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Abstract. Zulfahmi I, Paujiah E, Roza ZH, Helmi K, Nafis B, Nur FM, Fazila PN. 2024. Brine shrimp cytotoxicity bioassay of red
mangrove (Rhizophora mucronata) leaves using different solvents and its potency as antibacterial. Biodiversitas 25: 3227-3236. This
study evaluates the cytotoxicity of ethanol, ethyl acetate, and n-hexane extracts of red mangrove (Rhizopora mucronata) leaves and their
potential against pathogenic bacteria. Red mangrove leaf was evaluated for its cytotoxicity using the Brine Shrimp Lethality Test
(BSLT). Each solvent's LCso - 24-hour value was determined using probit analysis and measured using one-way ANOVA with a 95%
confidence interval (P<0.05). The secondary metabolic compounds in each extract were presented and analyzed descriptively using GC-
MS analysis. The effect of incubation time on the bacterial inhibition zone was tested using independent t-test analysis against S. aureus,
V. parahaemolyticus, and A. hydrophyla. The results showed that the LCso value of ethanol extract was 402.45 ppm, ethyl acetate extract
was 230.97 ppm, and n-hexane extract was 180.31 ppm. The secondary metabolite compounds observed in red mangrove leaves
extracted with different solvents (ethanol, ethyl acetate, and n-hexane) include terpenoids, alkaloids, ketones, phenols, turpentine oil,
essential oils, unsaturated fats, and camphor. The ethyl acetate extract from red mangrove leaves inhibited the growth of S.aureus and V.
parahaemolyticus. A. hydrophila and V. parahaemolyticus exhibited the lowest inhibition zone, which varied based on time and concentration.
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INTRODUCTION

Indonesia is one of the countries with the world's
largest area of mangrove forests. Approximately 22.6%
(3.4 million hectares) of the world's total mangrove cover is
estimated to be found within Indonesia's borders (Kusmana
et al. 2020). This vast expanse of mangrove forests makes
Indonesia a global center of mangrove biodiversity, playing
a crucial role in maintaining coastal ecosystem balance and
mitigating climate change (Jennerjahn et al. 2022). Most of
Indonesia's mangrove forests are across Papua, East
Kalimantan, South Kalimantan, Riau, and South Sumatra
(Arifanti et al. 2022). A total of 202 types of mangroves
(47 true mangroves) have been identified in Indonesia.
Some common types of mangroves are from the genus
Rhizopora, Avicennia Sonneratia, and Bruguiera (Irawan et
al. 2021; Kathiresan 2021).

The red mangrove (Rhizophora mucronata), classified
as a true mangrove species, predominates in coastal regions
characterized by tropical and subtropical climates, including
those found in Indonesia (Kumari et al. 2015). These
mangroves have a crucial ecological role (Bento et al.

2024), such as protecting beaches from erosion, providing
habitat for various marine animals, and absorbing carbon
dioxide, which helps mitigate climate change (Alongi
2022). Besides their ecological benefits, red mangrove has
various pharmacological potentials (Awuku-Sowah et al.
2022). Setyawan et al. (2019) reported that red mangrove
has the potential to be anti-bacterial, anti-viral, and anti-
fungal. Several types of secondary metabolite compounds
that have been identified in red mangrove are alkaloids and
hydrolyzed tannins, polyphenols, flavonoids, polysaccharides,
triterpenes, inositol, saponins, anthrocyanidins (Anjaneyulu
and Rao 2001). These compounds have various beneficial
biological activities, such as antioxidant, anti-implamantory,
and anticancer (Sudhir et al. 2022). In the fisheries sector,
red mangrove has been utilized for its potential to combat
various diseases caused by viruses and bacteria, including
White Spot Syndrome Virus (WSSV) (Zhao et al. 2017),
Vibrio harveyi (Mulyani et al. 2020) and Aeromonas
salmonicida (Park et al. 2020). Baskaran and Mohan
(2012) also reported that red mangrove is effective as an
alternative medicine for vibriosis in lobster larvae
(Nephropidae).
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Brine shrimp (Artemia salina L.) cytotoxicity assay
(BSLT) is one of the cytotoxic tests commonly used to
assess the pharmacological activity and toxicity of a plant
extract (Anderson et al. 1988; McLaughlin 1991; Syamsurizal
et al. 2023). This method continues to develop and has
been applied globally for over 20 years. According to Orno
and Rantesalu (2020), this method is relatively easy to
apply, effective, fast, and cheap. Various indigenous
Indonesian plant extracts have been evaluated for their
toxicity levels using this method, including Tiwai onion
bulbs (Eleutherine bulbosa) (Lestari et al. 2019), mangosteen
leaves (Garcinia mangostana L.) (Ansori 2020; Said et al.
2023) and red algae (Eucheuma spinosum) (Hamrun et al.
2020; Sugrani and Fitriana 2021). The toxicity values of
several types of mangrove extracts were also previously
reported, including Avicennia marina, Rhizophora mucronata,
Sonneratia alba, and Xylocarpus granatum (Darmadi et al.
2021).

One factor influencing a plant extract's toxicity value is
the solvent used for extraction. Research results by
Ningdyah et al. (2015) revealed that Tampoi fruit peel
(Baccaurea macrocarpa) extracted with a semi-polar
solvent (ethyl acetate) tends to have higher toxic properties
compared to polar (methanol) and non-polar (n-hexane)
solvents. So far, cytotoxic testing of red mangrove leaves
using the BSLT method has been restricted to polar
solvents, specifically methanol (Musdalipah et al. 2021)
and ethanol (Saragih et al. 2020). However, the comparative
toxicity of red mangrove (R. mucronata) leaf extracts using
different solvents (polar, non-polar, and semi-polar) remains
undisclosed. Therefore, this study aims to evaluate the
cytotoxicity of red mangrove (R. mucronata) leaves extracted
using three different solvents (ethanol, ethyl acetate, and n-
hexane) using the BSLT method, as well as to assess its
potential against various pathogenic bacteria.

MATERIALS AND METHODS

Collection and preparation of red mangrove leaf samples

A total of 2 kg of fresh red mangrove (R. mucronata)
leaves were collected from the coastal area of Alue Naga,
Banda Aceh City (5.59°98°4"°N, 95.35°25°9”’E). The leaves
were thoroughly cleaned and cut into small pieces.
Subsequently, they were air-dried at room temperature for
seven days. After drying, the leaves were finely ground
using a blender and filtered through a sieve to obtain a fine
dry powder (Ghosh et al. 2017).

100 g of red mangrove leaf powder was placed into
three separate beakers, each containing different solvents:
ethanol p.a, ethyl acetate p.a, and n-hexane p.a (Merck)
each of 1 L (comparison 1:10) for 24 hours. After 24 h
maceration, the filtrate is filtered. Maceration is performed
twice until the filtrate is nearly transparent (Karim et al.
2020). The filtrate obtained from maceration was composited,
and the solvent was removed using a vacuum rotary
evaporator (Buchi R300; Switzerland) at temperatures close
to the boiling points of each solvent (ethanol: 78.37°C, ethyl
acetate: 77.1°C and n-hexane: 69°C). The resulting thick
extract was further dried over a water bath maintained at
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45°C until a dry, concentrated extract was obtained (Lestari
et al. 2019).

Preparation of stock solution and hatching of artemia
salina larvae

1 g of dry extract from each solvent was placed in
separate Erlenmeyer. Each extract was dissolved in 2 mL
of sterile seawater, serving as the standard solvent.
Homogenized sterile seawater was added to obtain the total
volume of 500 mL as a stock solution with a concentration
of 2000 ppm (Indriaty et al. 2022).

A. salina eggs were obtained from local ornamental fish
traders in Baiturrahman District, Banda Aceh City. Hatching
of A. salina eggs refers to the protocol by Lestari et al.
(2019). Briefly, 50-150 mg of A. salina were soaked in
distilled water for 1 hour. Next, the eggs are filtered and
hatched in a plastic container with a volume of 500 mL of
sterile seawater (salinity 30 ppt, pH 7-8, temperature 28-
29°C) equipped with aeration and a 40-watt lighting lamp.
A. salina eggs are left for 36-48 hours until they hatch into
nauplii. A. salina larvae that are 48 hours old and have
active movement will be selected for further testing
(Bhuvaneshwari et al. 2017).

Gas Chromatography and Mass Spectrometry (GC-MS)
identification

The secondary metabolic compounds in each extract
were identified using Gas Chromatography-Mass Spectrometry
(GC-MS) (Shimadzu QP2010 SE system). A Rxi-1lms
column was utilized under the following conditions: an
oven temperature range of 50°C to 290°C, an interface
temperature of 290°C, a split control mode, a pressure of
20.8 psi, a total flow rate of 23.7 mL/min, a split ratio of
200:1, a split flow rate of 199 mL/min, helium as the
carrier gas, and a mass selective detector (MSD) (Al-
Rubaye et al. 2017).

Brine shrimp cytotoxicity bioassay

A total of 20 Artemia salina larvae were placed into
vials with a volume of 10 mL added with red mangrove
leaf extract of 100, 250, 500, and 1000 ppm. The test vials
were placed under a 40-watt lamp for 24 hours at room
temperature (28-29°C). Each concentration of treatment
was replicated five times. Mortality observations, defined
by the absence of movement for several seconds and a
tendency for the larvae to remain at the bottom of the
container, were conducted every 6 hours over 24 hours
(Roy et al. 2023).

Antibacterial activity

The antibacterial activity test was carried out using the
disc diffusion method on Mueller Hinton Agar (MHA)
media following Igbinosa et al. (2022) with modification.
The concentrated extract of red mangrove leaves from ethyl
acetate solvent was diluted using Dimethyl Sulfoxide
(DMSO) to a concentration of 20%, 30%, and 40%. The
ethyl acetate extract of red mangrove leaf was used to
determine the antibacterial activity due to the extract yield
and its acute toxicity value against A. salina (Table 1, Table
3). The bacteria tested were Vibrio parahaemolyticus,
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Aeromonas hydrophila, and Staphylococcus aureus. The
positive control was chloramphenicol, while the negative
control was distilled water. Bacterial inoculation on the
growth medium was done using a sterile cotton swab
(Damtie and Mekonnen 2020).

40 pL of red mangrove leaf extract was applied to a 6
mm diameter paper disc (Oxoid CT0998) and incubated at
37°C for 48 hours (Rahman et al. 2017). The diameter of
the clear zone produced by each extract concentration
against bacteria was measured using a digital caliper
(Sigmat Sketch) with an accuracy of 0.01 mm. Measurements
of the inhibition zones were conducted at 24 and 48 hours.
Each extract and bacterial concentration treatment was
replicated five times.

Data analysis

Data on the percentage of A. salina mortality on
different solvents and the inhibition zones (clear zones)
against each bacterium were presented as mean values with
standard deviations. The LCs - 24-hour value for each solvent
was determined using probit analysis. The significance of
A. salina mortality between solvents at 24 hours and the
significance of the effect of extract concentration on
bacterial inhibition zones were measured using one-way
ANOVA with a 95% confidence interval (P<0.05). The
content of secondary metabolic compounds in each extract
was presented and analyzed descriptively. The effect of
incubation time on the bacterial inhibition zone was tested
using independent t-test analysis. Statistical analyses were
performed using SPSS 22 software.

RESULTS AND DISCUSSION

The yield of extract and secondary metabolic content of
red mangrove extract

The yield of red mangrove leaves produced from each
solvent was 14.7 g (14.7%) for ethanol, 4.4 g (4.4%) for
ethyl acetate, and 1.92 g (1.92%) for n-hexane (Table 1).
The ethanol and ethyl acetate extracts have a thick texture
and a dark green color. Meanwhile, hexane extract of red
mangrove leaves extracted using n-hexane solvent have a
thick, oily texture and a deep green color.

Twenty-six secondary metabolic compounds were
successfully identified in n-hexane red mangrove leaves, 12
compounds from ethanol extract, and 13 compounds from
ethyl acetate extract (Table 3). The class of compounds that
have been successfully identified includes alkaloids (2-
Pentanol, 2-methyl- (CAS) 2-Methyl-2-p, Cyclopentanol,
1-methyl-, 2-Hexen-1-ol,(E)-(CAS)trans-2-Hexen-1-,
Tetradecanoic acid, Tetradecanoic acid, ethyl ester (CAS)
Ethyl, Hexadecanoic acid, methyl ester (CAS) Me.,
Hexadecanoic acid (CAS) Palmitic acid, Hexadecanoic
acid, ethyl ester (CAS) Ethyl, 1-Octadecene (CAS) alpha-
Octadecene, Oleic acid, and Elaidic acid, (E)-9-
Octadecenoic acid ethyl, 2-Pentanol, 2-methyl- (CAS) 2-
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Methyl-2-p, and Cyclopentanol, 1-methyl-), unsaturated
fats (Dodecanoic acid (CAS) Lauric acid, and Dodecanoic
acid, ethyl ester (CAS) Ethyl 1a), terpenoids (1,8-Cineole),
essential oils (Borneol L, and 1-Heptadecene), limestone
(Camphor), turpentine oil (Alpha.-Pinene), ketones (2-
Hexanone n-Butyl methyl ketone), Andphenol (Styrene
Benzene, ethenyl-, and Benzene, 1,3,5-trimethyl- (CAS)
1,3,5-Tri) (Table 2).

Alkaloid compounds and unsaturated fats were
identified in red mangrove leaves, which were extracted
using three solvents. Terpenoids compound was detected
both in n-hexane and ethyl acetate extract. Meanwhile,
ketones, phenols, camphor, and turpentine oil are only
found in n-hexane red mangrove leaf extract. Types of
secondary metabolic compounds found in the three
solvents were Hexadecanoic acid (CAS), Tetradecanoic
acid (CAS), and Dodecanoic acid (CAS) (Table 3). The
highest percentage in hexane red mangrove leaves extract
is 1,8-Cineole (26.51%), 2-Pentanol, 2-methyl- (CAS) 2-
Methyl-2-p (10.33%), and -Hexanonen-Butyl methyl ketone
(7.45%). Meanwhile, the ethanol solvent is Octadec-9-
Enoic acid (31.10%), Hexadecanoic acid (CAS), Palmitic
acid (25.11%), and Dodecanoic acid (CAS) Lauric acid
(11.10%). In the ethyl acetate solvent, they are Dodecanoic
acid, 1,2,3-propanetriyl ester (29.08%), 1(2H)-Naphthalenone,
octahydro-4a,8a-dim (19.18%), and Glyceryl Tridodecanoate
(10.55%) (Table 2).

Artemia salina mortality rate and LCso - 24-hour

The mortality rate of A. salina exposed to red mangrove
leaf extract of three different solvents (ethanol, n-hexane,
and ethyl acetate) at 6 hours of observation and a
concentration of 100 ppm was 5%. At a concentration of
250 ppm, the mortality rates were 11.67%2.89%, 10%:+0%,
and 6.25%+2.5% for ethanol, n-hexane, and ethyl acetate,
respectively. At a concentration of 500 ppm, the mortality
rates were 9%=+4.18%, 13.75%z4.79%, and 8%+3.46% for
ethanol, n-hexane, and ethyl acetate, respectively. At a
concentration of 1000 ppm, the mortality rates were
8%+2.74%, 50%+14.58%, and 39%+6.52% for ethanol, n-
hexane, and ethyl acetate, respectively.

A similar pattern occurred at 12, 18, and 24 hours for
all concentrations between solvents (Figure 1). Statistical
analysis showed that there was no significant effect of
different solvents on mortality values of A. salina at the 24-
hour at concentrations of 100 and 250 ppm (p>0.05) (Table
3). However, there was a significant increase in mortality
in the treatment of n-hexane extract compared to the other
2 solvents at a concentration of 500 ppm (p<0.05) (Table
3). At a concentration of 1000 ppm, there was a significant
increase in mortality value in the treatments of n-hexane
and ethyl acetate extract compared to the ethanol solvent
(p<0.05) (Table 2). The lowest LCsq - 24-hour values in red
mangrove leaves were n-hexane extract followed by ethyl
acetate and ethanol extracts, i.e.,180.31 ppm, 243.55 ppm,
and 402.45 ppm, respectively (Table 3).
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Table 1. Extract yield of red mangrove leaves in various solvents

Solvent Powder (g) Extract (g) Yield (%)
Ethanol 100 14.7 14.7
Ethyl acetate 100 4.4 4.4
N-hexane 100 1.92 1.92

Table 2. Identified compounds of Rhizophora mucronata leaf extracts using GC-MS analysis

Ethanol extract

Ethyl acetate extract

Hexane extract

Compounds Re_lt_gntion Area Rete_ntion Area Rete_ntion Area
ime Time Time
: (%) ; (%) ; (%)
(minute) (minute) (minute)
Ethane, 1,1-diethoxy- (CAS) 1,1-Diethoxye 3.413 9.60 - - - -
5 Methyl Furfural 6.662 0.60 - - - -
5H-1,4-Dioxepin, 2,3-dihydro-2,5-dimethyl 8.010 1.19 - - - -
Dodecanoic acid (CAS) Lauric acid 15.733 11.10 15.414 10.19 15.427 3.26
(-) Caryophyllene oxide 15.950 0.43 15.597 0.78 - -
Globulol 16.802 0.56 - - - -
4,8-Dimethyl-Nona-3,8-Dien-2-One 17.370 0.92 - - - -
Tetradecanoic acid (CAS) Myristic acid 17.981 10.82 17.643 5.32 - -
Hexadecanoic acid (CAS) Palmitic acid 20.065 25.11 - - 19.734 3.74
Octadec-9-Enoic Acid 21.731 31.10 - - - -
Octadecanoic acid 21.947 7.09 - - - -
9,12-Octadecadienoic acid (Z,2)-(CAS) Li 22.410 1.47 - - - -
.alpha.-Guaiene - - 13.845 1.16 - -
Seychellene - - 13.963 2.24 - -
5-Azulenemethanal, 1,2,3,4,5,6,7,8-octahyd - - 14.154 1.46 - -
1-Hexadecanol - - 15.733 1.48 - -
1(2H)-Naphthalenone, octahydro-4a,8a-dim - - 16.570 19.18 - -
Hexadecanoic acid, methyl ester - - 19.249 1.46 19.270 0.87
n-Hexadecanoic acid - - 19.714 7.92 - -
Dodecanoic acid, 1,2,3-propanetriyl ester - - 20.888 29.08 - -
Heptadecene-(8)-Carbonic Acid - - 21.364 9.18 - -
Glyceryl Tridodecanoate - - 22.649 10.55 - -
2-Pentanol, 2-methyl- (CAS)2Methyl-2- - - - - 3.303 10.33
-Hexanonen-Butyl methyl ketone - - - - 3.872 7.45
Cyclopentanol, 1-methyl- - - - - 4.007 3.72
2-Hexen-1-ol, (E)- (CAS) trans-2-Hexen-1- - - - - 4.746 3.73
Styrene Benzene, ethenyl- - - - - 5.451 151
Alpha.-Pinene - - - - 6.296 4.43
Benzene, 1,3,5-trimethyl- (CAS) 1,3,5-Tri - - - - 7.174 1.78
5-Hexen-2-one (CAS) Allylacetone - - - - 7.671 5.47
1,8-Cineole - - - - 7.783 26.51
Camphor - - - - 9.414 0.98
Borneol L - - - - 9.936 1.37
Dodecanoic acid (CAS) Lauric acid - - - - 15.427 3.26
Dodecanoic acid, ethyl ester (CAS) Ethyl la - - - - 15.618 191
Benzene, (2-decyldodecyl)- (CAS) 11-Benz - - - - 17.028 1.32
Tetradecanoic acid - - - - 17.662 2.25
Tetradecanoic acid, ethyl ester (CAS) Ethyl - - - - 17.890 1.64
1-Heptadecene - - - - 18.019 0.61
Hexadecanoic acid, ethyl ester (CAS) Ethyl - - - - 19.956 3.73
1-Octadecene (CAS) .alpha.-Octadecene - - - - 20.076 2.09
Phytol - - - - 21.151 1.35
Oleic Acid - - - - 21.389 1.38
Elaidic acid, (E)-9-Octadecenoic acid ethyl - - - - 21.582 5.26
Octadecanoic acid, ethyl ester - - - - 21.838 1.32
1-Heneicosanol - - - - 21.952 1.96
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Figure 1. Mortality percentage of Artemia salina treated with red mangrove extracts using various solvents and concentrations. A.
Ethanol extract; B. Ethyl acetate extract; C. n-hexane extract; D. GC-MS chromatogram of ethanol extract of red mangroves (Rizophora
mucronata); F. GC-MS chromatogram of ethyl acetate extract of red mangrove (Rizophora mucronata); G. GC-MS chromatogram of n-

hexane extract of red mangrove (Rizopho

ra mucronata)

Table 3. Mortality and LCso - 24-hour values of Artemia salina treated with red mangrove (Rhizophora mucronata) leaf extract

Solvent

Artemia salina mortality (%)

LCso- 24-hour

100 ppm 250 ppm 500 ppm 1000 ppm (ppm)
Ethanol 36+4.18? 43+4.472 52+5.702 61+7.422 402.45
Ethyl acetate 35+6.122 42+8.37° 50+10.802 99+2.24° 243.55
N-hexane 43+7.58° 48+7.58° 68+8.37° 99+2,24 180.31

Note: *: Different superscripts in the same column indicate significant differences (p<0.05)
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Effect of the concentration of red mangrove leaf extract
on the inhibition of bacterial growth

The red mangrove leaf extract at concentrations of 20%
and 30% had the same inhibitory zone diameter against S.
aureus and A. hydrophila bacteria up to 48 h (p>0.05). A
significant increase in the diameter of the inhibition zone
against S. aureus and A. hydrophila occurred at a
concentration of 40% with the inhibitory zone of 15.07+1.13
mm (S. aureus) and 11.53x1.96 mm (A. hydrophila)
(Figure 2.A; 2.B). In 24 hours, the diameter of the inhibition
zone in various red mangrove leaf extract concentrations
against V. parahaemolyticus increases significantly as the
extract concentration increases (p<0.05). However, in 48
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hours, the diameter of the inhibition zone of 30% and 40%
extract concentration showed no significant difference with
values of 9.35+1.28 - 9.76+0.62 mm (p>0.05) (Figure 2C).

The research results show that the diameter of the
inhibition zone against S. aureus in all treatments was
higher and significantly different from that of the bacteria
A. hydrophila (Figure 2D). However, when the inhibition
zone is compared to the inhibition zone of V.
parahaemolyticus, the significant difference is only at
concentrations of 20% and 40%. Meanwhile, the diameter
of the inhibition zone between A. hydrophila and V.
parahaemolyticus was not significantly different, except
for a concentration of 30% at 48 hours (Figure 2.E).

Aeromonas hydrophila

[H control +
B W20%

W30%

E40%

20,00

15,00

10,00

E
E
o
2
s
~
=
s
35
=
=
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Positif Control 20% 30% 40%
Concentration

E [ Staphylococecus aureus
M Aeromonas hydrophila
W Vibrio parahaemalyticus

0.00

Positif control 20% 30% 40%
Concentration

Figure 2. The effect of ethyl acetate extract of red mangrove leaves on the inhibition zone against: A. Staphylococcus aureus; B.
Aeromonas hydrophila; C. Vibrio parahaemolyticus. The inhibition zone of ethyl acetal extract of red mangrove leaves against several
bacteria was observed at: D. 24 hours; E. 48 hours
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Table 4. Effect of time on the inhibition zone of fish pathogenic bacteria
Bacteria Treatment Inhzlglﬁon Zone dlametezénr;lm) Criteria Sig. t-test

Staphylococcus aureus Control - 0 0 - 0
Control + 22.41+0.63 22.21+1.00 Very strong 0.761
20% 8.30+1.33 7.57+1.39 Moderate 0.072
30% 9.91+1.56 9.43+1.75 Moderate 0.148
40% 14.55+1.69 15.07+1.13 Strong 0.572

Aeromonas hydrophila Control - 0 0 - 0
Control + 19.01+0.64 18.49+0.66 Strong 0.065
20% 5.92+1.76 6.02+1.65 Moderate 0.262
30% 7.41+£1.17 5.89+1.20 Moderate 0.060
40% 12.04+1.872 11.53+1.96° Strong 0.015"

Vibrio parahaemolyticus Control - 0 0 - 0
Control + 20.23+0.91 20.86+0.41 Strong 0.213
20% 5.26+0.10 5.74+0.13 Moderate 0.891
30% 9.46+1.56 9.35+1.28 Moderate 0.876
40% 11.24+0.96 9.76+0.62 Strong 0.107

Effect of the length of incubation on the bacterial
inhibition zone

The results showed no significant differences in the
diameter of the inhibition zones against S. aureus and V.
parahaemolyticus as the incubation time increased in all
treatments. A similar pattern was observed in the diameter
of the inhibition zones against A. hydrophila for the
negative control, positive control, and extract concentrations
of 20% and 30%. However, at an extract concentration of
40%, the diameter of the inhibition zone significantly
decreased after 48 hours (11.53+1.96 mm ) compared to 24
hours (12.04+1.87 mm) (Table 4).

Discussion

Two species of mangroves have been tested for their
cytotoxicity using polar, semi-polar, and non-polar solvents,
i.e., Rhizophora apiculata and Acanthus ilicifolius (Maulana
2021). The hexane extract of A. ilicifolius leaves exhibited
the highest toxicity, with a value of 245.25 ppm, and the
highest toxicity of R. apiculata leaves was obtained in the
ethanol extract (40.45 ppm). This research revealed that the
n-hexane extract was more toxic than other extracts.
However, the yield produced was lower than that of the
other extracts. The effectiveness of the extraction process
influences the yield. According to Rodriguez De Luna et al.
(2020), factors influencing extraction results are time,
temperature, stirring, and solvent. Apart from the type of
solvent, sample size also influences the extract yield. The
smaller the surface area of the sample, the greater the
contact and the greater the interaction with the solvent
(Ptotka-Wasylka et al. 2017).

The difference in toxicity values among solvents is
closely related to the type of bioactive compounds extracted
by the solvent. It is caused by its active compounds, such
as terpenoids in mangrove leaves, extracted by hexane and
ethyl acetate, which are toxic to Artemia. The terpenoid
compounds in the n-hexane extract of red mangrove (R.
mucronata) leaves include 1.8-cineole and phytol. Terpenoid
compounds were also identified in the ethyl acetate, i.e.,
1(2H)-Naphthalenone, octahydro-4a,8a-dim, which causes

toxicity. Phytol and cineole are toxic against bacteria
primarily due to their disruptive effects on bacterial cell
membranes and essential cellular processes. Phytol, a
diterpene alcohol, integrates into the bacterial cell membrane,
altering its permeability and leading to the leakage of vital
cellular contents, eventually resulting in cell death (Okoh et
al. 2015). Phytol interferes with the functions of enzymes
and proteins within the cell membrane, further contributing
to its antibacterial activity (Sung et al. 2018).

On the other hand, cineole, also known as eucalyptol, is
a cyclic ether and monoterpene that exhibits antimicrobial
properties by similarly disrupting bacterial cell membranes.
Its lipophilic nature allows cineole to penetrate the lipid
bilayer of bacterial membranes, causing structural and
functional damage (Van et al. 2024). Moreover, cineole
may interfere with bacterial respiration and energy production,
making survival difficult for the bacteria (Calo et al. 2015).
These combined effects of phytol and cineole on bacterial
integrity result in potent antibacterial activity and are
widely used in natural preservatives and various treatments
to control bacterial pathogens (Messaoudi et al. 2023).

The ethyl acetate extract of red mangrove leaves
showed various antibacterial activity against each bacteria
tested. S. aureus was more susceptible than the A. hydrophila
and V. parahaemolyticus bacteria. It might be influenced
by the characteristics of the cell wall structure of S. aureus
as a Gram-positive bacteria. According to Dorr et al.
(2019), Gram-negative bacteria (including A. hydrophila
and V. parahaemolyticus) are less susceptible to antibiotics
because it has a complex cell wall structure with 3 layers,
namely the outer membrane (OM), the peptidoglycan cell
wall, and the cytoplasmic or inner membrane (IM). Gram-
positive bacteria possess a cell wall structure with more
peptidoglycan, fewer lipids, and polysaccharides (teichoic
acid) (Siegel et al. 2016). Teichoic acid is a water-soluble
polymer that acts as a conduit for transporting positive ions
in or out of the cell. This water solubility indicates that the
cell walls of Gram-positive bacteria are more polar.
Flavonoid and tannin are polar compounds that penetrate
the polar peptidoglycan layer more quickly than the non-
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polar lipid layer. It causes the inhibitory activity of Gram-
positive bacteria to be greater than Gram-negative bacteria’s.

A similar result was also reported by Jamili et al.
(2014), where S. aureus (Gram-positive bacteria) had a
broader zone of inhibition compared to Salmonella typhi
(Gram-negative bacteria). The research results by Danada
and Yamindago (2014) showed that Avicennia marina
mangrove leaf extract was more effective in inhibiting S.
aureus than V. parahaemolyticus. A study by Sungkar et al.
(2018) showed that face powder enriched with R. mucronata
mangrove fruit extract demonstrated a more significant
inhibition zone against S. aureus than Escherichia coli.

Differences in the antibacterial activity of each extract
are influenced by the composition of the active compounds.
Flavonoids can damage cell walls, cause cell death, and
exhibit antibacterial activity by disrupting the metabolic
function of microorganisms. They achieve this by damaging
cell walls and denaturing the cell proteases of microorganisms.
Tannins can also damage cell membranes and the
formation of bacterial conidia. The high density of bacterial
cells may also influence the effectiveness of the active
antibacterial substances in each extract (Stokes et al. 2019).

The concentration of the bioactive compounds influences
the effectiveness of antibacterial activity. Increasing the
concentration of substances causes an increase of active
antibacterial compounds so that their ability to kill bacteria
also increases (Diez-Pascual 2018). According to Li et al.
(2017), the concentration of antimicrobial substances
significantly affects the growth of microorganisms. Higher
concentrations lead to a greater number of microbial deaths.
Consequently, varying concentrations of antimicrobial
substances could result in different inhibitory zones for
each microbe.

The study results showed no difference in inhibitory
zone in different incubation time (P<0.005) for the S.
aureus and V. parahaemolyticus bacteria. However, the
ethyl acetate extract of red mangrove leaves at a concentration
of 40% at 48 hours of incubation was decreased compared
to 24 hours of incubation. Siegel et al. (2016) stated that
different incubation times impacted antibacterial activities.
Seagrass extract incubated for 48 hours at a concentration
of 15% exhibited higher inhibitory activity than that of 24
hours and 72 hours. Generally, a more extended incubation
period results in a broader inhibition zone as the active
compounds in the extract increase and have a more
extensive inhibitory zone. However, the inhibition rate
slows down beyond a certain point due to the decrease in
the amount of active compounds in the extract (Pina-Pérez
and Pérez 2018). A prolonged incubation period generally
allows the active compounds in an extract to accumulate,
leading to an increased antimicrobial effect. This
accumulation enhances the interaction between the active
compounds and microbial cells, resulting in a broader
inhibition zone around the extract. The initial stages of
incubation possess a rapid expansion of this inhibition zone
as the active compounds are at their highest concentration,
effectively disrupting microbial growth and leading to a
clear area devoid of bacterial or fungal activity. However,
as the incubation continues, the inhibition zone's expansion
rate begins to slow down due to the active compounds in
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the extract diminishing over time, either due to degradation
or diffusion away from the application site. As these
compounds decrease in concentration, their ability to inhibit
microbial growth decreases. Therefore, optimizing incubation
times to achieve maximum antimicrobial efficacy is
important.

Ethyl acetate extract of red mangrove (R. mucronata)
leaves had the highest inhibitory zone against S. aureus
ATCC 25923 compared to the A. hydrophila ATCC 7966
and V. parahaemolyticus at 24 hours. However, at 48 hours
and 30% extract concentration, the inhibition zone against
S. aureus ATCC 25923 was almost equal to that of V.
parahaemolyticus. The lowest inhibition zone was in the A.
hydrophila ATCC 7966 and V. parahaemolyticus bacteria,
depending on time and concentration.

It can be concluded that based on the Brine Shrimp
Lethality Test (BSLT), the LCso value for the ethanol, ethyl
acetate, and n-hexane extracts of red mangrove (R.
mucronata) were 402,450 ppm, 230,977 ppm, and 180,310
ppm, respectively. It indicated that all three extracts were
categorized as toxic. The secondary metabolite compounds
in the ethanol extract with the highest LCso Were terpenoids,
alkaloids, ketones, phenols, turpentine oil, essential oils,
unsaturated fats, and camphor. The ethyl acetate extract of
red mangrove leaves shows increased antibacterial activity
against S. aureus and V. parahaemolyticus by increasing
extract concentration. At 48 h of incubation, the largest
inhibition zone diameter was obtained against S. aureus
(15.07+1.13mm). Inter-time comparison showed no
significant difference in inhibition zone diameter against S.
aureus and V. parahaemolyticus. The inhibition zone diameter
against A. hydrophila was decreased from 12.04+1.87 mm
at 24 hours to 11.53 +1.96 mm at 48 h at 40% extract
concentration.
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