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ABSTRACT

Despite the presence of bioactive phytochemicals reported in many medicinal plants, only limited
studies have investigated the antibacterial potential of Melanolepis multiglandulosa (Reinw.ex
Blume) Rchb. & Zoll) leaf extract against Pseudomonas aeruginosa ATCC 27853. This study
evaluated the phytochemical composition and antibacterial activity of the plant using Gas
Chromatography—Mass Spectrometry (GC-MS) and the Kirby—Bauer disc diffusion method. GC—
MS analysis of the ethanolic leaf extract identified 48 compounds, of which 43.75% were
reported to have antimicrobial activity, 27.08% anti-inflammatory activity, 18.75% antioxidant
activity, and 8.33% antibacterial activity. However, the ethanolic leaf extract at concentrations of
25%, 50%, 75%, and 100% showed no zone of inhibition against Pseudomonas aeruginosa
ATCC 27853 under the conditions employed in the study. This may be due to the natural
resistance of the bacterium, limited extraction efficiency, poor diffusion of phytochemicals in the
agar medium, and the use of Nutrient Agar instead of Mueller—Hinton Agar. Although no
antibacterial activity was observed, the presence of bioactive compounds suggests that
Melanolepis multiglandulosa still has potential medicinal value and supports the need for further
studies using other bacterial isolates and improved testing methods.

Keywords: antimicrobial, compounds, concentrations, nutrient agar, phytochemicals
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INTRODUCTION

Background of the study

Medicinal plants are important sources of natural compounds that help prevent and
treat different kinds of diseases (Marelli, 2021). For many generations, people have used
plants as remedies for common illnesses. In the Philippines, especially in Mindanao,
traditional medicine remains a significant part of health practices, especially in rural areas
where medicinal plants are easily available. One of these plants is Melanolepis
multiglandulosa, which belongs to the family of Euphorbiaceae family and is locally
recognized in the Philippines as alim or alom tree (Dapar, 2020). This plant is naturally
found in several Asian and Pacific countries, including Southern Japan, Taiwan, Thailand,
Malaysia, Indonesia, Papua New Guinea, the Solomon Islands, and the Mariana Islands
(Apostol et al., 2016). Because of its availability and traditional uses, it has gained
attention as a potential source of beneficial medicinal compounds. As interest in natural
medicines continues to grow, many researchers are investigating medicinal plants as
possible sources of new therapeutic agents.

In the Philippines, Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. & Zoll
is commonly used as a first-aid treatment for wounds, cuts, and skin infections. Traditional
healers and local communities usually crush the fresh leaves or prepare them as a decoction

before applying them directly to the affected area. This practice has been passed down
1



through generations and remains common in many communities today (Dapar et al., 2020).
Aside from wound treatment the plant is also known for its anti-inflammatory, antibacterial,
and wound-healing properties (Alhabri et al., 2023). Recent studies support these
traditional uses and show that the leaves contain bioactive compounds such as flavonoids,
tannins, saponins, and alkaloids, which are known to have antibacterial, anti-inflammatory,
and antioxidant properties (Apostol et al., 2016; Lazo & Caburian, 2025).

Even though Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. & Zoll is
commonly used in traditional medicine, most research has focused on its roots. Recent
studies by Dapar et al. (2020) and Lazo and Caburian (2025) found that the leaves also
have strong antibacterial and wound-healing properties showing that they deserve more
attention and further investigation. However, there is still limited information regarding the
chemical composition of the leaf extract and the compounds responsible for its
antibacterial activity. More studies are needed to validate its medicinal value using
standardized laboratory methods.

This study aims to address these gaps by conducting Gas Chromatography—Mass
Spectrometry (GC-MS) analysis and antibacterial testing of the ethanolic leaf extract of
Melanolepis multiglandulosa against Pseudomonas aeruginosa ATCC 27853. By doing
this, the study will provide scientific evidence to support its traditional use of the plant and
help identify the compounds that may contribute to its antibacterial activity. The findings
may serve as a basis for future studies and promote the development of local medicinal

plants as natural, affordable, and effective sources of antibacterial agents in the Philippines.
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Objectives

This study aims to determine the antibacterial activity of Melanolepis multiglandulosa
(Reinw. ex Blume) Rchb. & Zoll ethanolic leaf extract against Pseudomonas aeruginosa

ATCC 27853. Specifically, it aimed to:

1. Identify the bioactive compounds present in the ethanolic leaf extract using

Gas Chromatography—Mass Spectrometry (GC—MS) analysis; and

2. Evaluate the antibacterial activity of the ethanolic leaf extract at different
concentrations (25%, 50%, 75%, and 100%) against Pseudomonas aeruginosa
ATCC 27853 using Nutrient Agar, with Gentamicin as the positive control and

distilled water as the negative control.

Significance of the Study

This study is important in the fields of science, medicine, ethnobotany, and
community health. Scientifically, it provides new information about Melanolepis
multiglandulosa (Reinw. ex Blume) Rchb. & Zoll leaves since most previous studies
focused mainly on the roots. The GC-MS analysis identified the chemical compounds
present in the leaves and may serve as baseline data for future studies. In medicine, the
study evaluated whether the leaf extract has antibacterial activity against Pseudomonas

aeruginosa ATCC 27853, a bacterium known for its resistance to antibiotics which may



help in the search for natural sources of new antibacterial agents (Newman & Cragg, 2020).
In ethnobotany, the study helps support the traditional use of the plant through scientific
evidence. For the community, the findings may increase awareness of the potential
medicinal value of local plants especially as affordable natural remedies in areas with

limited healthcare access while also encouraging plant conservation and further research.

Scope and Delimitation

This study focused only on the leaves of Melanolepis multiglandulosa (Reinw. ex
Blume) Rchb. & Zoll while other parts such as the roots, bark, and stems were not included.
GC-MS analysis was used to identify the chemical compounds but it can only detect
volatile and heat-stable substances so some compounds may not have been identified. The
identification of compounds also depended on the reference database used. The
antibacterial test was conducted only against Pseudomonas aeruginosa ATCC 27853, so
the effectiveness of the extract against other bacteria was not evaluated which limits the
generalization of the findings. In addition, Nutrient Agar was used instead of Mueller—
Hinton Agar (MHA) which may have affected the diffusion of the extract and the accuracy
of the results. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) tests were also not performed so the exact antibacterial strength of
the extract was not determined. Since the study was conducted in vitro the results may not

fully represent what happens inside a living body where factors such as absorption,



digestion, and toxicity can affect the outcome. Despite these limitations, the study still
provides useful initial information about the chemical compounds and possible
antibacterial potential of Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. & Zoll

leaf extract against Pseudomonas aeruginosa ATCC 27853.



MATERIALS AND METHODS

Research Design

This study employed an experimental laboratory research design combining
qualitative, analytical, and microbiological methods to investigate the bioactive
compounds and antibacterial activity of the Melanolepis multiglandulosa (Reinw. ex
Blume) Rchb. & Zoll leaf extract. The research was divided into two major phases:
GC-MS analysis, and In Vitro Antibacterial assay against Pseudomonas aeruginosa

ATCC 27853 (Figure 1).
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Figure 1. Experimental procedure of GC-MS and In vitro Antibacterial Assay



Research Setting

The study took place in Gumbil, Tudela, Misamis Occidental (Figure 2.), where
the plant samples were collected. The extraction and antibacterial testing were conducted
at the Natural Science Department of Misamis University, using clean and controlled
laboratory equipment such as sterile work areas, autoclaves, and incubators. The rotary
evaporation process was carried out at at Mindanao State University — Iligan Institute of
Technology (MSU-IIT) to remove the solvent and concentrate the extract. For chemical
analysis, the leaf samples were sent to Ateneo de Davao University Laboratory, where
Gas Chromatography—Mass Spectrometry (GC—MS) was used to identify the compounds

in the extract.
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Figure 2. Map of collection site



Collection and Authentication of Plant Materials

Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. & Zoll was initially
identified by local residents of Gumbil, Tudela, Misamis Occidental, who are
knowledgeable about its traditional use, and authenticated by Mr. Bobby Alaman of
Misamis University. Fresh, healthy, mature leaves were collected early in the morning,
washed with tap water, rinsed with distilled water, and air-dried in a shaded,
well-ventilated area at room temperature. The dried leaves were then ground into a fine

powder and stored in sterile, airtight amber containers at 4 °C until extraction.

Preparation of Sample

The dried powdered leaves of Melanolepis multiglandulosa (Reinw. ex Blume)
Rchb. & Zoll were extracted by maceration using absolute ethanol. Five hundred grams
(500 g) of powdered leaves were soaked in 2 liters of ethanol for 5 days with occasional
stirring. The mixture was then filtered through Whatman No. 1 filter paper, and the
filtrate was concentrated using a rotary evaporator at the Mindanao State University—
Iligan Institute of Technology (MSU-IIT). The solvent was evaporated at approximately
45 °C to obtain the crude ethanolic extract while preserving the integrity of heat-sensitive
compounds (Dapar et al., 2021). The crude extract was transferred into sterile, airtight

amber containers and stored at 4 °C until GC-MS analysis and antibacterial testing.



Extract Preparation

For antibacterial testing, the crude extract was prepared in four concentrations using
distilled water: 25%, 50%, 75%, and 100% (pure/undiluted extract). For the 25%
concentration, 6.25 mL of extract was mixed with 18.75 mL of distilled water; for 50%,
12.5 mL of extract was mixed with 12.5 mL of distilled water; and for 75%, 18.75 mL of
extract was mixed with 6.25 mL of distilled water. The 100% solution remained as the pure

undiluted ethanolic extract.

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The GC-MS analysis of the Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. &
Zoll crude leaf extract was performed to identify its chemical constituents and determine
potential bioactive compounds associated with its antibacterial activity (Dapar et al.,
2021). A small portion of the extract was injected into the GC—MS instrument, where it
was vaporized and separated in the chromatographic column, generating peaks
corresponding to individual compounds. The detected peaks were identified by
comparison with the National Institute of Standards and Technology (NIST) library,
while the relative abundance of each compound was estimated from its peak area in the

chromatogram.



In Vitro antibacterial assay
The in vitro antibacterial activity of Melanolepis multiglandulosa (Reinw. ex Blume)
Rchb. & Zoll leaf extract was tested using a validated strain of Pseudomonas aeruginosa
(ATCC 27853), a bacterium commonly linked to wound infections and widely used in
antimicrobial studies (Pang et al., 2019). The bacterial inoculum was standardized using
the 0.5 McFarland standard, and Nutrient Agar was used for bacterial growth. The
antibacterial activity was evaluated using the Kirby—Bauer disc diffusion method with
gentamicin as the positive control and distilled water as the negative control. The
antibacterial activity was determined by measuring the zone of inhibition around each
disc. Positive and negative controls were included to validate the results, and all tests
were conducted under aseptic conditions to ensure accuracy and prevent contamination.
Sterile filter paper discs were first autoclaved to ensure sterility and then
impregnated with 10 pL of different concentrations of the Alim extract (25%, 50%, 75%,
and 100%). After drying, the discs were aseptically placed on the inoculated agar plates
and incubated at 37°C for 24 hours. The diameter of the zone of inhibition around each
disc was then measured in millimeters (mm) using a vernier caliper to determine

antibacterial activity (Dapar et al., 2021; Kebede et al., 2021).

10



Data Analysis
The data gathered from the study were analyzed using descriptive analysis. For the
GC-MS analysis, the identified compounds in the ethanolic leaf extract of Melanolepis
multiglandulosa (Reinw. ex Blume) Rchb. & Zoll were recorded and classified according
to their reported biological activities. For the antibacterial assay, the zone of inhibition
produced by the different concentrations of the extract against Pseudomonas aeruginosa
ATCC 27853 was observed and measured in millimeters (mm). The antibacterial activity
of the extract was determined based on the presence or absence of a zone of inhibition.
Method of Data Collection and Processing

Ethanolic leaf extracts of Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. &
Zoll were prepared at four concentrations: 25%, 50%, 75%, and 100%. The leaf extract
was analyzed using Gas Chromatography—Mass Spectrometry (GC-MS) to identify its
chemical compounds. For the antibacterial test, a standardized suspension of
Pseudomonas aeruginosa ATCC 27853 adjusted to 0.5 McFarland standard was
inoculated onto nutrient agar plates. The Kirby—Bauer disc diffusion method was used to
evaluate the antibacterial activity of the extract. The compounds identified through
GC-MS were listed and grouped according to their reported biological activities. The
zones of inhibition around each disc were measured in millimeters (mm). The results
were then compared with the positive control (Gentamicin) and negative control (distilled

water) to determine the antibacterial activity of the extract.
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RESULT AND DISCUSSION

Gas Chromatography — Mass Spectrometry Analysis

The result of the GC-MS analysis of Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. & Zoll leaf extract revealed the
presence of 48 identified compounds, which is shown in Table 1.

Table 1. Result of GC-MS Analysis of Melanolepis multiglandulosa (Reinw. ex Blume)
Rchb. & Zoll

Compounds Area  Similarity Molecular Biological Properties Organism Used
(%) Index Weight
(SI1%) (g/mol)
Undecane 0.19 97 156.31 Antimicrobial activity Not Specified
(Wang et. al., 2011)
Tridecane 0.09 97 184.36 Antimicrobial and Insecticidal Not Specified
activity(Wang et. al., 2011)
Hexadecane 0.07 95 226.44 Antimicrobial and Anti-oxidant  Staphylococcus aureus (MTCC 29213),

(Geethalakshmi&Sarada.,2013)  Streptococcus faecalis (MTCC0459),
Enterococcus faecalis (MTCC 2729),
Escherichia coli IMTCC 443),
Pseudomonas aeruginosa (MTCC 1035),
Salmonella typhi (MTCC 98),
Proteus vulgaris MTCC 1771),
Bacillus subtilis (MTCC 121),
Yersinia enterocolitica (MTCC 840)
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Nonadecane

Pentadecane

Hexadecane

Octadecane
Heptadecane

Pentadecane
Heneicosane
Heptadecane

Triacontane
Docosane

Heneicosane

0.06

0.06

0.07

0.17
0.07

0.15

0.07

0.12

0.11
0.16

0.37

93

97

93

94
93

97

89

96

87
96

97

268.52

212.41

226.44

254.49
240.47

212.41

296.58

240.47

422.81
310.6

296.58

and fungi such as Candida albicans (MTCC 183)
and Cryptococcus neoformans (MTCC 1346).
Antimicrobial Aspergillus brasiliensis,
(Ghavam et al. 2021) Staphylococcus aureus, Streptococcus pyogenes,
Pseudomonas aeruginosa, Candida albicans
Antimalarial, antimicrobial, and  Leishmania infantum
(Bruno et al., 2015)

Antioxidant and Antimicrobial Staphylococcus aureus (MTCC 29213),

(Geethalakshmi&Sarada.,2013)  Streptococcus faecalis (MTCC0459),
Escherichia coli (MTCC 443),
Pseudomonas aeruginosa (MTCC 1035),
Salmonella typhi (MTCC 98),
Vibrio cholera (MTCC 3906),
Proteus vulgaris (MTCC 1771),
Bacillus subtilis (MTCC 121),
Yersinia enterocolitica (MTCC 840),
Candida albicans (MTCC 183) and
Cryptococcus neoformans (MTCC1346).

Limited Biological Reports
Anti-inflammatory Activity Not Specified
(Kim et al., 2013)

Antimicrobial Activity Promastigotes and Amastigotes of

(Bruno et al., 2015) Leishmania infantum IPT1 strain.
Antimicrobial activity Staphylococcus aureus, Sarcina lutea,
(Biswas et al., 2017) Pseudomonas aeruginosa, Escherichia coli
Anti- inflammatory Activity Not Specified

(Kim et al.,2013)
Limited Biological Reports

Antibacterial activity Erwinia amylovora and Ralstonia solanacearum
(Nguyen et al., 2026)
Antioxidant activity Not Specified
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Nonacosane
(CAS) n-Nonacosane

Hentriacontane
Docosane

Nonacosane
Tetratetracontane

Isopropyl Myristate
Ethyl 9-hexadecenoate
Ethyl 9-hexadecenoate

Hexadecanoic acid, ethyl ester

Lenoleic acid ethyl ester

9,12,15-Octadecatrienoic acid,
ethyl ester,(Z,Z,Z2)-
Octadecanoic acid,

ethyl ester

Ethyl tridecanoate

0.84

1.03

1.94

0.09
1.09

0.15

0.30

0.20

2.57

1.38

3.01

1.21

0.09

97

95

96

85
95

94

83

88

96

95

88

94

76

408.79

436.85

310.6

408.79
619.2

270.45

282.46

282.46

284.48

308.5

306.48

312.53

242.4

(Vanetha et al., 2020)

Limited Biological Reports

Anti-inflammatory
(BenChem, 2026)
Antibacterial activity
(Nguyen et al., 2026)

Not Specified

Erwinia amylovora and Ralstonia solanacearum

Limited Biological Reports

Antioxidant and antimicrobial
(Rhetso et al., 2020)
Penetration enhancer
(Opadyke et al., 1976)
Anti-inflammatory activity
(SmMolecule Inc.)
Anti-inflammatory activity
(SmMolecule Inc.)
Anti-inflammatory and
Antimicrobial activity

(Ali Ghfil et al.,, 2025)
Antioxidant,

cardioprotective properties
(Agunloye et al., 2025)
Anti-oxidant and Antimicrobial
(Tian et al., 2018)
Anti-inflammatory, anticancer
activities and antimicrobial
(Agunloye et al., 2025)

Staphylococcus aureus and
Pseudomonas aeruginosa.
Not Specified

Not Specified

Not Specified

S. aureus and Bacillus subtilis

Not Specified

Not Specified

Not Specified

Limited Biological Reports
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o0-Menthan-8-ol

3,7,11,15-Tetramethyl-2-
hexadecen-1-ol
1,6,10,14-Hexadecatetraen-3-ol,
3,7,11,15-tetramethyl-,(E,E)-

2,6,10,14,18,22-Tetracosahexae
ne,2,6,10,15,19,23-hexamethyl-
, (all-E)-

Terephthalic
acid,di(2-ethylhexyl) ester
n-Hexadecanoic acid

cis,cis,cis-7,10,13-Hexadecstrie
nal

Propanoic acid,2-methyl-,
1-(1,1-dimethylethyl)-2-methyl-
1,3-propanediylester
1H-Purin-6-amine,
[(2-fluorophenyl)methyl]-

1,2-Benzenedicarboxylic
acid,bis(2-methylpropyl) ester
1,2-Benzenedicarboxylic
acid,bis(2-ethylhexyl)
ester(CAS)Bis(2-ethylhexyl)Pht
halate

0.34

0.15

0.24

3.78

2.73

1.56

0.81

0.77

0.48

0.35

0.12

89

94

88

96

84

80

89

92

66

95

94

154.25

296.53

290.49

410.73

390.56

256.42

234.38

258.4

217.24

278.34

390.56

Antimicrobial and
Anti-inflammatory
(BenchChem Technical Support
Team, 2026)

Antimicrobial

(Cox-Georgian et al., 2019)
Anti-inflammatory and
Antioxidant

(Chan et al., 2016).

Antioxidant and antimicrobial
(Wang, X., et al. 2024).

Antioxidant, and antimicrobial
(El sayed et al., 2015)
Anti-inflammatory and
Antimicrobial

(Mangcini et al., 2015)
Antimicrobial activity

(Karar et al., 2022)

Not Specified

E. coli , S. aureus , and Bacillus cereus

Not Specified

Not Specified

Cryptococcus neoformans

Not Specified

Not Specified

Limited Biological Reports

Antimicrobial
(Arafat et al., 2025)

Enterococcus durans

Contaminant

Contaminant

15



NEOPHYTADIENE

1,2-Diphenyltetramethyl
disilane

Dodecane, 4,6-dimethyl-
3,5-dimethyldodecane
9-Eicosyne

9-Octadecenamide,(Z)-

9,12-Octadecanoic
acid (Z,2)-

2-Pentadecanone,6,10,14-trimet

hyl

7,9-Di-tert-butyl-1-oxaspiro(4,5

)deca-6,9-diene-2,8-dione

Dodecane, 4-cylohexyl

0.35

0.35

0.11
0.13
0.23

0.13

0.10

0.09

0.08

0.06

94

65

94
92
90

95

86

92

83

85

278.47

270.46

198.39
198.39
278.52

281.48

280.45

268.48

276.37

252.48

Anxiolytic-like and
Antimicrobial

(Rajeswaran & Rajan, 2025)

Not Specified

Limited biological reports

Limited Biological Reports
Limited Biological Reports

Antimicrobial
(Rushdi et al., 2021)

Anti-inflammatory activity
(Isbelin et al., 2021)

Anti-inflammatory,
Hypocholesterolemic, and
anticancer activities
(Isbelin et al., 2021)
Antibacterial

(MedChem Express)

Antibacterial Activity
(Zaidi et al., 2021)

Limited biological reports

Aspergillus niger, Aspergillus flavus, Candida

utilis, Fusarium solani, and Pythium parasiticum

Not Specified

Not Specified

S.aureus and
Candida albicans

Streptomyces sp. EMB26

Dodecane, 4-cylohexyl
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Based on the biological activities of the compounds shown in Table 2, 43.75% have
antimicrobial properties, 27.08% have anti-inflammatory activity, 18.75% have
antioxidant activity, and 8.33% have antibacterial activity. These results show that the leaf

extract contains different active compounds that may have useful medicinal effects.

Table 2. Total percentage (%) of biological properties of the identified compounds

Biological Properties Percentage (%)
Antimicrobial 43.75%
Anti-Inflammatory 27.08%
Antioxidant 18.75%
Antibacterial 8.33%

Several identified compounds, including 2,6,10,14,18,22-tetracosahexaene,
9,12,15-octadecatrienoic acid ethyl ester, terephthalic acid di(2-ethylhexyl) ester,
hexadecanoic acid ethyl ester, linoleic acid ethyl ester, octadecanoic acid ethyl ester,
n-hexadecanoic acid, neophytadiene, and 3,7,11,15-tetramethyl-2-hexadecen-1-ol, have
been reported to exhibit antibacterial and antimicrobial activities (Agunloye et al., 2025;
Cox-Georgian et al., 2019). These compounds may inhibit the growth of microorganisms
by disrupting bacterial cells or interfering with essential cellular processes. For example,
linoleic acid ethyl ester has been reported to exhibit antimicrobial activity against oral
bacteria, including Streptococcus mutans, Porphyromonas gingivalis, Fusobacterium
nucleatum, and Aggregatibacter actinomycetemcomitans (Huang et al., 2010). These

findings indicate the extract's potential antimicrobial and medicinal properties.
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Furthermore, linoleic acid is known to block the bacterial enzyme enoyl-acyl carrier
protein reductase (Fabl), which is important for the production of fatty acids needed by
bacteria to grow and survive (Zheng et al., 2005). When this enzyme is inhibited, bacteria
cannot produce essential cell components, which can suppress their growth. Therefore,
Fabl is considered an important target for developing new antibacterial agents.

Fatty acids and their esters, such as hexadecanoic acid (palmitic acid), linoleic acid
ethyl ester, and 9,12,15-octadecatrienoic acid ethyl ester, showed high peak areas in the
chromatogram, indicating that they were present in larger amounts in the extract.

Previous studies have reported that these compounds may have anti-inflammatory,
antioxidant, and antimicrobial activities (Agunloye et al., 2025). Their antimicrobial effect
may be related to their ability to damage the bacterial cell membrane, increase membrane
permeability, and interfere with important enzymes needed for bacterial survival (Desbois
& Smith, 2010). These actions can weaken or inhibit bacterial growth.

Although more alkane hydrocarbons (e.g., undecane, tridecane, hexadecane, and
nonadecane) were identified than fatty acid esters their cumulative percentage was lower
because GC-MS abundance is based on peak area (Area %) rather than the number of
detected compounds (Figure 3). Many hydrocarbons were present only in small amounts
whereas fewer fatty acid ester compounds showed larger peak areas resulting in greater
quantitative abundance in the extract. The extract also contained terpenoids, fatty acids,
aldehydes, ketones, and other minor compounds, which may contribute to its biological

activities particularly its antimicrobial potential.
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Figure 3. Peak Area of the Compounds

Furthermore, terpenoid-related compounds, including neophytadiene and phytol derivatives (e.g.,
3,7,11,15-tetramethyl-2-hexadecen-1-0l), have been reported to exhibit antioxidant, anti-inflammatory, and antimicrobial

activities (Cox-Georgian et al., 2019; Rajeswaran & Rajan, 2025).
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These findings suggest that the leaf extract may possess therapeutic potential beyond
its antibacterial activity.Rajeswaran & Rajan, 2025). The presence of compounds with
multiple biological activities suggests that the extract may be useful for different medicinal
applications. In traditional medicine, plants with diverse phytochemicals are often valued
because they can provide several beneficial effects simultaneously. This supports the need
for further studies on the pharmacological properties of the plant.

Long-chain hydrocarbons such as pentadecane and heptadecane were also detected.
These compounds are commonly associated with plant cuticular waxes and may contribute
to the plant’s protective functions and extract stability (Wang et al., 2020). Some studies
have also reported antimicrobial activity of pentadecane against L. infantum in vitro
(Bruno et al., 2019) while heptadecane has been associated with anti-inflammatory effects
(Kim et al., 2013). Although these hydrocarbons are not considered the main active
antibacterial compounds, they may contribute to the overall biological activity of the
extract. They may also interact with other phytochemicals, resulting in synergistic effect.
Such interactions could improve the effectiveness of the crude extract compared to
individual compounds alone.

Phthalate-related compounds, such as 1,2-benzenedicarboxylic acid esters and
terephthalic acid derivatives, were also detected in the GC-MS analysis. However, these
compounds may not originate from the plant. They are commonly recognized as
contaminants originating from plastic materials used during sample preparation, storage, or

laboratory analysis (Wang & Qian, 2021). Plastic containers, laboratory tools, solvents,
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and even parts of the GC-MS instrument may release small amounts of phthalates during
testing (Reid et al., 2007). Because of this, the presence of these compounds in the
chromatogram should be interpreted carefully and may not represent true chemical
components of Melanolepis multiglandulosa (Reinw. ex Blume) Rchb. & Zoll.

The similarity index values for most identified compounds ranged from 90% to 97%
indicating reliable compound identification. However, compounds with similarity scores
below 80% may require further confirmation using additional analytical techniques such as
nuclear magnetic resonance (NMR) spectroscopy or authentic standards. Additional
confirmation is important because compounds with low similarity scores may be
incorrectly identified. Combining GC—MS with other analytical techniques can provide
more accurate structural information. This approach would strengthen the validity of future
phytochemical studies.

Overall, the GC-MS profiling of Melanolepis multiglandulosa (Reinw. ex Blume)
Rchb. & Zoll leaf extract revealed the presence of several phytochemical compounds
previously reported to possess antimicrobial activities particularly fatty acid esters and
terpenoid derivatives. These compounds may contribute to the antibacterial potential of the
extract against Pseudomonas aeruginosa ATCC 27853. Further studies including
compound isolation and additional in vitro and in vivo biological assays are recommended
to further validate the antibacterial activity of the identified compounds. These findings
provide baseline data for future studies and support the potential of Melanolepis

multiglandulosa (Reinw. ex Blume) Rchb. & Zoll as a plant-based antimicrobial source.
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In vitro Antibacterial assay

Using Pseudomonas aeruginosa ATCC 27853 as the test bacterium was an
appropriate scientific choice since it is an important opportunistic pathogen commonly
found in healthcare-associated infections, wounds, respiratory infections, urinary tract
infections, and immunosuppressed patients (Wilson et al., 2023). The bacterium is also
widely used in antimicrobial testing because of its known resistance to many antibiotics
(Pang et al., 2019). Testing the plant extract against a highly resistant bacterium helped
determine whether the extract has antibacterial potential against difficult-to-treat
pathogens. In addition, the use of a validated ATCC strain improved the reliability of the
results. However, since only one bacterial isolate was tested the findings cannot be
generalized to all microorganisms.

Although the leaf extract contained compounds previously reported to have
antimicrobial properties the antibacterial test showed no visible zone of inhibition (ZOI)
against Pseudomonas aeruginosa ATCC 27853 presented in Table 3 and Figure 4 at all
concentrations tested (25%, 50%, 75%, and 100%). This is indicative that the extract did
not show visible antibacterial activity against the test organism under the experimental
conditions employed in the study. In comparison, the positive control exhibited a visible
zone of inhibition confirming that the test organism remained viable and responsive to

antibacterial agents while the negative control showed no inhibitory effect.
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Table 3. Results for Inhibitory Zones against Pseudomonas aeruginosa ATCC 27853

Sample Concentration Inhibitory Zone (mm)
o,
) Trial Trial Trial Positive Negative
1 2 3 Control  Control
25% 0 0 0 21 0
Leaves 50% 0 0 0 22 0
75% 0 0 0 24 0
100% 0 0 0 21 0

Figure 4. Pseudomonas aeruginosa ATCC 27853 in different concentrations

The antimicrobial effects of the extracts of the plants might differ based on the
bacteria’s strain, species, and cell wall composition (Pang et al., 2019). This suggests that
the results of the present study cannot be generalized to other microorganisms without
further investigation involving additional Gram-positive and Gram-negative bacteria.

The lack of antibacterial activity against P. aeruginosa (ATCC 27853) may primarily
be associated with the intrinsic resistance mechanisms of the organism. This bacterium is

recognized as one of the most resistant Gram-negative pathogens due to several structural
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and physiological defense mechanisms (Elfadadny et al., 2024). One major factor is the
presence of a low-permeability outer membrane that restricts the entry of many
antimicrobial substances including plant-derived compounds (Pang et al., 2019). Moreover,
P aeruginosa (ATCC 27853) is equipped with efflux pumps that are highly efficient in
pumping out toxic substances from the bacterial cells before their bactericidal activity
takes effect (Elfadadny et al., 2024). The bacterium can produce enzymes that may break
down or inactivate antimicrobial agents (Pang et al., 2019). Its ability to form biofilms also
increases resistance by creating a protective layer that prevents antibacterial substances
from entering the cells (Poole, 2011). These defense mechanisms may explain why no
inhibition zone was observed at any concentration of the extract.

Aside from the intrinsic resistance characteristics of P. aeruginosa (ATCC 27853)
several methodological and phytochemical factors may have influenced the outcome of the
antibacterial assay (Balouiri et al., 2016). One important consideration is extraction
efficiency. In this study we utilized ethanol as the extraction solvent. Ethanol was used as
the extraction solvent because it can dissolve many plant compounds such as flavonoids,
phenolics, tannins, alkaloids, and terpenoids (Azwanida, 2015; Dai & Mumper, 2010).

According to Azwanida (2015), the effectiveness of plant extraction largely
depends on the polarity of the solvent, extraction conditions, and the chemical nature of the
target compounds. Previous studies reported that solvent polarity and extraction conditions
can affect the recovery of antimicrobial compounds (Ahamad et al., 2025). Although

ethanol is considered an effective solvent some active compounds may not have been fully
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extracted because of differences in polarity and extraction conditions (Ahamad et al., 2025;
Pandey et al., 2025). Factors such as extraction time, temperature, solvent concentration,
and preparation of plant material may also influence the amount of bioactive compounds in
the extract (Dai & Mumper, 2010). Therefore, the absence of antibacterial activity may
have been partly due to low amounts of active compounds in the extract.

The concentration, stability, availability, and interaction of phytochemicals may also
affect biological activity (Dai & Mumper, 2010; Azwanida, 2015). It is possible that the
active compounds were present only in small amounts that were not enough to inhibit a
highly resistant bacterium such as P. aeruginosa ATCC 27853.

Another factor that may have affected the results is the use of the Kirby—Bauer disc
diffusion method. Although this method is widely used for antibacterial testing, it may not
always work well for crude plant extracts (Bubonja-Sonje et al., 2020). Some plant
compounds have large molecules, poor water solubility, or different chemical properties
that make it difficult for them to spread through the agar medium. Because of this, the
extract may not produce a visible zone of inhibition even if antibacterial compounds are
present. Therefore, the absence of a visible ZOI does not always mean that the extract has
no antibacterial activity, but it may indicate poor diffusion of the compounds in the agar
(Bubonja-Sonje et al., 2020).

The type of culture medium used may have also affected the results. Nutrient Agar is a
general-purpose medium commonly used for growing bacteria because it contains

nutrients such as peptone, beef extract, and sodium chloride (Tankeshwar, 2016). Some
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studies have also used Nutrient Agar in antimicrobial testing involving P. aeruginosa
(ATCC 27853) (Rahaman et al., 2024). However, Mueller—Hinton Agar (MHA) is the
standard medium recommended for Kirby—Bauer antimicrobial testing because it allows
better diffusion of antimicrobial compounds and more reliable measurement of inhibition
zones (Rashid & Islam, 2024). Since this study used Nutrient Agar instead of MHA the
movement of the plant extract in the agar may have been affected which could have
contributed to the absence of visible inhibition. Therefore, the findings should be
interpreted cautiously and the use of non-standard agar medium should be recognized as a
limitation of the study.

Differences in bacterial structure may also explain why the results differed from
previous studies. Lazo and Caburian (2025) reported antibacterial activity of the extract
against Staphylococcus aureus. Unlike Pseudomonas aeruginosa, Staphylococcus aureus
is a Gram-positive bacterium characterized by a thicker peptidoglycan layer but does not
have the outer lipid membrane found in Gram-negative bacteria (Silhavy et al., 2010).
Because of this, antimicrobial compounds can enter Gram-positive bacteria more easily
making them generally more sensitive to plant extracts (Cowan, 1999). In contrast, the
outer membrane of Pseudomonas aeruginosa acts as an extra barrier that reduces the effect
of many antibacterial agents (Elfadadny et al., 2024). This difference in structure may
explain why antibacterial activity was observed against Staphylococcus aureus in previous

studies but not against Pseudomonas aeruginosa ATCC 27853 in the present study.
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The findings of the present study indicate that the leaf extract showed no inhibitory
effect against P. aeruginosa (ATCC 27853) under the experimental conditions employed.
However, factors such as the natural resistance of the bacterium, extraction efficiency, poor
diffusion of plant compounds in agar and the use of Nutrient Agar instead of Mueller—
Hinton Agar may have affected the results. Further studies using different extraction
methods, solvents, bacterial strains, and more sensitive antibacterial tests are

recommended to better evaluate the antibacterial potential of the plant extract.
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CONCLUSION AND RECOMMENDATION

This study identified the chemical compounds and evaluated the antibacterial
activity of the ethanolic leaf extract of Melanolepis multiglandulosa (Reinw. ex Blume)
Rchb. & Zoll against Pseudomonas aeruginosa ATCC 27853. GC-MS analysis detected 48
compounds, including hydrocarbons, fatty acid esters, terpenoids, aldehydes, and alcohols,
many of which have been reported to possess biological activities. However, the extract did
not show antibacterial activity at any of the tested concentrations (25%, 50%, 75%, and
100%), as no zone of inhibition was observed. Despite this result, the presence of various
bioactive compounds suggests that Melanolepis multiglandulosa (Reinw. ex Blume) Rchb.
& Zollmay still have potential medicinal value and deserves further study.

Future studies should evaluate the antibacterial activity of Melanolepis
multiglandulosa (Reinw. ex Blume) Rchb. & Zoll against other bacterial species, including
both Gram-positive and Gram-negative bacteria. The use of Mueller—Hinton Agar and
standard antimicrobial testing procedures is recommended to improve the reliability of the
results. Further research should also determine the Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC) of the extract. In addition,
improved extraction methods and the isolation of specific bioactive compounds are

recommended to further investigate the plant's antimicrobial and medicinal potential.
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Appendix D.1. Leaf sample
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Appendix E. 1. Washing of leaf samples
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Appendix E.2. Drying and grinding of leaf samples
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Appendix E.3. Leaf sample extraction
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Appendix E.S. Antibacterial Testing
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APPENDIX F. ANTIBACTERIAL RESULT

Pseudomonas aeruginosa ATCC 27853

Appendix F.1. No Zone of Inhibition Result
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