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ABSTRACT

	 Pneumonia is a respiratory infection caused by microorganisms including bacteria. Current 
treatment with antibiotics leads to bacterial resistance. An alternative treatment involves utilizing 
coastal plants. In this study, five parts of eleven coastal plants underwent phytochemicals screening 
and investigated for their antibacterial activity against five pneumonia bacteria. Cold extraction was 
performed using hexane and methanol, successively. Qualitative phytochemicals screening and 
antibacterial testing were done using several reagents and agar well diffusion method, respectively. 
The results revealed that almost all hexane and methanolic fractions from coastal plants showed 
antibacterial activity, except Vitex rotundifolia leaves. The highest activity was shown by hexane 
fraction of Rhodomyrtus tomentosa leaves. Among the methanolic fractions, Syzigium grande twigs 
exhibited the highest antibacterial property. Phytochemical screening revealed the presence of 
flavonoids in all active fractions, potentially correlating with their antibacterial activity. In summary, 
some selected coastal plants have the potential to act as anti-pneumonia bacteria agents.

Keywords: Extraction, Methanol, Hexane, Phytochemicals, Coastal plants, 
Anti-pneumonia bacteria.

INTRODUCTION

	 A type of disease that spreads worldwide is 
respiratory diseases, including asthma1–3, influenza4, 
tuberculosis3, lung cancer2,3, chronic obstructive 

pulmonary disease (COPD)1–3, pulmonary fibrosis5, 
pneumonia6. Over the past 150 years, respiratory 
diseases have remained a significant cause for 
disability and mortality3. According to Centers 
for Disease Control and Prevention7, respiratory 
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diseases were among the top ten causes of 
death in 2020. The development of respiratory 
diseases is caused by various factors, including 
smoking, exposure to air pollution, and infection by 
microorganisms. 

	 One of infectious disease agents is 
bacteria, and some studies have reported that 
bacteria have caused 10%-30% of all infectious 
diseases in human, leading to millions of deaths 
every year8–11. Several bacterial species commonly 
identified as causative agents of respiratory tract 
infections that have contributed to global mortality 
and morbidity rates include Klebsiella pneumoniae, 
Streptococcus pneumoniae, Staphylococcus 
aureus, Staphylococcus cohnii, Pseudomonas 
aeruginosa, and Escherichia coli12–14. Pneumonia 
is more frequently caused by Gram-negative 
bacteria than Gram-positive bacteria15. These 
bacteria can cause several types of pneumonia, 
such as Community Acquired Pneumonia (CAP) 
and Hospital Acquired Pneumonia (HAP), based 
on the place where the infection occurs. CAP is 
commonly caused by bacteria like K. pneumoniae16, 
S. pneumoniae17, and E. coli18, while HAP is caused 
by P. aeruginosa15.

	 Current drugs used to treat the infection 
include antibiotics. However, existing antibiotics 
have been less effective due to the increasing 
bacter ial resistance to these antimicrobial 
substances19. The rise in antibiotic resistance 
among pathogenic microbial agents, along with 
antibiotics’ adverse effects on the human body, 
has prompted researchers worldwide to explore 
and discover new alternative drugs to address 
this issue. One approach involves investigating 
natural products as potential alternative treatments. 
Previous studies have reported that medicinal 
plants have been used to treat several respiratory 
diseases like pneumonia, cough, cold, bronchitis, 
and asthma, and these plants include Glycyrrhiza 
glabra (liquorice), Hyssopus officinalis (mint)20, 
Magnifera indica (mango)21, Psidium guajava 
(guava)22, Allium sativum (garlic)23, Allium cepa 
(onion)24, Zingiber officinale (ginger) and Eucalyptus 
globuluus (blue gum eucalyptus)25. Also, the World 
Health Organization (WHO) reported that herbal 
medicines are used as traditional medicine in 

about 88% of all countries. In addition, natural 
products are used in over 40% of pharmaceutical 
formulations26 and herbal medicine is used for 
basic health care in around 70-95% populations 
of developing countries27.

	 Coastal plants have been known as 
the natural product that produces bioactive 
compounds and acts in several biological activities. 
For instance, the extract of Avicennia marina, 
which is rich in total phenol and flavonoid, has 
been shown to possess antibacterial properties 
against P. aeruginosa28. Apart from mangrove 
trees, other flowering coastal plants may be found 
along the shore in the coastal areas and above 
the high tide line. In addition, coastal plants has 
been used traditionally as a medicinal treatment 
in the community, such as Xylocarpus granatum 
being used to treat dyspnea by the Indonesian 
community29, the root of Acanthus licifolius to treat 
asthma and cough, and Aegiceras corcniculatum 
to treat asthma30,31. Coastal plants hold potential 
as an alternative approach to combat respiratory 
infect ions caused by pathogenic bacter ia. 
However, compared to terrestrial plants, research 
on the antibacterial activity of coastal plants 
remains limited.

	 Based on the research gap identified 
in the literature, this study investigated the 
potency of antibacterial properties from several 
coastal plants to determine their suitability as 
an alternative treatment for pneumonia caused 
by bacterial infections. The study was conducted 
using several locally available coastal plants 
(Fig. 1), which were extracted using hexane 
and methanol successively, then subjected to 
phytochemical screening and antibacterial tests 
using agar well diffusion. As reported by Andriani  
et al., 202332 S. alba, P. tectorius, P. pongamia, and 
H. tiliaceus were active against K. pneumoniae. 
However, they have not been tested against 
other pneumonia-causing bacteria. Therefore, the 
antibacterial activities of these three coastal plants 
need to be evaluated against other pneumonia-
causing bacteria. The outcomes of this study will 
provide new knowledge about which coastal plants 
have high potential as an alternative treatment 
against pneumonia bacteria.
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Fig. 1. Selected coastal plants in this study

MATERIALS AND METHODS

Sample Collection and Preparations
	 The selected coastal plants were collected 
from various areas within the state of Terengganu, 
Malaysia, including Kuala Nerus district (Universiti 
Malaysia Terengganu, Tanjung Gelam Beach, and 
Tok Jembal) shown in Fig. 2, and Marang district 
(Bukit Kor) shown in Fig. 3. Several parts of the 

plant were used, such as leaves, twigs, seeds, rinds, 
and flowers. The description of the coastal plants 
(scientific and local names), parts of the plants used, 
and sampling locations are shown in Table 1. The 
images of the coastal plants are shown in Fig. 1. 
The weight of all parts of the plants was measured 
before the drying process. The samples were dried 
using a freeze dryer and ground into powder using 
a grinder or blender.

Table 1: Selected Coastal Plants with their local names, part of the plants used, and sampling area location

Plant Species	 Local Names	 Part Used	 Location

Canavalia rosea	 Beach bean/Coastal Jack-bean	 Leaves, Twigs, Seeds, Rinds	 Tanjung Gelam Beach Area

Hibiscus tiliaceus	 Sea hibiscus/coast cottonwood	 Leaves	 UMT Area

Ipomoea pescaprae	 Beach morning glory/tapak kuda	 Leaves, Twigs	 UMT Area

Melastoma malabathricum	 Senduduk	 Leaves, Twigs, Flowers	 Tok Jembal Area

Pandanus tectorius	 Mengkuang Laut/Screw Pine	 Leaves	 Tanjung Gelam Beach

Pongamia pinnata	 Indian beech/pongame oiltree	 Leaves, Twigs, Seeds, Rinds	 UMT Area

Rhodomyrtus tomentosa	 Kemunting	 Leaves	 Bukit Kor

Syzigium grande	 Sea apple/Jambu Laut	 Leaves, Twigs	 Tanjung Gelam Beach Area

Sonneratia alba	 Mangrove apple/perepat	 Leaves, Twigs	 UMT Area

Terminalia catappa	 Sea almond/Indian almond	 Leaves	 UMT Area

Vitex rotundifolia	 Round leaved chaste tree	 Leaves, Twigs	 Tanjung Gelam Beach Area
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Fig. 2. Sampling Site at Kuala Nerus District

Fig. 3. Sampling site at Marang District

Extraction of Plant Samples
	 The powder samples were extracted using 
hexane and methanol successively to produce 
hexane and methanol fractions. The filtrate was 
filtered using Whatman paper No. 1 and then 

evaporated using a rotary evaporator at 50-60oC,  
40 rpm until the solvent evaporated. The yield 
obtained was stored in a cold room and used to 
screen for antibacterial activity against selected 
pathogenic bacteria.
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Phytochemical Screening
	 The fraction samples were proceeded to 
phytochemical constituent testing. Phytochemicals 
of active fractions were tested using different 
chemical tests to detect different phytoconstituents 
using a standard procedure33–35. The tests were 
performed for phenols and tannins (Ferric chloride 
test),  flavonoids (Alkaline reagent test), alkaloids, 
terpenoids (Salkowski’s test), steroids (Liebermann-
Burchard test), saponins (Frothing test, glycosides 
(Keller-kiliani test), and quinones.

Antibacterial assay
	 The antibacterial assay of the hexane and 
methanolic fractions of several coastal plants was 
tested against five human pathogenic bacteria using 
the agar well diffusion method36. Two Gram-positive 
bacteria were represented by Staphylococcus 
aureus and Staphylococcus cohnii. Meanwhile, 
Gram-negative bacteria were represented by 
Klebsiella pneumoniae, Escherichia coli, and 
Pseudomonas aeruginosa. The pneumonia bacteria 
were sub-cultured to Nutrient Agar (NA) medium and 
incubated for 24 hours at 37oC.

Modified agar well diffusion method 
	 The method used in this research was 
based on the modified agar well diffusion method 
developed by Magaldi et al., (2004)36. Mueller Hinton 
Agar (MHA) medium was used for antibacterial 
susceptibility testing. The cultured bacteria were then 
diluted in sterilized dH2O until it obtained an optical 
density (OD) of 0.5 MacFarland (1.0x108 CFU/mL). 
All fractions were tested with selected bacteria. The 
bacteria cultures were then swabbed on Mueller 
Hinton Agar (MHA) medium using a sterilized cotton 
swab and left for 5 min for drying. 10 mg/mL of 
fractions was diluted in 1 mL DMSO in a sterilized 
1,5 mL Eppendorf tube. The well of agar medium 
was made using sterilized forceps with a diameter 
of 6 mm. 10 mg/mL of fractions were loaded into 
each well and incubated at 37oC for 24 hours. The 
inhibition zone formed was measured in millimetre. 
The resulting inhibition zone (IZ) was categorized as 
listed on Table 237–39. The active fractions were then 
proceeded to the minimum inhibitory testing.

Minimum inhibitory concentration
	 Test of minimum inhibitory concentration 
was only done to the fractions that were active to 
form the inhibition zone against pneumonia bacteria. 
Two-fold serial dilution was done to obtain several 
concentrations. The concentrations used in this 
research were 10 mg/mL, 5 mg/mL, 2.5 mg/mL,  
1.25 mg/mL, and 0.625 mg/mL. The positive control 
was 0.01 mg of antibiotic gentamycin and the 
negative control was DMSO. The agar plate medium 
was divided into different parts, and each sample 
was loaded into each well. The plate was incubated 
for 24 h at 37oC. After 24 h the inhibition zone was 
measured to see the lowest concentration that could 
inhibit the bacteria.

Statistical analysis
	 The statistical analysis of the triplicate 
data for the inhibition zone diameter values and 
minimum inhibitory concentration (MIC) values 
was performed using the Windows version 26 
of the Statistical Packages for Social Sciences 
(SPSS) software. Each experimental value was 
presented as the mean and standard deviation 
(SD). To assess the significance of differences and 
interactions between variables, a one-way analysis 
of variance (ANOVA) was conducted, followed 
by the Post hoc Duncan test. The corresponding 
p-values of the test were compared to determine 
statistical significance. In this study, p-values<0.05 
were considered significant.

RESULTS AND DISCUSSION

Phytochemical Screening of Fractions of 
Selected Coastal Plants
	 The qualitative phytochemical analysis 
of fractions from selected coastal plants revealed 
different phytochemical constituents, including 
quinone, saponin, steroid, glycoside, alkaloid, 
flavonoid, terpenoid, phenol and tannin, as listed 
in Table 3. The majority of the fractions contained 
bioactive compounds including flavonoid, steroid, 
glycoside, alkaloid, and terpenoid. These bioactive 
compounds have been associated with antibacterial 
properties. However, it is important to note that the 
presence of phytochemicals can be influenced 
by several factors, such as genetic variations, 
environmental conditions, time of harvest, and 
geographical factors40. 

Table 2: Inhibition zone categorization

Inhibition zone (mm)	 Symbol	 Interpretation/categorization

             0 mm	 -	 No activity
          <10 mm	 +	 Weak activity
        10–14.9 mm	 ++	 Good activity
          ≥15 mm	 +++	 Strong activity
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Table 3: Phytochemical screening of selected coastal plants’ fractions

Plant Sample	 Parts of	 Types of	 Code				   Phytochemicals Constituents
	 plant	 fractions		  Quinone	 Saponin	Phenol & 	Flavonoid	 Alkaloid	Glycoside	Terpenoid	 Steroid
						      Tannin

Canavalia rosea	 Leaf	 Hexane	 CRLH	 -	 +	 -	 +	 -	 -	 -	 -
	 Twig	 Methanol	 CRLM	 -	 +	 -	 +	 +	 +	 -	 +
	 Twig	 Hexane	 CRTH	 -	 -	 -	 -	 -	 -	 -	 +
	 Twig	 Methanol	 CRTM	 -	 +	 -	 +	 +	 +	 -	 +
	 Seed	 Hexane	 CRSH	 -	 -	 -	 +	 -	 -	 -	 +
	 Seed	 Methanol	 CRSM	 -	 -	 +	 +	 +	 +	 +	 +
	 Rinds	 Hexane	 CRRH	 -	 -	 -	 +	 -	 -	 -	 +
	 Rinds	 Methanol	 CRRM	 -	 +	 -	 +	 +	 +	 +	 +
Hibiscus tiliaceus	 Leaf	 Methanol	 HTLM	 -	 +	 +	 +	 -	 +	 -	 +
	 Leaf	 Hexane	 HTLH	 -	 -	 -	 -	 -	 -	 -	 +
Ipomoea pescaprae	 Twig	 Methanol	 TKTM	 -	 +	 -	 +	 +	 +	 -	 +
	 Twig	 Hexane	 TKTH	 -	 -	 -	 +	 -	 -	 +	 +
	 Leaf	 Hexane	 TKLH	 -	 -	 -	 +	 -	 -	 -	 +
	 Leaf	 Methanol	 TKLM	 -	 -	 +	 +	 +	 +	 +	 +
Melastoma malabathricum	 Leaf	 Hexane	 MMLH	 -	 -	 -	 -	 -	 -	 -	 +
	 Leaf	 Methanol	 MMLM	 +	 +	 +	 +	 +	 +	 +	 +
	 Flower	 Methanol	 MMFM	 +	 +	 +	 +	 -	 +	 +	 -
	 Flower	 Hexane	 MMFH	 -	 -	 -	 +	 -	 +	 +	 -
	 Twig	 Methanol	 MMTM	 -	 +	 +	 +	 +	 +	 +	 +
	 Twig	 Hexane	 MMTH	 -	 -	 -	 +	 -	 -	 -	 +
Pandanus tectorius	 Leaf	 Hexane	 PTLH	 -	 -	 -	 +	 -	 -	 -	 +
	 Leaf	 Methanol	 PTLM	 -	 +	 -	 +	 -	 +	 -	 +
Pongamia pinnata	 Leaf	 Methanol	 PPLM	 -	 +	 -	 +	 -	 +	 -	 +
	 Twig	 Methanol	 PPTM	 -	 +	 -	 +	 -	 -	 -	 +
	 Twig	 Hexane	 PPTH	 -	 -	 -	 +	 -	 -	 -	 +
Pongamia pinnata	 Leaf	 Hexane	 PPLH	 -	 -	 -	 -	 -	 -	 -	 +
	 Seed	 Hexane	 PPSH	 -	 -	 -	 +	 -	 +	 -	 -
	 Seed	 Hexane	PPSH OIL	 -	 -	 -	 +	 -	 +	 -	 -
	 Seed	 Methanol	 PPSM	 -	 +	 -	 +	 +	 +	 -	 +
	 Rinds	 Hexane	 PPRH	 -	 -	 -	 +	 -	 +	 -	 +
	 Rinds	 Methanol	 PPRM	 -	 -	 -	 +	 +	 +	 +	 +
Rhodomyrtus tomentosa	 Leaf	 Hexane	 RTLH	 -	 -	 -	 +	 +	 -	 -	 -
	 Leaf	 Methanol	 RTLM	 -	 +	 +	 +	 +	 +	 +	 +
Sonneratia alba	 Twig	 Hexane	 SATH	 -	 -	 -	 +	 -	 -	 -	 +
	 Leaf	 Hexane	 SALH	 -	 -	 -	 -	 -	 -	 -	 +
	 Leaf	 Methanol	 SALM	 -	 +	 +	 +	 +	 -	 -	 -
	 Twig	 Methanol	 SATM	 +	 +	 +	 +	 +	 +	 -	 -
Syzigium grande	 Leaf	 Hexane	 SGLH	 +	 -	 -	 +	 -	 -	 -	 +
	 Leaf	 Methanol	 SGLM	 -	 +	 +	 +	 +	 +	 +	 +
	 Twig	 Hexane	 SGTH	 -	 -	 -	 +	 -	 -	 -	 +
	 Twig	 Methanol	 SGTM	 +	 +	 +	 -	 +	 +	 +	 +
Terminalia catappa	 Leaf	 Methanol	 TCLM	 -	 +	 +	 +	 -	 +	 +	 +
	 Leaf	 Hexane	 TCLH	 -	 -	 -	 -	 -	 -	 -	 +
Vitex rotundifolia	 Leaf	 Hexane	 VRLH	 -	 -	 -	 +	 -	 -	 +	 +
	 Leaf	 Methanol	 VRLM	 -	 +	 -	 +	 +	 +	 +	 +
	 Twig	 Hexane	 VRTH	 -	 -	 -	 -	 -	 -	 +	 +
	 Twig	 Methanol	 VRTM	 -	 -	 +	 +	 +	 +	 +	 +

*(-) absence of phytochemicals group compound, (+) presence of phytochemicals group compound

Antibacterial activity of Fractions of Selected 
Coastal plants
	 The antibacterial activity was tested using 
agar well diffusion method with pre-screening of all 
fractions at a concentration of 10 mg/mL against 

Gram-negative bacteria (K. pneumoniae, E. coli, 
and P. aeruginosa) and Gram-positive bacteria (S. 
aureus and S. cohnii). In this study, a total of 47 
fractions were obtained from different plant species, 
parts, and extract types. These fractions consisted of  
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24 hexane fractions and 23 methanolic fractions. The 
results of the antibacterial activity for the methanolic 
and hexane fractions are presented in Table 4 and 
Table 5, respectively. Based on the comparison, 
methanolic fractions of T. catappa, R. tomentosa, 
M. malabatahricum, and S. grande had a broader 
spectrum of action as they inhibited the growth of 
all pneumonia bacteria with an inhibition zone range 
of 10-19.50 mm. However, seven hexane fractions 
and three methanolic fractions showed no activity 
against all pneumonia bacteria. Thus, the methanolic 
fractions showed better antibacterial activity than 
hexane fractions against K. pneumoniae, E. coli,  
P. aeruginosa, S. aureus, and S. cohnii. 

	 Methanol is known to be effective in 
extracting more bioactive compounds compared 
to other organic solvents41. The better antibacterial 
activity of methanolic fractions in this study is in 
line with that in previous research by Mahmud 
(2018)42, as well as Martin and Kinyanjui (2014)43. 
In addition, the methanol fraction attracted polar 
compounds, while the hexane fraction attracted non-
polar compounds. Flavonoids can be extracted from 
both polar and non-polar fractions. According to Table 
3, more of methanolic fractions exhibited flavonoid 
compounds compared to the hexane fractions, 
thereby correlating with its antibacterial properties. 
According to Al Mamari (2022)44, the flavonoid group 
compound present in methanolic fractions acts as 
a main bioactive group compound that correlates 
with an antibacterial activity. The study by Majdanik  
et al.,45 found that flavonoid acted as the main bioactive 
compound, possessed antibacterial properties, 
and is potentially effective against a wide array of 
microorganisms because of its ability to complex with 
extracellular, soluble proteins, and bacterial cell.

	 The highest inhibition zones from methanolic 
fractions against several tested bacteria are as shown 
in Table 4. Based on the result, the highest inhibition 
zones came from the following tests: S. grande’s twigss 
against P. aeruginosa (19.33 mm), M. malabathricum’s 
leaves against P. aeruginosa (18.50 mm), T. catappa’s 
leaves against P. aeruginosa (17.50 mm), and S. 
alba’s leaves against P. aeruginosa (17.00 mm)  
(Fig. 4a-d), but these inhibition zones were lower 
than the zone formed by gentamicin. Notably, the 
leaf fractions demonstrated the highest antibacterial 
activity compared to other plant parts and were most 
effective against P. aeruginosa. The study by Courtney 
and Cock46 investigated extracts from different parts 
of Terminalia spp. It was found that the leaf extracts 

were more potent in inhibiting the bacteria than 
fruit, bark or seed extracts. According to Borges et 
al.,47, the higher antibacterial potential of a fraction 
is associated with its high polarity, which enables 
the extraction of all the phenolic compounds that 
are supposed to have antibacterial activity. Different 
types of plants and different parts of the plants have 
varying concentrations of their compounds, which 
will lead to different inhibitory effects. Noumedem et 
al.,48 stated that the variability of antimicrobial activity 
between plant extracts might be due to the presence 
of different compounds in each plant.

	 Meanwhile, the highest inhibition zones 
from hexane fractions were R. tomentosa’s leaves 
against Gram-positive bacteria S. cohnii (22.67 
mm) and S. aureus (21.67 mm), as listed in Table 
5 and Fig. 4c-d. These inhibition zone values were 
comparable to the positive control (Gentamicin) 
values against S. cohnii (31.00 mm) and S. aureus 
(21.00 mm), as shown in Table 6. These results 
correlated with the result of phytochemical screening 
in Table 3, which showed this fraction contained 
flavonoid and alkaloid group compounds that 
possess antibacterial properties. The study by Idris 
et al., investigated the Total Flavonoid Contents 
(TFC) of hexane fractions of R. tomentosa, and it 
showed the presence of flavonoids with less amount 
than in methanolic fractions49. Besides, the hexane 
fraction also contained alkaloids, which could also 
contribute to its antibacterial properties. According 
to Markham et al.,50 and Khan et al.,51, alkaloids can 
interact with the bacterial cytoplasmic membrane, 
DNA assimilation and prevent the efflux pump.

Fig. 4. The highest inhibition zone of methanol and 
hexane fractions of selected coastal plants. a-d are 

against P. aeruginosa; c is against S. aureus; 
d is against S. cohnii
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Table 4: Antibacterial activity of methanol fractions against Pneumonia bacteria

Name of Sample	 Code	 Part		 Inhibition Zone of Fractions Against Bacteria in Diameter (mm)
			                Gram-negative Bacteria		                           Gram-positive Bacteria
			   K. pneumoniae	 E. coli	 P. aeruginosa	 S. cohnii	 S. aureus

Canavalia rosea	 CRLM	 Twig	 -	 -	 9.50 ± 0.71+	 -	 -
	 CRTM	 Twig	 -	 -	 9.00 ± 0.00+	 -	 -
	 CRSM	 Seed	 -	 -	 9.67 ± 0.24+	 -	 -
	 CRRM	 Rind	 -	 -	 11.17 ± 0.24++	 -	 9.83 ± 0.62+

Hibiscus tiliaceus	 HTLM	 Leaf	 -	 -	 10.33 ± 0.24++	 -	 -
Ipomoea pescaprae	 TKLM	 Leaf	 -	 -	 7.00 ± 0.00+	 -	 -
	 TKTM	 Twig	 9.50 ± 0.41+	 -	 12.17 ± 0.85++	 10.83 ± 0.24++	 11.92 ± 0.92++

Melastoma malabathricum	 MMLM	 Leaf	 11.83 ± 0.85++	 11.00 ± 0.71++	 18.50 ± 1.47+++	 15.67 ± 0.47+++	 13.50 ± 0.41++

	 MMFM	 Flower	 11.58 ± 1.01++	 12.67 ± 0.94++	 14.50 ± 0.41++	 14.00 ± 0.00++	 11.67 ± 0.94++

	 MMTM	 Twig	 10.50 ± 0.41++	 12.33 ± 1.25++	 13.33 ± 0.85++	 -	 11.50 ± 1.22++

Pandanus tectorius	 PTLM	 Leaf	 -	 -	 -	 -	 -
Pongamia pinnata	 PPLM	 Leaf	 -	 -	 10.50 ± 0.71++	 -	 -
	 PPTM	 Twig	 -	 -	 11.92 ± 0.72++	 9.83 ± 0.24+	 -
	 PPSM	 Seed	 -	 -	 -	 -	 10.83 ± 0.24++

	 PPRM	 Rind	 9.83 ± 0.62+	 -	 -	 -	 11.33 ± 1.25++

Rhodomyrtus tomentosa	 RTLM	 Leaf	 12.00 ± 1.63++	 13.33 ± 0.24++	 15.25 ± 0.74+++	 12.50 ± 0.41++	 12.42 ± 2.16++

Sonneratia alba	 SALM	 Leaf	 11.75 ± 0.74++	 15.83 ± 1.03+++	 17.00 ± 0.71+++	 15.33 ± 0.47+++	 -
	 SATM	 Twig	 12.50 ± 0.00++	 13.67 ± 2.49++	 14.50 ± 0.41++	 15.67 ± 0.47+++	 -
Syzigium grande	 SGLM	 Leaf	 12.33 ± 0.47++	 12.67 ± 0.47++	 16.00 ± 0.41+++	 13.17 ± 0.47++	 12.67 ± 0.47++

	 SGTM	 Twig	 11.67 ± 1.25++	 15.00 ± 0.41+++	 19.33 ± 0.94+++	 13.00 ± 0.00++	 14.83 ± 0.62++

Terminalia catappa	 TCLM	 Leaf	 13.92 ± 0,66++	 16.83 ± 2.01+++	 17.50 ± 1.22+++	 16.17 ± 0.62+++	 16.50 ± 0.74+++

Vitex rotundifolia	 VRLM	 Leaf	 -	 -	 -	 -	 -
	 VRTM	 Twig	 -	 -	 -	 -	 -

The values describe mean ± standard deviation, - = No inhibition zone, + = weak activity (<10 mm), ++ = good activity (10-14.9 mm), 
+++ = strong activity (≥ 15mm)

Table 5: Antibacterial activity of hexane fractions against pneumonia bacteria

Name of Sample	 Code	 Part		 Inhibition Zone of Fractions Against Bacteria in Diameter (mm)
				    Gram-negative Bacteria		  Gram-positive Bacteria
			   K. pneumoniae	 E. coli	 P.  aeruginosa	 S. cohnii	 S. aureus

Canavalia rosea	 CRLH	 Leaf	  -	  -	  -	  -	 10.00 ± 0.00++

	 CRTH	 Twig	  -	  -	  -	 11.67 ± 0.47++	 16.00 ± 0.82+++

	 CRSH	 Seed	  -	  -	  -	  -	 8.67 ± 0.24+

	 CRRH	 Rind	  -	  -	  -	 11.83 ± 0.24++	 16.33 ± 0.47+++

Hibiscus tiliaceus	 HTLH	 Leaf	  -	  -	  -	 11.42 ± 0.42++	  -
Ipomoea pescaprae	 TKTH	 Twig	 -	 -	 -	 -	 -
	 TKLH	 Leaf	 -	 -	 -	 -	 -
Melastoma malabathricum	 MMLH	 Leaf	 -	 -	 -	 -	 -
	 MMTH	 Twig	 -	 -	 -	 -	 -
	 MMFH	 Flower	  -	  -	  -	 9.83 ± 0.62+	 13.50 ± 0.71++

Pandanus tectorius	 PTLH	 Leaf	 9.50 ± 0.41+	  -	  -	 13.33 ± 0.47++	 15.17 ± 0.24+++

Pongamia pinnata	 PPLH	 Leaf	 -	 -	 -	 -	 9.67 ± 0.47+

	 PPTH	 Twig	  -	 - 	  -	 13.33 ± 0.94++	 17.17 ± 0.62+++

	 PPSH OIL	 Seed	  -	  -	  -	 - 	 9.83 ± 0.24+

	 PPSH	 Seed	  -	  -	  -	  -	 10.67 ± 0.62++

	 PPRH	 Rind	 11.25 ± 0.61++	  -	 11.83 ± 1.03++	 12.67 ± 0.24++	 15.00 ± 0.82+++

Rhodomyrtus tomentosa	 RTLH	 Leaf	  -	  -	  -	 22.67 ± 0.94+++	 21.67 ± 1.25+++

Sonneratia alba	 SATH	 Twig	 -	 -	 -	 -	 -
	 SALH	 Leaf	 -	 -	 -	 -	 -
Syzigium grande	 SGLH	 Leaf	 12.33 ± 1.70++	  -	  -	 11.67 ± 0.47++	 12.42 ± 0.31++

	 SGTH	 Twig	  -	  -	  -	 12.33 ± 0.85++	 15.33 ± 0.47+++

Terminalia catappa	 TCLH	 Leaf	 -	 -	 -	 -	 14.67 ± 0.94++

Vitex rotundifolia	 VRLH	 Leaf	 -	 -	  -	  -	  -
	 VRTH	 Twig	  -	  -	  -	  -	 9.67 ± 0.47+

The values describe mean ± standard deviation, - = No inhibition zone, + = weak activity (<10 mm), ++ = good activity (10-14.9 mm), 
+++ = strong activity (≥ 15mm)
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	 Based on the Duncan test (p<0.05), the 
RTLH fraction with a concentration of 10 mg/mL 
showed the highest activity against S. aureus, 
followed by the RTLH fraction with a concentration 
of 10 mg/mL against S. cohnii. In addition, compared 
to the study by Sinulingga et al.,52 whose reported 
the 600 mg/mL of hexane fraction had an IZ value 
of 20.13 mm against S. aureus, the current study 
has a better result due to the lower concentration 
of fraction (10 mg/mL) producing a higher IZ value 
(21.67 mm) against S. aureus. Kamarudin et al., 
stated that R. tomentosa contained antibacterial 
candidate compounds, which are Rhodomentones 
A and B compounds extracted using n-hexane, 
ethyl acetate, and 95% ethanol53. However, another 
study done by Mordmuang et al., reported that the 
MIC value of the ethanolic extract of R. tomentosa 
against S. aureus is 16 µg/mL, and the MIC value 
of the compound rhodomyrtone is 0.5 µg/mL54.

	 The results of the post hoc Duncan test 
(p<0.05) indicated the level of interaction among 
various variables, including coastal plant species, 
type and concentration of fractions, and bacteria 
species. The most effective combination was 
the hexane fraction of R. tomentosa leaves at 
concentrations of 10 mg/mL and 5 mg/mL against 
S. aureus and S. cohnii, respectively. This was 
followed by the methanolic fraction of S. grande's 
twigs at a concentration of 10 mg/mL against  
P. aeruginosa. The third position was occupied by 
the methanolic fraction of M. melastoma's leaves at 
a concentration of 10 mg/mL against P. aeruginosa, 
and the methanolic fraction of T. catappa's leaves at 
a concentration of 10 mg/mL against P. aeruginosa. 

	 Previous studies suggested that the 
observed effects may be attributed to the presence 
of the same active substances in different fractions 
but at varying minimum concentrations55-51. At lower 
concentrations, the bioactivity might no longer be 
detectable or the ability of the fraction to inhibit 
bacterial growth may decrease. Therefore, the high 
concentration of one or more active substances 
in a fraction may explain its efficiency in inhibiting 
microbial growth. Additionally, the susceptibility 
of each bacterial species also influences the 
antibacterial activity of the fractions.

	 The current study used Dimethyl sulfoxide 
(DMSO) as the negative control and antibiotic 

gentamicin as the positive control. According to the 
results presented in Table 6, the negative control 
did not exhibit any inhibition zones. In contrast, the 
positive control demonstrated inhibition zone values 
of 23 mm against K. pneumoniae, 18 mm against  
E. coli, 22.5 mm against P. aeruginosa, 31 mm 
against S. cohnii, and 22 mm against S. aureus. 
The results align with the literature stating that 
gentamicin is one of the antibiotics that is effective 
against several bacterial infections, widely against 
Gram-negative, also against Gram-positive bacteria, 
including Staphylococci strains and beta-haemolytic 
group Streptococci. It has also been shown to inhibit 
90% of pathogen Enterobacteriaceae, so this can be 
a perfect model as a comparison to inhibition zone 
of several pneumonia bacteria56,57.

Table 6: Antibacterial activity of DMSO and 
antibiotic gentamicin against pneumonia bacteria

Bacteria species	                     Inhibition Zone in Diameter (mm)
	 Positive Control	 Negative Control
	 Gentamicin	 DMSO

Klebsiella pneumoniae	 23.00 ± 0.00+++	 -
Escherichia coli	 18 ± 0.00+++	 -
Pseudomonas aeruginosa	 22.50 ± 0.00+++	 -
Staphylococcus cohnii	 31.00 ± 0.00+++	 -
Staphylococcus aureus	 22.00 ± 0.00+++	  -

The values describe mean ± standard deviation, - = No inhibition 
zone, + = weak activity (<10 mm), ++ = good activity (10-14.9 
mm), +++ = strong activity (≥ 15mm).

Minimum Inhibitory Concentration
	 The Minimum Inhibitory Concentration 
(MIC) was determined in order to investigate the 
concentration limit at which the fractions can inhibit 
bacterial growth58). It is important to note that the 
MIC is distinct from the Minimum Bactericidal 
Concentration (MBC), which represents the 
concentration at which microbial death occurs. 
However, when the MIC value is closer to the 
MBC, it indicates a more bactericidal effect of the 
fractions59. In this study, the MIC test was done for 
the active fractions, which showed the inhibition 
zone in the pre-screening against pneumonia 
bacteria. To determine the MIC, a two-fold dilution 
of the fractions was carried out, resulting in a 
series of concentrations ranging from the highest 
to the lowest (10, 5, 2.5, 1.25, and 0.625 mg/mL)59. 
The result showed that every active fraction has a 
different MIC, as evidenced by the zone of inhibition 
formed (Table 7). 
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Table 7: MIC of fractions of selected coastal plants against pneumonia bacteria

Name of Sample	 Part Used	 Types of	 Code	                       MIC (mg/mL) of selected fractions against bacteria*
		  Fractions		  K. pneumoniae(d)	E. coli(e)	 P. aeruginosa(c)	 S. aureus(a)	 S. cohnii(b)

Canavalia rosea	 Leaves	 Hexane	 CRLH (v)				    5+	
	 Twigs		  CRTH (n)				    0,625+	 0,625+

	 Seeds		  CRSH (v)				    5+	
	 Rinds		  CRRH (n)				    0,625+	 1,25+

Hibiscus tiliaceus	 Leaves		  HTLH (s)					     1,25+

Melastoma malabathricum	 Flowers		  MMFH (o)				    1,25+	 2,5+

Pandanus tectorius	 Leaves		  PTLH (l)	 5+			   0,625+	 0,625+

Pongamia pinnata	 Twigs		  PPTH (m)				    0,625++	 0,625+

	 Leaves		  PPLH (u)				    2,5+	
	 Seeds		  PPSH (r)				    0,625+	
	 Seeds Oil		  PPSHO (u)				    2,5+	
	 Rinds		  PPRH (g)	 0,625+		  0,625+	 0,625+	 1,25+

Rhodomyrtus tomentosa	 Leaves		  RTLH (h)				    0,625+++	 0,625++

Syzigium grande	 Leaves		  SGLH (k)	 0,625+			   0,625+	 1,25+

	 Twigs		  SGTH (n)				    0,625+	 0,625+

Terminalia catappa	 Leaves		  TCLH (r)				    1,25+	
Vitex rotundifolia	 Twigs		  VRTH (u)				    2,5+	
Canavalia rosea	 Leaves	 Methanol	 CRLM (v)			   5+		
	 Twigs		  CRTM (v)			   5+		
	 Seeds		  CRSM (u)			   2,5+		
	 Rinds		  CRRM (r)			   2,5+	 5+	
Hibiscus tiliaceus	 Leaves		  HTLM (s)			   1,25+		
Ipomoea pescaprae	 Twigs		  IPTM (j)	 0,625+		  1,25+	 0,625+	 2,5+

	 Leaves		  IPLM (w)			   10+

Melastoma malabathricum	 Leaves	 Methanol	 MMLM (b)	 0,625+	 0,625+	 0,625+	 0,625+	 0,625+
	 Flowers		  MMFM (d)	 0,625+	 0,625+	 0,625++	 0,625+	 1,25+
	 Twigs		  MMTM (i)	 0,625+	 2,5+	 0,625+	 1,25+	
Pongamia pinnata	 Leaves		  PPLM (u)			   2,5+		
	 Twigs		  PPTM (p)			   1,25+		  5+
	 Seeds		  PPSM (r)				    0,625+	
	 Rinds		  PPRM (q)	 2,5+			   2,5+	
Rhodomyrtus tomentosa	 Leaves		  RTLM (e)	 0,625+	 0,625+	 0,625+	 1,25+	 1,25+
Sonneratia alba	 Leaves		  SALM (e)	 0,625+	 0,625++	 0,625++		  0,625+
	 Twigs		  SATM (f)	 0,625+	 0,625+	 0,625+		  0,625+
Syzigium grande	 Leaves		  SGLM (d)	 0,625+	 1,25+	 0,625++	 1,25+	 0,625+
	 Twigs		  SGTM (c)	 1,25+	 0,625+	 0,625++	 1,25+	 1,25+
Terminalia catappa	 Leaves		  TCLM (a)	 0,625++	 0,625++	 0,625++	 0,625++	 0,625+

*The values in (mg/mL) represent the minimum concentration of fraction to inhibit the growth of pneumonia bacteria listed in the table, 

the categories of the IZ value at that minimum concentration were described by + = weak activity (<10 mm), ++ = good activity (10-14.9 

mm), +++ = strong activity (≥ 15mm). The different letters assigned in the table indicate significant differences among subsets of the 
inhibition zone means, resulting from the interaction between variables, as determined by the Duncan test (p≤0.05). 

	 Based on Table 7, all fractions have different 
minimum inhibitory concentrations ranging from  
5 mg/mL to 0.625 mg/mL. The highest result of 
MIC was 5 mg/mL for CRLH, CRSH, and CRRM 
against S. aureus, PTLH against K. pneumoniae, 
CRLM and CRTM against P. aeruginosa, and 
PPTM against S. cohnii. Table 7 also revealed that 
the majority of all parts from M. malabathricum 
(leaves, twigs, and flowers) extracted using methanol 
were able to inhibit all pneumonia bacteria at a 
minimum concentration of 0.625 mg/mL. However, 

its flower fraction exhibited inhibition against S. 
cohnii at a minimum concentration of 1.25 mg/
mL. Its twig fraction inhibited E. coli at a minimum 
concentration of 2.5 mg/mL, inhibited S. aureus at a 
minimum concentration of 1.25 mg/mL, and showed 
no inhibition against S. cohnii. Various studies 
have also investigated the antibacterial activity of  
M. melastoma’s leaves, but studies on other parts 
such as its twigs and flower are still lacking. The 
studies by Alwash et al.,60 and Diris et al.,61 revealed 
that methanol leave extract of this plant can inhibit 
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S. aureus, E. coli, and P. aeruginosa at varying 
concentrations. Purwanto62 tested the methanol 
fraction of its leaves against E. coli and found that 
the minimum concentration of 1 mg/mL can inhibit 
the E. coli; this MIC result is higher than our MIC 
result, which is 0.625 mg/mL.

	 Meanwhile, for the hexane fraction of M. 
Malabtahricum, only its flower fraction was active, 
with MIC of 1.25 mg/mL against S. aureus and MIC of 
2.5 mg/mL against S. cohnii. The study by Ropisah63 
stated that methanol and hexane fractions of  
M. malabathricum’s leaves could inhibit E. coli. The 
study by Aslam et al.,64 revealed that flowers and 
leaves of M. malabathrichum contain kaempferol, 
which includes flavonoid group compound and acts 
as an antibacterial agent.

	 Methanolic and hexane fractions of  
S. grande (leaves and twigs) have antibacterial activity 
with various minimum concentrations ranging from 
1.25 to 0.625 mg/mL against different pneumonia 
bacteria. Producing a result similar to this study, the 
study by Ong et al.,65 found that ethanolic fractions 
from leaves and stems of S. Grande were effective 
against E. coli, S. aureus, and P. aeruginosa. In 
addition, another study was done by sarvesan  
et al.,66, who investigated the antibacterial activity of leaf 
essential oil of S. grande with a concentration range from 
25 mg/mL to 5 mg/mL against pneumonia bacteria. 

	 Moreover, the methanolic fraction from 
T. catappa’s leaves can inhibit the growth of all 
pneumonia bacteria with the lowest concentration 
0.625 mg/mL. The previous study by Mbengui  
et al.,67 showed that methanolic extracts of  
T. catappa’s barks also inhibited all those bacteria 
used in this study. Courtney and Cock46, revealed that 
methanolic fraction of T. catappa’s leaves can inhibit 

K. pneumoniae with MIC 2.85 mg/mL. However, the 
study by Balala et al.,68, showed that the ethanolic 
of T. catappa’s leaves could inhibit S. aureus with the 
concentration of the extract from 5mg/mL to 10 mg/mL. 

	 Furthermore, Fig. 5 displays a graph 
depicting the inhibition zones (mm) of the 20 active 
plant fractions at the lowest concentration (0.625 
mg/mL) tested against pneumonia bacteria. Based 
on Fig. 5, all fractions tested at the MIC value of 
0.625 mg/mL demonstrated the ability to inhibit 
pneumonia-causing bacteria. Among them, the 
methanolic fraction derived from T. catappa's leaves 
(TCLM) exhibited the broadest spectrum of activity 
against the five pneumonia bacteria, resulting in the 
highest inhibition zone values: 11.17 mm against 
E. coli, 10.50 mm against P. aeruginosa, 10.25 mm 
against S. aureus, 10.17 mm against K. pneumoniae, 
and 9.67 mm against S. cohnii. However, the highest 
inhibition zone values observed at the minimum 
concentration were found in the hexane fraction of 
R. tomentosa's leaves against S. aureus (16.75 mm) 
and S. cohnii (14.17 mm).

	 Figure 5 further illustrates that among 
all the tested fractions at the minimum inhibitory 
concentration (0.625 mg/mL), S. aureus was the 
bacterium most effectively inhibited. In addition, Table 
7 indicates that all concentrations of the plant fractions 
exhibited antibacterial activity against S. aureus. 
This bacterium proved to be the most susceptible 
species among all the Pneumonia bacteria tested, 
as indicated by the letter "a" in the Duncan test 
results with a p-value <0.05. S. aureus belongs to 
the category of Gram-positive bacteria, which are 
generally more susceptible compared to Gram-
negative bacteria. These findings align with previous 
studies that have reported Gram-negative bacteria to 
be more resistant than Gram-positive bacteria69,70. 

Fig. 5. Graphic of Inhibition zone (mm) of active plant fraction with the minimum inhibitory concentration (MIC) 
0,625 mg/mL. y-axis is the inhibition zone (mm); x-axis are the fraction samples
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CONCLUSION

	 The present study involving selected 
coastal plants revealed the presence of various 
phytochemicals such as flavonoids, alkaloids, 
terpenoids, phenols, tannins, quinones, saponins, 
and glycosides. The methanolic and hexane fractions 
of the plants demonstrated antibacterial effects, with 
methanolic fractions exhibiting a broader spectrum 
of action by inhibiting the growth of all pneumonia 
bacteria compared to hexane fractions. However, the 
hexane fraction of R. tomentosa showed the highest 
inhibition zone against S. aureus (21.67±1.25) and 
S. cohnii (22.67±0.94) with MIC 0.625 mg/mL. 
CRTH, CRRH, PTLH, PPTH, PPSH, PPRH, RTLH, 
SGLH, SGTH, IPTM, MMLM, MMTM, MMFM, 
PPSM, RTLM, SALM, SATM, SGLM, SGTM, and 
TCLM  fractions were able to inhibit Pneumonia 
bacteria at a minimum concentration of 0.625 mg/
mL. Among the tested bacteria, S. aureus was found 
to be the most susceptible to the inhibitory effects 

of the fractions. The presence of phytochemical 
compounds, particularly flavonoids, in the fractions 
may account for their antibacterial activity. This study 
provides valuable information on the potential use of 
herbal medicine derived from coastal plants for the 
prevention and treatment of bacterial Pneumonia. 
Further research is warranted to isolate and purify 
the active compounds responsible for the observed 
antibacterial activity.
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