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Abstract: Indonesia is a maritime and archipelagic country with an ocean
area of almost two-thirds of its total area, with a coastline stretching 99.123
km from Sabang to Merauke. According to Indonesian Law Number 1 of 2014,
it is mentioned that one of the most important biological resources of the coast
is mangroves. Some mangrove species commonly found on Lombok Island
are Rhizophora mucronata, Sonneratia alba, and Avicennia marina. However,
there has not been much exploration of the compound content in these
mangroves. Therefore, this study aimed to identify the secondary metabolites
of the n-hexane fraction of the three mangrove species using Gas
Chromatography-Mass Spectrometry (GC-MS). The leaves of each mangrove
species were extracted by sonication method using 96% ethanol solvent,
followed by multistage fractionation using n-hexane and water. GC-MS
analyzed the n-hexane fraction of each mangrove species. The GC-MS
analysis revealed that in the n-hexane fraction of mangrove leaves
Rhizophora mucronata and Avicennia marina there were 10 compounds, while
Sonneratia alba obtained five compounds. The compounds with the highest
intensity in the n-hexane fraction of mangrove leaves of Rhizophora
mucronata, Sonneratia alba, and Avicennia marina were squalene (41.71%),
ethyl oleate (87.53%), and ethyl oleate (44.02%), respectively. Squalene was
reported to have antioxidant and anticancer activities. The ethyl oleate was
reported to have bactericidal activity on gram-positive and negative bacteria.
The three types of mangrove leaves can be an alternative source of medicine.
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INTRODUCTION

Indonesia is a maritime and archipelagic country
with water territories covering two-thirds of its
area. This condition has positioned Indonesia with
the second-longest coastline in the world after
Canada, stretching 99,123 km from Sabang to
Merauke [1]. According to Indonesian Law No. 1
of 2014, mangroves are one of the most critical
coastal biological resources [2].

The length of the coastline in Indonesia
directly correlates to the extent of mangrove
forests in Indonesia. Of the total 16,530,000
hectares of mangrove forest area worldwide,
Indonesia contributed 3,735,250 hectares of
mangrove forest area [3]. According to data from
the West Nusa Tenggara Provincial Government
in 2017, the mangrove forest area on Lombok
Island was recorded at 2,514.4 hectares [4].
Rhizophora mucronata, Sonneratia alba, and
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Avicennia marina are three mangrove species
commonly found on Lombok Island [5].

The three types of mangroves are widely
utilized in traditional medicine, particularly their
leaves. The leaves of Rhizophora mucronata are
traditionally used to treat diarrhea and gastric
dysmotility, reduce fever, and facilitate childbirth
[6], [7]. Meanwhile, the leaves of Sonneratia alba
are used to treat oral thrush and chickenpox and
as a laxative for infants [8], [9]. Avicennia marina
leaves are traditionally used for treating skin
diseases, rheumatism, smallpox, and ulcers and
as an alternative contraceptive agent [10], [11].

Research related to the pharmacological
activities of these three mangrove species has
been widely conducted. From several studies, it is
known that Rhizophora ~mucronata has
pharmacological activities, such as anti-
inflammatory, analgesic, antioxidant,
antimicrobial, anti-cholinesterase, antidiabetic,
and so on [12], [13], [14], [15], [16], [17], [18], [19].
Sonneratia alba leaves are also reported to have
various pharmacological effects such as
cardiovascular protection, antidiabetes,
antioxidant, antibacterial, anti-cholesterol, anti-
inflammatory, and antifungal [20], [21], [22], [23].
Like the previous two mangrove species,
Avicennia marina has pharmacological activities
such as antioxidant, antiviral, and antibacterial
[24].

The pharmacology activities of plants
were influenced by their compounds. Flavonoids
are compounds that play a role in some plant's
pharmacological activity [25]. These three
mangrove species extract and (n-hexane, ethyl
acetate, and water) fractions were identified. The
n-hexane fraction of Rhizopora mucronata,
Avicennia marina, and Sonneratia alba leaves
showed the highest total flavonoid content [26],
[27], [28]. However, exploring the compound
content in these n-hexane fractions of three
mangrove species has not been extensively
conducted. Therefore, this study aims to explore
the secondary metabolites of the n-hexane
fraction of these three mangrove species using
Gas Chromatography-Mass Spectrometry (GC-
MS).

MATERIALS AND METHODS
Materials

Mangrove leaves (Rhizophora mucronata,
Sonneratia alba, Avicennia marina) were obtained
from Buwun Mas Village, West Lombok District,
West Nusa Tenggara, Indonesia. The technical
grade was the ethanol 96%, n-hexane, and
distilled water (aquadest).
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Extraction and Fractionation

Each fresh mangrove Ileaf (Rhizophora
mucronata, Sonneratia alba, Avicennia marina)
was harvested and wet sorted to separate
mangrove leaves with impurities and damaged
leaves. The sorted leaves were then washed and
dried in the sun. The dried leaves are then
mashed so that the dry powder of each mangrove
leaf is obtained. The sonication method extracted
each dry powder in a separate container using
96% ethanol as a solvent (1:5). Resonication was
done twice, and liquid extracts were used for
each sample. Each extract was then evaporated
with a rotary evaporator to remove the solvent
and concentrated with a water bath to obtain a
thick extract. Each thick extract was subsequently
fractionated using the liquid-liquid fractionation
method with a separatory funnel. This
fractionation was carried out using n-hexane
solvent with two repetitions. The flow of the
fractionation process of each sample can be seen
in Figure 1. The obtained fractions were then
evaporated using a rotary evaporator to remove
the solvent and concentrated with a water bath to
obtain a thick fraction.

Sample Analysis by GC-MS

The n-hexane fraction of each mangrove leaf was
analyzed for compounds by Shimadzu Gas
Chromatography-Mass Spectroscopy (GC-MS
QP2010 Ultra) with Rtx® 5MS Column. The
injection volume used was 1pL.

Statistical Analysis

The compounds detected in three mangrove leaf
species were analyzed using Minitab (version 17)
with Principal component analysis (PCA) and
hierarchical clustering analysis method (HCA).

RESULTS AND DISCUSSION

Rhizophora mucronata

The gas chromatogram showed R. mucronata
leaves to have 10 peak compounds, as seen in
Figure 2. Table 1 showed squalene was the major
compound in the n-hexane fraction of Rhizophora
mucronata leaves.

Five of the eight compounds contained in this
fraction have pharmacological activity as
antioxidants. The most dominant compound in
this fraction is the compound 2,6,10,14,18,22
Tetracosahexaene, better known as squalen [40].
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Based on research by Zhang et al. [41], squalene
has an antioxidant activity that can ward off free
radicals by 32%, as tested with the DPPH
method. Squalene is an antioxidant that works by
inhibiting oxidative stress in several organs.
Squalene inhibits oxidative stress in the skin by
forming superoxide anions in radical-exposed
keratinocytes. In the heart organ, this antioxidant
activity of squalene confers cardioprotective
properties. Squalene stimulates Nrf2, resulting in
transcriptional activation of antioxidant enzymes,
possibly reducing myocardial injury [42].

Table 1. Compounds in the n-hexane fraction of
Rhizophora mucronata leaves detected by GC-
MS analysis.

Peak R. Senyawa % Aktivitas
Time Area

1 13.483 1

- 6.66 Antioxidant [29]
Hexadecanol

2 14.385 Lanol 2.67 Antifungal,
antibacterial,
antioxidant  [30],
[31]

3 15.007 1-nonadecane 8.95 Antioxidant, Anti-
inflammatory,
Antibacterial,
Cytotoxic,
Antinociceptive,
Antimutagenic,
Antiteratogenic,
Anxiolytic,
Antidepressant,
Immunoadjuvant
[32]

4 15.251 Ethyl oleate 19.04  Antimicrobial [33],
[34]

5 15.450 Behenic 2.61 Antiviral [35]

alcohol
6 17.861 Squalene 41.71  Antioxidant,
antitumor [36],
371
7 19.236  Vitamin E 2.01 Antioxidant [38]
8 20.614  Cholest-5-en- 2.06 Imunomodulator
3-ol (3.beta.)-, [39]
tetradecanoat
e

9 20.855 (-)- 10.54
Caryophyllen

10 20.985 Unknown 3.75

compound

Apart from being an antioxidant, several other
studies have shown that squalene has anti-
inflammatory, anticancer, antibacterial, and anti-
candidiasis activities [41], [43]. Squalen as an
anti-inflammatory works by suppressing the
synthesis of pro-inflammatory mediators such as
nitrates, pro-inflammatory enzymes ((iNOS, COX-
2, and MPO), cytokines (TNF-a, IL-18, IL-6, and
IFN-y), and increasing the secretion of anti-
inflammatory enzyme (H)-1) [44]. These anti-
inflammatory activities of squalen contribute to

the traditional use of Rhizophora mucronata to
treat fever.

This fraction also contains the compound Ethyl
octadec-9-enoate, an ester oleic acid compound.
This compound is known to increase the
production of prostaglandin PGE2 [45].
Prostaglandins affect gastric motility and trigger
uterine contractions [46]. It is the presence of this
compound that may be involved in treating gastric
dysmotility and facilitating labor by triggering
uterine contractions, as it is used empirically.

Sonneratia alba

The gas chromatogram showed that 5 peak
compounds were detected in the n-hexane
fraction of Sonneratia (Figure 3).

Table 2. Compounds in the n-hexane fraction of
Sonneratia alba leaves detected by GC-MS
analysis.

Peak R. Senyawa % Aktivitas
Time Area
1 14.304 Ethyl 7.37 Anticancer,
palmitate antimicrobial,
antifungal,
antiviral [51], [52]
2 15.258 Ethyl oleate 87.53  Antimicrobial [53],

antioxidant [50]
15.383 Ethyl stearate 1.70 -
15.455 Linoleic acid 2.02 -
15.616  Ethyl linoleate 1.38  Antibacterial,
anti-inflammatory
[54]

a b w

Based on Table 2, the most dominant compound
in this fraction is the ethyl oleate compound.
Based on the research of Krishnaveni et al.
(2014), it is known that this compound has
antimicrobial activity [47]. Ethyl oleate has
antibacterial activity, both gram-positive and
negative bacteria. Ethyl oleate was antibacterial
by damaging the bacterial cell membrane,
causing oxidative stress in bacteria, and inhibiting
the Fabl enzyme that inhibits bacterial fatty acid
synthesis [48], [49]. In addition, ethyl oleate
increased the antioxidant activity of blueberries
[50].

Ethyl oleate and ethyl linoleate are
unsaturated fatty acids that can act as emollient
laxatives. This emollient laxative acted as a
laxative by working as an anionic surfactant that
softens the fecal mass and increased fluid
secretion and permeability of the intestinal
mucosa [55]. Ethyl palmitate compounds have
pharmacological activity as antifungal and
antiviral, so the presence of these compounds
was directly correlated with the efficacy of
Sonneratia alba leaves as smallpox and manger
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medicine. Ethyl palmitate, an antiviral, inhibited
viral fusion by forming a strong bond to the viral

envelope E1 protein [51].

Chromatogram R Mucronata D:\Fraksi Heksan-R. Mucronata.qgd

intensity

626

TIC

20000000 100,000,000
5000000

20000000
35000000
30000000
75000000
70000000}
55000000
50000000
55000000
50000000
45000000
10000000~

35000000
30000000
25000000
20000000
15000000
10000000
5000000
o - S

17.861

15251

538855

<

-19236
20.614
0.

3.0

20.0

26.0

Figure 1. GC-MS chromatogram of n-hexane fraction of Rhizophora mucronata leaves. *Major compound
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Figure 2. GC-MS chromatogram of n-hexane fraction of Sonneratia alba leaves. *Major compound
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Figure 4. GC-MS chromatogram of n-hexane fraction of Avicennia marina leaves. *Major compound

Maziya et al



627

Acta. Chim. Asiana., 2025, 8(1), 623 —632

Avicennia marina

Table 3. Phytochemical components identified
in the n-hexane fraction of Avicennia marina
leaves by GC-MS analysis

Peak R. Time Senyawa % Aktivitas
Area
1 14.303 Ethyl palmitate 2.57 Anticancer,
antimicrobial,
antifungal, antiviral
[51], [52]
2 14.385 Behenic alcohol 1.82 Antiviral [35]
3 15.251 Ethyl oleate 44.02 Antimicrobial  [53],
antioxidant [50]
4 17.332 lanol 3.44 -
5 17.861 1,6,10,14,18,22- 27.69 Anti-inflammatory,
tetracosahexane antiarthritic,
-3-ol antimicrobial,

antitumorigenic,
anti-protozoal, and
chemopreventive
[56]

6 18.108 lanol 2.73
7 20.204 Silane 1.74 -
8 20.613 Stigmast-5-en-3- 3.96 anti-inflammatory,
ol, (3.beta.,24S)- anticancer,
(CAS) hepatoprotective,
Clionastern antioxidant,
cardioprotective,
and antidiabetic [57]
9 20.986 4,4,6a,6b,8a,11, 5.00 Antidiabetic, anti-
11,14b- infammatory  [58],
octamethyl [59]
10 21.331 Methyl commate 7.03 Antibacterial,
d antioxidant, anti-
inflammatory  [60],
[61], [62]

The GC-MS analysis showed that the n-
hexane fraction has 10 peak compounds, as
shown in Figure 4. The components of the
compounds that make up this fraction can be
seen in Table 3. Based on Table 3, the
dominant compound in this fraction was ethyl
oleate, which was the same as the Sonneratia
alba n-hexane fraction. Most of the compounds
contained in this fraction have anti-inflammatory
and antimicrobial activities. These compounds
then contribute to the healing of skin diseases
and ulcers by suppressing inflammatory
reactions in the disease and Kkilling existing
pathogenic bacteria. In addition, the compound
1,6,10,14,18,22-tetracosahexaen-3-ol reportedly
has antiathritic activity [56]. However, the
mechanism of action of these compounds in
suppressing  joint  inflammation  remains
unknown.

The analysis found that the metabolite
compound profiles of the three mangrove
species on Lombok Island were quite different.
Most of the compound components in the n-
hexane fraction of Rhizophora mucronata have
antioxidant activity. Meanwhile, the compound
components in the Sonneratia alba n-hexane
fraction mostly have antibacterial activity. Just
like Sonneratia alba, the compound components
in the n-hexane fraction of Avicennia marina
mostly have antibacterial activity.

The metabolites in mangroves have an
ecological role, such as for food ingredients. The
antioxidant activity from the mangrove's
metabolites was utilized as traditional medicine
[63]. Squalene and ethyl oleate, major
compounds in each mangrove species, have
potential antioxidant activity [36, 50]. In addition,
these antioxidant metabolites contributed to
climate resilience and environmental adaptation
of mangroves from various stressful conditions
[64], [65]. The stressful condition will produce
reactive oxygen species (ROS), so the
antioxidant role of the mangrove's metabolites
can prevent it [66].

The mass spectrum for each peak in
GC-MS chromatography has a similarity index
(SI) in the 82-94% range. These data showed
that the identity of the detected compounds in
three species of mangrove leaves was highly
similar to the mass spectrum of database
compounds in NIST library matching software.
This software will display the mass spectrum
that best matches the mass spectrum of the
detected compound. NIST library matching has
the disadvantage that if there is no mass
spectrum in the software database that matches
the mass spectrum of the compound in the
sample, then the compound becomes an
unknown compound [67].

The compounds in three species of
mangrove leaves were detected using GC-MS,
which mostly contained fatty acid and nonpolar
compounds. The polar or semipolar compounds
such as phenolic and flavonoid can not detected
using GC-MS because these compounds were
difficult to pavorize. The sample must be
derivatized with trimethylsilyl to cap the polar
functional group, such as -OH, -NH, -COOH,
and -SH. However, the procedure can modify
the compounds. So, the other biotechnology to
metabolomic the compounds in these three
species of mangrove leaves was Liquid
Chromatography-Mass Spectrometry (LC-MS).
LC-MS can detect secondary metabolites in a
wide range and has a high sensitivity. LC-MS
can detect polar compounds like phenolic and
flavonoids without derivatization [68].

Meanwhile, Fourier  transform—ion
cyclotron resonance-MS (FT-ICR-MS) and
Nuclear Magnetic Resonance (NMR) were the
other biotechnology for plant metabolomic
compounds. NMR, especially 'H-NMR, can
identify and quantify metabolites widely, but the
sensitivity was low [69]. Meanwhile, the FT-ICR-
MS can identify thousands of metabolites
simultaneously quickly and identify the
phosphorylated and hydrophilic ionic
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compounds. However, FT-ICR-MS needs an
operator with skill and experience [70].

Principal Component Analysis (PCA)

PCA is a multivariate method for the analysis
sample with more than two variables. The
variables in this study were the compounds
detected in three n-hexane fractions of
mangrove leaf species. The PCA was used to
identify similar compounds in the three
mangrove species [71]. The PCl and PC2
contributed to all variables was 77.8% and
22.2%, respectively. The accumulation of two
PC was 100%. It showed that the PC can
represent all the variables. The ethyl oleate (d),
squalene ), and 1,6,10,14,18,22-
tetracosahexane-3-ol (n) were the gave the
highest contribution to PC1 and PC2 (Figure 5)
[71]. So, these compounds can differentiate the
three species of mangrove. These three
compounds have a high abundance percentage
in the three mangrove species.

Loading Plot of a. .... r

0,25

Second Component

-0,50 0,25 0,00 0,25 0,50 0,75 1,00
First Component

Figure 5. Loading Plot of Detected Cmpounds in the Three
Mangrove Species. 1-Hexadecanol (a), lanol (b), 1-
nonadecene (c), Ethyl oleate (d), Behenic alcohol (e),
Squalene (f), Vitamin E (g), Cholest-5-en-3-ol
(h), (-)-caryophyllene (i), Ethyl palmitate (j), Ethyl
stearate (k), Linoleic acid (), Ethyl linoleate (m),
1,6,10,14,18,22-tetracosahexane-3-ol (n), silane (0),
Stigmast-5-en-3-o0l  (p), 4,4,6a,6b,8a,11,11,14b-octamethyl
(g), Methyl commate d (r).

Hierarchical Clustering Analysis (HCA)

HCA is a statistical analysis method that
organizes many variables into one tree. The
result of HCA is a dendrogram that can provide
an overview of the analyzed samples from the
similarity value [72]. The dendrogram in Figure 6
reported that Sonneratia alba and Avicennia
marina have a similarity of 33.33%. Meanwhile,
Rhizopora mucronata did not have similarities
with Sonneratia alba and Avicennia marina.

Dendrogram
Complete Linkage. Euclidean Distance

w
o
w

Similarity

66,67

100,00
1 3 2

Observations

Figure 6. Dendogram of Detected Cmpounds in the Three
Mangrove Species. Sonneratia alba (1), Rhizopora
mucronata (2), Avicennia marina (3).

CONCLUSION

Based on the results of GC-MS analysis, the
main components identified in the n-hexane
fraction of the mangrove leaves Rhizophora
mucronata, Sonneratia alba, and Avicennia
marina are squalene and ethyl oleate,
respectively. These two compounds exhibit
antioxidant and antibacterial activities, making
these three types of mangrove leaves potential
alternative sources for medicinal purposes.
Based on the compounds, HCA revealed that R.
mucronata leaves did not have similarities to S.
alba and A. marina.
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