative study on GC-MS analysis and
antimicrobial activity of bioactive compounds present in
acrial parts (leaf and fruit) of Ficus benghalensis
L. Journal of Applied and Natural Science, 15(2), 870.
https://doi.org/10.31018/jans.v15i2.4618.

Timoszyk, A., &Grochowalska, R. (2022). Mechanism and
Antibacterial Activity of Gold Nanoparticles (AuNPs)
Functionalized with Natural Compounds from Plants.
Pharmaceutics, 14(12), 2599.
https://doi.org/10.3390/pharmaceutics14122599.

Silhavy, T. J., Kahne, D., & Walker, S. (2010). The
Bacterial Cell Envelope. Cold Spring Harbor
Perspectives in Biology, 2(5), a000414.
https://doi.org/10.1101/cshperspect.a000414.

Kamaraj, C., Rahuman, A. A., Siva, C., Iyappan, M., &
Kirthi, A. V. (2012). Evaluation of antibacterial activity
of selected medicinal plant extracts from south India
against human pathogens. Asian Pacific Journal of
Tropical Disease, 2, S296-S301. DOI: 10.1016/S2222-
1808(12)60169-8.

www.ijzab.com 24

© The Author(s) 2025 This article is published by International Journal of Zoology and Applied Biosciences under the terms of the Creative
Commons Attribution 4.0 International License (https://creativecommons org/licenses’by/4 0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original aithor and source are credited.



https://doi.org/10.31018/jans.v15i2.4618
https://doi.org/10.3390/pharmaceutics14122599
https://doi.org/10.1101/cshperspect.a000414
https://doi.org/10.1016/S2222-1808(12)60169-8
https://doi.org/10.1016/S2222-1808(12)60169-8

