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Abstract. Egra S, Kuspradini H, Kusuma IW, Batubara I, Imra, Nurjannah, Wahyuni E, Yamauchi K, Mitsunaga T. 2023. Potential of 
prospective medicinal plants of Rhizophoraceae from North Kalimantan, Indonesia. Biodiversitas 24: 1346-1355. The abundance of 
mangrove forests in the equatorial region necessitates proper management, including the sustainable use of plant parts for functional 
products such as food, medicine, etc. This study aimed to assess the medicinal potential of five mangrove plants through phytochemical 
analysis, antibacterial assays against Streptococcus sobrinus, DPPH free radicals, and toxicity assay using Artemia salina L., Bruguiera 
parviflora (Roxb.) Wight and Arn. ex Griff, Bruguiera cylindrica (L.) Blume, Ceriops tagal (Perr.). The plants used were Ceriops tagal 

(Perr.) C.B. Rob, Rhizophora mucronata Poir, and Rhizophora apiculata Blume. Plant samples were extracted with n-hexane, ethyl 
acetate, and methanol in that order, and then the obtained plant extracts were subjected to various assays. The results showed that B. 
cylindrica wood and C. tagal leaf extract had the highest antibacterial activity, with more than 50% relative inhibition. The C. tagal leaf 
methanolic extract had the highest antioxidant activity, by 91% relative inhibition. Followed by R. mucronata wood ethyl acetate extract 
and B. parviflora leaf methanolic extract, with 87% and 86%, respectively. The highest value in the cytotoxicity assay was discovered in 
the B. cylindrica in the very strong category with an LC50 value of 22.9 µg/mL. The present study revealed the potential of mangrove 
plant extracts to have strong antibacterial, cytotoxic, and antioxidant properties. 
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INTRODUCTION 

Tarakan City is a small island with an area of 657.33 

km2. The island is located in the northern region of 

Kalimantan, Indonesia which has mangrove forest areas of 

1,244.9 ha. The mangrove forest of Tarakan City is part of 

the coastal ecosystem. That provides a productive natural 

resource for fish (fish, shrimps, crabs, gastropods, shells), 

animals, snakes, monkeys, proboscis's monkeys, birds, and 

mangrove vegetation, namely mangrove plants from 
Rhizophora, Avicennia, Combretocarpus, Nypa, etc. 

Specifically, the most mangrove vegetation found on the 

side of coastal mangrove forest land in Tarakan City is 

Rhizophora plants (Sawitri et al. 2013).     

Rhizophora plants, commonly called bakau in 

Indonesia, are mangrove vegetation that mostly grows on 

the side of tropical coastal land. Five types of mangrove 

plants can commonly be found in the Indonesian mangrove 

forest, i.e., Rhizophora apiculata Blume, Rhizophora 

mucronata Lam., Rhizophora stylosa Griffith, Bruguiera 

gymnorrhiza (L.) Lam., and Ceriops tagal (Perr.) C.B.Rob. 

This vegetation can also be found mostly in the mangrove 
conservation area of Tarakan City, North Kalimantan, 

Indonesia. The Indonesian coastal peoples have long 

utilized mangroves as materials for paper, coal, and 

firewood. Mangroves contain a lot of tannins, especially in 

the stems. Tannins in plants play an important role in 

protecting plants from predation by herbivores and pests 

and regulating growth. In addition, tannins are a group of 

polyphenols with antibacterial activity (Nguyen et al. 

2023). Tannins in mangroves can be used as a coating 

material. People living near the Indonesian coast also 

utilize mangroves as traditional medicinal for generations. 

However, the coastal peoples of Tarakan City have not 
optimally utilized the mangrove plants (Sawitri et al. 2013).     

Sough, Ambay and Mandori tribes from Papua near the 

coastal area have used mangroves as traditional medicinal 

plants for generations (Mahmud and Wahyudi 2014). The 

Sough tribe in Papua utilized Rhizophora bark for 

toothache and malaria, while Rhizophora root was utilized 

to cure diarrhea. The Ambay tribe utilized Rhizophora stem 

and twig coal for strengthening the toddler's bones. The 

Mandori tribe utilized Rhizophora root as a diarrhea curing 

following the Sough tribe. These tribes believed that using 

mangrove plants as traditional medicines had no side 
effects. The coastal peoples of Mamuya Village in East 
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Halmahera District, North Maluku, Indonesia have a long 

history of using mangrove plants as traditional medicines 

for rashes, wounds, liver disease, muscle aches, and 

toothache (Abubakar et al. 2019). Mangroves have long 

been utilized as traditional medicinal plants by the coastal 

peoples are considered due to the active compounds in the 

mangroves that have the potential as natural medicinal 

materials to cure various diseases. On the other hand, B. 

parviflora is traditionally used as an antitumor. This plant 

contains carbohydrates, carotenoids, lipids, minerals, 
phenolic compounds, procyanidins, proteins, and tannins. 

R. mucronata is also used traditionally as a treatment for 

elephantiasis, hematoma, hepatitis, ulcers, and as a 

febrifuge. This plant contains alkaloids, anthocyanidins, 

carotenoids, tannins, gibberellins, flavonoids, inositols, 

polysaccharides, polyphenols, procyanidins, proteins, 

saponins, steroids, and triterpenes (Bandaranayake 2002). 

The chemical composition and bioactivity of 

Rhizophoraceae mangrove plants have been widely 

studied. The Rhizophoraceae family contains the most 

common natural mangrove plant species, which are found 
across the tropics and parts of the subtropics. There are 24 

species in this family, grouped into four genera. Half of the 

24 species have not had their phytochemical components 

investigated. There have been reports of 268 metabolites 

from 16 different species. Diterpenoids and triterpenoids 

have been identified as key phytochemical constituents in 

the family (Nebula et al. 2013).    

R. apiculata leaf originated from the Indian coastal area 

and had a potential antioxidant activity that could prevent 

free radicals at 84% (Ramalingam et al. 2018). R. 

mucronata extract displayed antioxidant and 
hepatoprotective potential with low toxicity levels after in 

vivo tests on the mouse in repetitive doses for 28 days 

(Widadi et al.  2014). The antibacterial activity of  

R. apiculata extract could inhibit Gram-positive bacteria 

growth, such as Bacillus cereus, Escherichia coli, 

Salmonella typhi, and Staphylococcus aureus (Sormin et al. 

2021). The saponins, tannins, flavonoids, and steroids had 

antibacterial activity potential in R. apiculata extract. The 

Rhizophora mangrove types are known to have antioxidant 

and potential antibacterial development (Syawal et al. 

2020). The leaves and bark of Soneratia alba have 

inhibitory activity with Streptococcus sobrinus of 48.51% 

at a concentration of 20 mg/mL (Egra et al. 2020). This 
study provides information on the inhibition of S. sobrinus 

in other mangrove species with relatively lower 

concentrations. This research aims to provide information 

regarding Rhizophora's potential as a natural medicinal, 

antioxidant, and antibacterial agent, as its distribution 

around the mangrove region of Tarakan City, North 

Kalimantan, Indonesia is very extensive and widespread.  

MATERIALS AND METHODS 

Plants and chemical materials  

Five mangrove plants were obtained from the 

Mangrove and Proboscis Monkey Conservation Area, 
Tarakan City, North Kalimantan, Indonesia (3.304693°N, 

117.577164°E) (Figure 1). The chemical materials, namely 

glucose and nutrient broth, were obtained from Merck 

(Darmstadt, Germany). DPPH was purchased from Wako 

Pure Chemical Industries, Ltd. (Japan). DMSO (dimethyl-

sulfoxide) was purchased from Merck (Darmstadt, 

Germany). Other chemical materials were retrieved 

commercially along with HPLC solvent with high quality 

and purity levels. The plant herbs used were preserved in 

the Laboratory of Dendrology, Faculty of Forestry, 

Universitas Mulawarman. 
 

 

Figure 1. Research sites in the Mangrove and Proboscis Monkey Conservation Area, Tarakan City, North Kalimantan, Indonesia  
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Plant extraction 

The leaves, barks, and woods of Rhizophora species 

were collected from the field; about 250-500 g was 

collected for each sample over three days. First, the 

samples were dried in two ways: one week at room 

temperature and three days in an oven, after which they 

were ground to pieces with a Waring (USA) grinder. Next, 

the samples underwent serial maceration using n-hexane, 

ethyl acetate, methanol, and shaking (IKA-KS 260-C 

shaker, Switzerland). Next, the samples were filtered using 
a Whatman No. 2 paper (Maidstone, UK). Next, the solvent 

was separated from the extracts using a rotary evaporator 

controlled at 35-40℃. Finally, the extracts obtained were 

dried in a Memmert 100-80 vacuum oven. 

Phytochemical test 

Phytochemical tests were carried out with the principle 

of color testing referred to by Harborne (1998) and Kokate 

(2002). Each phytochemical test used 0.01 g of dried 

samples. The alkaloid test used was Dragendorff's solution. 

Positive samples contain alkaloids identified with Wagner, 

Mayer, and Dragendorff reagents. The flavonoid test used 
NaOH, H2SO4, and Mg-HCl powder. The presence of 

flavonoids was indicated by the formation of a red, yellow, 

or orange color. The saponin test was done by dissolving 

the extract in hot water and shaking it. The appearance of 

foam that has not disappeared after standing for 15 minutes 

indicates the presence of saponins. The phenolic test was 

carried out by dissolving a few milligrams of the extract 

into a solvent to which 5% FeCl3 solution was added, then 

shaken. The formation of a green or bluish-green color 

indicates the presence of phenolic. 

Antioxidant assay 
The antioxidant activity was determined using the 

DPPH radical scavenging method (Shimizu et al. 2001). 

The test was performed using a room temperature (25°C) 

spectrophotometer with 514 nm wavelength and DPPH 

(1,1-diphenyl-2-picrylhydrazyl) solution. First, the 3 mg of 

mangrove plant extract was dissolved in 1000 µL DMSO. 

Then, the 33 µL solution sample was moved to the cuvette 

containing 467 µL ethanol added with 500 µL DPPH at 60 

µm (dissolved in ethanol). The test was performed in one 

extract concentration, 100 µg/mL. Ascorbic acid was used 

as a positive control with a 50 µg/mL concentration. The 

mixture was terminated as the sample volume reached 1000 
µL (1 mL) and incubated at dark room temperature for 20 

minutes. The antioxidant activity was determined from the 

decolorization of DPPH observed by a spectrophotometer 

at 514 nm wavelength. 

Antibacterial assay 

The antibacterial assay was performed using the 

diffusion method following Ashraf et al. (2015) with 

modification. The bacteria used in this study were S. 

sobrinus grown in Nutrient agar (NA) from Merck 

(Darmstadt, Germany) as the media. The media consisted 

of 20 g of NA with supplemented 1% sucrose, diluted in 1 
L distilled water, which was autoclaved for 15 minutes at 

121oC. Media were added 20 mL to the petri dish. Then, 

the medium surface was spread with the bacteria at 20 µL 

until evenly distributed in parts of the surface perforated at 

7 mm. The bacterial concentration in the inoculum was 

standardized at 0.5 McFarland turbidity scale, equivalent to 

108 CFU mL–1. Chloramphenicol was used as a positive 

control at 100 µg/mL concentration. Samples were used in 

2000, 1000, and 500 µg/mL concentrations. The test was 

repeated in triplicate for each sample 

Cytotoxicity assay 

Artemia larvae were used in this assay (McLaughlin 
1991). The first step was to prepare a solution with 

concentrations of 1000 µL, 100 µL, and 10 µL. The eggs of 

A. salina were then prepared using seawater and placed in a 

tube with adequate light. The A. salina eggs hatch into A. 

salina puppies are called nauplii after 24 to 48 hours. A 

toxicity assay was performed by placing 3 mL of seawater 

in a vial and homogenizing it with a sample based on 

concentration. Then, ten A. salina larvae were placed in the 

vial using a pipette and kept in a well-lit location. The 

number of dead shrimp larvae for each concentration was 

counted after 24 hours. The test is repeated with different 
concentrations of extracts that have a percentage mortality 

value of 50% at a concentration of 1000 µg/mL. 

RESULTS AND DISCUSSION 

The extraction process results on each sample were 

performed through the maceration method and are 

presented in Table 1. The yield from C. tagal showed that 

the highest amount of extracted leaves, bark, and wood was 

obtained using methanol solvent at 6.5%, 13.09%, and 

0.28%, respectively. Similarly, the yield obtained from R. 

mucronata had the highest amount of extracted leaves, 

bark, and wood after using methanol solvent at 10.89%, 
2.56%, and 0.46%, respectively. Meanwhile, the amount of 

R. apiculata extract yield from leaves, bark, and wood 

obtained the highest value using methanol solvent at 

5.08%, 3.59%, and 1.10%, respectively. Finally, the yield 

obtained from B. parviflora showed that the highest 

amount of extracted leaves, bark, and wood was obtained 

using methanol solvent at 3.16%, 1.62%, and 1.74%, 

respectively. Similarly, the yield obtained from B. 

cylindrica had the highest amount of extracted leaves, bark, 

and wood after using methanol solvent at 5.80%, 1.48%, 

and 0.65%, respectively. These conditions presumably 

indicate that the higher yield value was obtained.  
Based on the phytochemical test results, C. tagal leaf 

extract had high steroid contents, while alkaloids, saponins, 

tannins, phenols, and flavonoids tended to be low. In 

addition, the bark and wood extract tended to have low 

alkaloids, steroids, saponins, tannins, phenols, and 

flavonoids. The R. mucronata leaf extract had high steroid 

contents, while alkaloids, saponins, tannins, phenols, and 

flavonoids tended to be low. In addition, the bark and wood 

extract tended to have low alkaloids, steroids, saponins, 

tannins, phenols, and flavonoids. R. apiculata leaf, bark, 

and wood extracts had high steroids, while alkaloids, 
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saponins, tannins, phenols, and flavonoids tended to be 

low. 

The antioxidant assay was performed using a 

spectrophotometer at room temperature (25℃) at 100 

µg/mL concentration on 517 nm wavelength. The results of 

the antioxidant assay are shown in Figure 2. The results 

show the highest antioxidant level in C. tagal leaf extract 

was obtained from the methanolic extract with inhibition of 

91.02%. The highest antioxidant level in C. tagal bark 

extract was obtained from ethyl acetate extract at 82.42%. 
In addition, the highest antioxidant level in C. tagal wood 

extract was obtained from ethyl acetate extract at 85.66%. 

The antioxidant test results showed that the highest 

antioxidant level in R. mucronata leaf extract was obtained 

from methanolic extract with an inhibition of 72.69%, 

while the highest antioxidant level in R. mucronata bark 

extract was obtained from ethyl acetate extract at 87.28%.  

Furthermore, the R. mucronata wood methanolic 

extract obtained the highest inhibition level at 85.91%. 

Meanwhile, the antioxidant test result on R. apiculata 

extract obtained the highest inhibition level in 100 µg/mL 
leaf ethyl extract at 47.01%. In bark extract, the highest 

inhibition level was obtained from ethyl acetate extract at 

87.16%, while the highest inhibition level in the wood 

extract was obtained from methanolic extract at 78.18%. 

The highest inhibition level of B. parviflora leaf extract 

was obtained using methanol at 86.66%. The highest 

antioxidant activity in bark and wood extracts was obtained 

using ethyl acetate at 75.69% and 73.57% inhibition, 

respectively.   

The antioxidant activity of B. cylindrica leaf extract 

was obtained using methanol with an inhibition of 73.94%, 
while its bark extract was obtained using ethyl acetate 

solvent with an inhibition of 72.07%. In addition, the 

antioxidant inhibition level in B. parviflora wood extract 

was obtained using methanol solvent at 78.30%. In 

comparison, the positive control obtained an inhibition 

level of 94.51% with a 50 µg/mL concentration.    

The results of the antibacterial activity against S. 

sobrinus are shown in Table 2. The inhibition zone 

revealed that B. parviflora leaf extract with n-hexane 

solvent inhibited S. sobrinus bacteria better than the other 

two wood and bark parts, with the highest inhibition at a 

concentration of 2000 and an inhibition value of 6.3 mm. 
B. cylindrica wood extract with methanol solvent has better 

inhibition than other plant parts on S. sobrinus bacteria, 

with the highest inhibition at concentrations of 2000, 1000, 

and 500 ppm with inhibition zone values of 13.7, 11.7, and 

10.5 mm, respectively. The inhibition zone results showed 

that the C. tagal leave ethyl acetate extract showed an 

antibacterial effect against S. sobrinus at 9, 7, and 6 mm in 

2000 µg/mL, 1000 µg/mL, and 500 µg/mL concentrations, 

while hexane and methanolic extracts had no inhibition 

activity. The bark hexane extracts inhibited S. sobrinus 

growth at 7 and 6 mm in 2000 µg/mL and 1000 µg/mL, 
respectively. The bark extract using ethyl acetate solvent 

obtained the inhibition level against S. sobrinus at 2000 

µg/mL and 1000 µg/mL at 7 and 6 mm. The bark 

methanolic extract obtained an inhibition level against S. 

sobrinus in 2000 µg/mL concentration at 7 mm inhibition. 

Based on the inhibition zone results, the R. mucronata leaf 

extract had no inhibition level against S. sobrinus. The bark 

ethyl acetic extract had the inhibition level against S. 

sobrinus at 8, 6, and 6 mm at 2000 µg/mL, 1000 µg/mL, 

and 500 µg/mL, respectively. The methanolic wood extract 

had the inhibition level against S. sobrinus at 8 mm in 2000 

µg/mL. Moreover, the inhibition zone results showed that 

the R. apiculata leaf and bark extracts had no inhibition 

activity against S. sobrinus. In contrast, the wood ethyl 

acetic extract could inhibit S. sobrinus in 2000 µg/mL 
concentration at 8 mm.  

 

 

 
 

Figure 2. Antioxidant inhibition on five mangrove plants with a 
concentration of 100 µg/mL 



 

 
Table 1. Phytochemical screening and yield value of five mangrove samples from the Rhizophoraceae family 

 

Sample Local name Part Solvent 
Alkaloids 

Steroids Saponins Tannins Phenols Flavonoids Yield (%) Extract color 
Wagner Mayer Dragendorff 

B. parviflora  Bius 

Leaves 

n-Hexane + - - + - + - - 0.85 Dark green 

E. Acetate + - - + - + + - 0.54 Dark green 

Methanol + - + - + + + - 3.16 Dark green 

Wood 

n-Hexane + + - - - - - - 0.08 Yellow 

E. Acetate + + - - - - - + 0.07 Pale Chocolate 

Methanol + + + - + - - - 1.75 Chocolate 

Bark 

n-Hexane + + - - - - - - 0.24 Green 

E. Acetate + - - - - - + - 0.12 Dark green 

Methanol + - + - - + + + 1.62 Dark chocolate 

B. cylindrica  Bakau mutut 

Leaves 

n-Hexane + - - + - + + - 1.37 Dark green 

E. Acetate - - - + + - + - 1.10 Dark green 

Methanol + - - + + + + - 5.80 Dark green 

Wood 

n-Hexane + + - - - - - - 0.30 Yellow 

E. Acetate + - - - - - - - 0.11 Pale chocolate 

Methanol + - - + - + + + 0.65 Dark chocolate 

Bark 

n-Hexane + + + + - - - - 0.17 Dark green 

E. Acetate + - - + + + - - 0.22 Dark green 

Methanol - - + + + + + + 1.48 Dark green 

C. tagal  Kayu merah 

Leaves 

n-Hexane + - - + - - - - 0.74 Dark green 

E. Acetate + - - + - - - - 1.12 Dark green 

Methanol + - - + + + + - 6.50 Dark chocolate 

Wood 

n-Hexane + + - + - - - - 0.02 Pale green 

E. Acetate + - - - - - - - 0.10 Dark chocolate 

Methanol + - - - - + + + 0.28 Dark red 

Bark 

n-Hexane + - - - - - - - 0.28 Pale green 

E. Acetate - - - - - - - - 0.31 Dark chocolate 

Methanol + - + - + + - + 13.0 Dark chocolate 

R. mucronata  Bakau minyak 

Leaves 

n-Hexane + - - + - - - - 0.19 Dark green 

E. Acetate + - - + + - - - 1.87 Dark green 

Methanol + - + + + + + - 5.08 Dark red 

Wood 

n-Hexane - - - + - - - - 0.46 Pale yellow 

E. Acetate + - - + - - - - 0.07 Chocolate 

Methanol + - - - - + + + 1.10 Pale chocolate 

Bark 

n-Hexane + + - - - - - - 0.12 Dark green 

E. Acetate + - - - + + + - 0.16 Dark green 

Methanol + - - - - + + + 3.59 Dark chocolate 

R. apiculata  Bakau panggang 

Leaves 

n-Hexane - - - + - - - - 0.87 Dark green 

E. Acetate - - - + - - - - 8.99 Dark green 

Methanol + + - + + - + - 10.8 Dark chocolate 

Wood 

n-Hexane + + - - + - - - 0.07 Pale chocolate 

E. Acetate + - - - - - - - 0.08 Pale chocolate 

Methanol + - - + - - + - 0.46 Dark red 

Bark 

n-Hexane - + - + - - - - 0.14 Dark green 

E. Acetate + - - + + - + - 0.37 Dark green 

Methanol + - + + + + + + 2.56 Dark chocolate 

Note: (-) negative; (+) exi 
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Table 2. Antibacterial inhibition against S. sobrinus 
 

Plant sample Part Extracts 
Positive 

control 

Inhibition zone (mm)/extract (µg/well) 

500 1000 2000 

Bruguiera parviflora (Roxb.) 
Wight & Arn. ex Griff. 

Leaves n-Hexane 17.0±0.1 5.7±0.1 6.3±0.1 6.3±0.1 
Ethyl Acetate 16.0±0.1 2.3±0.4 2.7±0.5 6.0±0.1 
Methanol 16.3±0.3 - - - 

Wood n-Hexane 16.0±0.0 - - 6.0±0.0 

Ethyl Acetate 26.0±0.0 - - 7.7±0.2 
Methanol 15.3±0.4 - - - 

Bark n-Hexane 14.6±0.2 - 7.0±0.3 8.7±0.5 
Ethyl Acetate 15.3±0.1 - 5.7±0.1 6.0±0.1 
Methanol 15.3±0.4 2.0±0.3 5.3±0.1 6.0±0.0 

Bruguiera cylindrica (L.) Blume Leaves n-Hexane 19.0±0.0 - - - 
  Ethyl Acetate 19.0±0.0 - - - 
  Methanol 19.0±0.0 - - 6.7±0.1 

 Wood n-Hexane 16.0±0.1 - - 6.0±0.0 
  Ethyl Acetate 19.0±0.0 4.0±0.3 5.3±0.5 9.0±0.0 
  Methanol 15.6±0.3 10.3±0.1 11.7±0.1 13.7±0.1 
 Bark n-Hexane 15.0±0.0 - - - 
  Ethyl Acetate 15.0±0.0 - - 3.0±0.5 
  Methanol 12.0±0.0 - 5.7±0.1 7.0±0.1 

Ceriops tagal (Perr.) C.B.Rob. Leaves n-Hexane 19.0±0.0 - - - 
  Ethyl Acetate 19.0±0.0 6.0±0.0 7.0±0.0 9.0±0.0 

  Methanol 15.0±0.0 - - - 
 Wood n-Hexane 20.0±0.0 - - - 
  Ethyl Acetate 18.6±0.1 - - - 
  Methanol 20.0±0.0 - - - 
 Bark n-Hexane 19.0±0.0 - 6.0±0.0 7.0±0.0 
  Ethyl Acetate 19.0±0.0 - 6.0±0.0 7.0±0.0 
  Methanol 16.0±0.0 - - 7.0±0.0 

Rhizophora apiculata Blume Leaves n-Hexane 16.0±0.0 - - - 

  Ethyl Acetate 16.0±0.0 - - - 
  Methanol 26.0±0.0 - - - 
 Wood n-Hexane 25.0±0.0 - - - 
  Ethyl Acetate 25.0±0.0 - - 8.0±0.0 
  Methanol 26.0±0.0 - - - 
 Bark n-Hexane 27.0±0.0 - - - 
  Ethyl Acetate 15.0±0.0 - - - 
  Methanol 25.0±0.0 - - - 

Rhizophora mucronata Poir. Leaves n-Hexane 25.0±0.0 - - - 

  Ethyl Acetate 27.0±0.0 - - - 
  Methanol 27.0±0.0 - - - 
 Wood n-Hexane 16.0±0.0 - - - 
  Ethyl Acetate 27.0±0.0 - - - 
  Methanol 19.0±0.0 - - 8.0±0.0 
 Bark n-Hexane 27.0±0.0 - - - 
  Ethyl Acetate 19.0±0.0 6.0±0.0 6.0±0.0 8.0±0.0 
  Methanol 25.0±0.0 - - - 

 Note: (-) negative, (+) chloramphenicol 100 µg/mL, (±) Stdev 
 
 
 

Table 3 shows the mortality rate of A. salina larvae 

ranging from 0% to 100%, with a high percentage of 

mortality at a concentration of 1000 µg/mL. The high 

concentration had a mortality percentage of up to 100% in 

the bark of the B. cylindrica in the n-hexane. Furthermore, 

B. cylindrica bark extract at a 100 µg/mL concentration 
showed the highest mortality percentage in the samples. At 

a 100 µg/mL concentration, the mortality percentage was 

67% in ethyl acetate. The highest mortality percentage in 

the samples at 10 µg/mL was 40% in ethyl acetate in the 

bark of B. cylindrica. As a result, the LC50 value was 22.9 

µg/mL in the very strong category. In this study, nine 

samples with very strong categories were obtained, namely 

the ethyl acetate and methanol extract of leaves, and ethyl 

acetate extract of bark of B. parviflora, the hexane and 

ethyl acetate extract of leaves, and the hexane and ethyl 
acetate extract of bark of B. cylindrica, and the leaves and 

wood of R. apiculata. Each plant's LC50 value was less than 

250 µg/mL. 

 



 BIODIVERSITAS  24 (3): 1346-1355, March 2023 

 

1352 

Table 3. Toxicity assay using A. salina  
 

Samples Part Extract 

Mortality (%) with 

concentration (µg/mL) 
LC50  

(µg/mL) 

Category 

1000 100 10 
 Bruguiera parviflora (Roxb.) Wight & Arn. 

ex Griff. 
Leave n-Hexane 7 - - >1000 Weak 

Ethyl acetate 60 43 37 199.1 Very strong 
Methanol 80 47 10 145.7 Very strong 

Wood n-Hexane 77 20 17 259.5 Strong 
Ethyl acetate 83 17 3 277.3 Strong 
Methanol 53 20 - 570.0 Medium 

Bark n-Hexane 50 20 13 1000 Weak 
Ethyl acetate 93 7 3 236.1 Very strong 
Methanol 23 - - >1000 Weak 

Bruguiera cylindrica (L.) Blume Leave n-Hexane 80 30 3 241.2 Very strong 
Ethyl acetate 93 23 7 146.8 Very strong 

Methanol 77 17 10 310.3 Strong 
Wood n-Hexane 57 - - >1000 Weak 

Ethyl acetate 53 33 27 865.2 Weak 
Methanol 93 - - 752.6 Weak 

Bark n-Hexane 100 53 33 27.0 Very strong 
Ethyl acetate 90 67 40 22.9 Very strong 
Methanol 43 10 - 782.5 Weak 

Ceriops tagal (Perr.) C.B.Rob. Leave n-Hexane 30 20 - 884.0 Weak 

Ethyl acetate - - - >1000 Weak 
Methanol 3 3 - >1000 Weak 

Wood n-Hexane 77 7 - 464.1 Strong 
Ethyl acetate 10 - - >1000 Weak 
Methanol 43 - - >1000 Weak 

Bark n-Hexane 27 - - >1000 Weak 
Ethyl acetate 60 3 - 694.9 Medium 
Methanol 7 - - >1000 Weak 

Rhizophora apiculata Blume Leave n-Hexane 43 40 10 >1000 Weak 
Ethyl acetate 23 17 - >1000 Weak 
Methanol 93 23 10 135.0 Very strong 

Wood n-Hexane 27 7 - >1000 Weak 
Ethyl acetate 57 30 20 590.4 Medium 
Methanol 80 23 20 196.6 Very strong 

Bark n-Hexane 7 - - >1000 Weak 
Ethyl acetate - - - >1000 Weak 
Methanol 10 - - >1000 Weak 

Rhizophora mucronata Poir. Leave n-Hexane - - - >1000 Weak 

Ethyl acetate - - - >1000 Weak 

Methanol 40 - - >1000 Weak 

Wood n-Hexane 50 13 - 656.6 Strong 

Ethyl acetate 67 37 - 397.4 Strong 

Methanol 47 - - >1000 Weak 

Bark n-Hexane 27 - - >1000 Weak 

Ethyl acetate 23 17 - >1000 Weak 

Methanol 43 30 - 614.3 Medium 

 

 
 

Discussion 

Yield percentage calculation aims to determine the 

number of samples required for extraction to obtain a 
desirable amount of extract. Yield is also determined to 

identify the secondary metabolites from the solvent (Zhang 

et al. 2018). The extraction method becomes one of the 

factors that will affect the extract yield (Patel et al. 2019). 

The extraction process with the solvent containing cold 

method (maceration and percolation) and hot method 

(reflux, soxhletation, infuse, decoy, and digestion). The 

extraction method in this study was a maceration method, 

which was performed by soaking the samples with solvent 

through stirring at room temperature. The maceration 
method was selected as the extraction process because one 

of the cold extraction methods prevents the heat 

metabolites from degradation. Extraction was performed 

using three solvents, such as hexane, ethyl-acetate, and 

methanol. n-Hexane is a non-polar solvent that can dissolve 

the non-polar compounds (Sepahpour et al. 2018). 

Moreover, ethyl acetate is a semi-polar solvent that can 
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dissolve the semi-polar compounds in the cell wall, while 

methanol is a polar solvent that could dissolve polar 

compounds such as phenols.  

This study calculated the yield to identify the simplicial 

amount required to gain the desired amount of extract. 

Solvent selection is an important part of the extraction 

process. The yield results showed that methanol had the 

highest yield value due to its polar characteristics, which 

can easily dissolve the samples compared to other solvents. 

In addition to solvent selection, extract yield could also be 
affected by several factors, including the extraction method 

(Alara et al. 2021). Leaf, bark, and wood extractions from 

B. parviflora and B. cylindrica mangrove plants were 

performed using the serial maceration method through 

sample soaking in three solvent types: hexane, ethyl 

acetate, and methanol. During the maceration, the cell wall 

and cell membrane will break because pressure difference 

between the outside and inside cell. The secondary 

metabolites were released in the cytoplasm and dissolved in 

the solvent. The maceration method has advantages, 

namely the active substances contained in the extract are 
undamaged as the maceration process is carried out without 

heating or with the cold method (Li et al. 2019) 

The phytochemical test in this study aimed to identify 

the secondary metabolites produced by plants that function 

to defend the plants from unfavorable environmental 

conditions, such as temperature, climate, pests, and 

diseases (Sanchez and Demain 2011). Bruguiera 

gymnorrhiza is one of mangrove plants similar to B. 

parviflora and B. cylindrica, B. gymnorrhiza contains high 

secondary metabolite compounds, such as steroids, 

saponins, flavonoids, triterpenoids, tannins, and alkaloids 
(Sivaperumal et al. 2010). Based on the phytochemical 

results, the B. parviflora and B. cylindrica mangrove plants 

also had various secondary metabolites: alkaloids, steroids, 

saponins, tannins, phenols, and flavonoids which are 

beneficial for antioxidant and antibacterial compounds.  

An antioxidant assay using DPPH radical material on 

mangrove plant extract caused a color change from purple 

to yellow and clear, which was measured using a 

spectrophotometer at 517 nm wavelength. Free radicals are 

unstable and extremely reactive, even tending to react with 

other molecules. Radicals with high reactivity can start a 

chained reaction in one formation, which causes abnormal 
compounds and starts a chained reaction that can damage 

the important cells in the body (Badarinath et al. 2010). 

The antioxidant test results in mangrove plant extract 

samples showed a relatively good inhibition level in C. 

tagal methanolic extract with inhibition of 91.02%, close to 

vitamin C as a positive control at 94.51%. Based on this 

phytochemical, the C. tagal leaf methanolic extract 

contained polyphenols such as tannins. Tannins are 

secondary active metabolite compounds with several 

properties, such as astringent, anti-diarrhea, antibacterial, 

and antioxidant (Hagerman et al. 1998). Tannins 
commonly obtained from the plant parts, such as wood, 

bark, and fruit, have complex biological roles, from protein 

deposition to metal binding. Therefore, these substances 

can also function as biological antioxidants (Das et al. 

2020). 

The antioxidant assay was performed using DPPH (1,1-

diphenyl-2 picrylhydrazil) at 517 nm wavelength. In this 

study, vitamin C has used a positive control, and 

comparative material as vitamin C is a natural antioxidant 

that relatively causes no toxicity level (Kedare et al. 2011). 

The B. parviflora and B. cylindrica mangrove plants had 

antioxidant activity based on their activity. Furthermore, 

based on the performed phytochemical test, the B. 

parviflora and B. cylindrica mangrove plants contained 

secondary metabolite compounds, such as tannins, flavonoids, 
and saponins. Tannins have several characteristics, such as 

astringent, anti-diarrhea, antibacterial, and antioxidant. 

Flavonoids have anti-inflammation, antibacterial, and 

antioxidant properties. 

Moreover, saponins show antioxidant and antibacterial 

effects (Kurniawan et al. 2015). In a previous study, a 

similar mangrove plant, namely R. mucronata, contained 

alkaloids, flavonoids, and tannins that functioned as an 

antioxidant that could prevent free radicals (Ridlo et al. 

2017). Tannins as antioxidants could act as an H atom 

donor to muffle the DPPH radical, which occurs as a tannin 
radical stabilizer due to resonance. Flavonoids directly 

capture a reactive oxygen species (ROS) and prevent ROS 

regeneration while indirectly increasing the enzymatic and 

cellular antioxidants. Preventing ROS formation by 

flavonoids is performed in several ways, such as inhibiting 

xanthine oxidase and nicotinamide adenine dinucleotide 

phosphate (NADPH) enzymes and preventing a redox 

reaction that can produce free radicals. Saponins can 

muffle superoxide through hydroperoxide intermediate, 

which prevents biomolecular damage due to free radicals 

(Liu et al. 2018)  
For the antibacterial activity of five mangrove extracts, 

40% ethanol was used as negative control and 

chloramphenicol as a positive control. That was because it 

is known for its broad-spectrum bacteriostatic 

characteristics, which remain active on Gram-negative and 

Gram-positive bacteria, besides inhibiting the attachment 

of amino acids to bacteria. This study used S. sobrinus as a 

test bacterium to identify plant species inhibiting oral 

bacteria. The S. sobrinus bacteria are gram-positive 

bacteria with a simpler cell wall, causing the compounds in 

the extract can easily damage the bacterial cell wall 

(Badarinth et al. 2010; Conrads et al. 2014). The gram-
positive bacteria cell wall comprises one layer, namely the 

relatively thick peptidoglycan layer (Briaud and Carrol 

2020).  

This study showed several samples could inhibit 

bacteria, namely C. tagal, B. parviflora, and B. cylindrica 

wood extracts. The highest inhibition sample was C. tagal 

leaf ethyl acetic extract at 47% with a concentration of 

2000 µg/mL, followed by C. tagal leaf methanolic extract 

at 43%. Based on the phytochemical extract content 

identification in C. tagal leaf, ethyl acetic extract has 

alkaloids and steroids. Alkaloids are organic compounds 
commonly found in nature and mostly in plants and 

contribute to many biological activities and some alkaloids 

also turn into active metabolites. Furthermore, alkaloids 

have health benefits, including nervous system 

improvement, blood pressure maintenance, and attacking 
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microbial infection (Debnath et al. 2018). Steroids are one 

of the important compounds in the health sector and are 

widely used in medicines, namely as antibacterial, anti-

inflammatory, and pain-relieving drugs (Cole et al. 2019). 

The mechanisms of the antibacterial compound in the 

extract using ethyl acetate were synergistic or supportive, 

which resulted in an additional effect as there were two or 

more active compounds (Li et al. 2019). This condition 

demonstrated the C. tagal leaf ethyl acetic extract condition 

that produced the highest inhibition level against S. 
sobrinus. The C. tagal bark methanolic extract could 

inhibit the S. sobrinus bacteria. However, the inhibitory 

activity was smaller than the inhibitory level produced by 

the C. tagal leaf ethyl acetate extract. This example with 

great cell reinforcement esteem should be explored further 

to confine the primary compound and for its potential as a 

characteristic elective medication because of its solid 

antimicrobial movement. It is accepted that this is the 

primary report on the compound substance and bioactivity 

of five mangrove species. 

Plant exploration with high mortality of A. salina larvae 
remains important in the search for natural ingredients for 

drugs, specifically anticancer drugs. Plant toxicity research 

is closely related to the concentration of ingredients. 

Alkaloids, terpenoids, polyphenols, flavonoids, and resins 

are some chemical plant compounds with anticancer 

properties (Khan et al. 2022). Toxic compounds in plants 

are typically used as a self-defense mechanism against the 

antimicrobial activity. According to Table 3, the higher the 

concentration value of the extract is directly proportional to 

the mortality in A. salina, implying that it may contain 

high-toxicity compounds. The extract is also directly 
proportional to its toxic properties. Artemia had died in the 

test tube that had been given the extract since the beginning 

of the observation. That demonstrates A. salina died due to 

the toxic properties of the extract induced in the test tube. 

Another study found that an extract had toxic activity while 

tested to observe whether it could cause 50% death at a 

concentration of less than 1000 µg/mL. 

The death of Artemia in a solution of medicinal plant 

extracts dissolved in methanol and ethyl acetate indicated 

the existence of polar and non-polar secondary metabolism. 

Polar secondary metabolites are flavonoids and alkaloids, 

while non-polar compounds are terpenoids and steroids. 
The presence of flavonoids in the cell environment causes 

the OH groups in flavonoids to bind to fixed proteins in the 

cell membrane. That prevents the active transport of Na+ to 

K+. Active transport, which no longer causes uncontrolled 

penetration of Na+ ions into cells, causes cell membrane 

damage, leading to cell death ( Green 2022). 

In conclusion, the leaf, bark, and wood extracts of 

several plants from the Rhizophoraceae family found in the 

mangrove and probosci's monkey conservation area of 

North Kalimantan, Indonesia have strong antimicrobial, 

toxicity, and antioxidant properties. These study findings 
will serve as the scientific foundation for further 

developing several plants with the potential to become 

medicinal plants. However, additional research is required 

to isolate potential plant compounds and test effective 

compounds using cells related to the studied organism. 
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