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Abstract: Mangroves are the constituent plants of tropical and subtropical 

intertidal regions of forest communities, comprising a biotic and abiotic 

environment for ecosystem services. Biotic factors greatly affect the health of 

mangrove forests, the decline in health in mangrove ecosystems is caused by 

pests and diseases on the leaves. The presence of pests and diseases that attack 

mangrove plants resulted in failure in forest rehabilitation efforts. This review 

investigates the types of pests found on mangrove leaves and the utilization of 

bioactive compounds in mangrove leaves that can suppress disease 

development. Its impact on mangrove forest rehabilitation efforts was 

discussed in this review. The knowledge and application from this review 

provided a guide in maintaining and conserving mangrove forests in Indonesia 

as one of the solutions in adaptation and mitigation to climate change. 
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Introduction 

Mangroves are the constituent plants of tropical and 

subtropical intertidal forest communities. Among them 

are woody trees, shrubs, herbaceous plants, epiphytes 

and ferns (Kusmana et al., 2013). Indonesia has 43 

species of true mangroves consisting of several genera 

such as Aegiceras, Avicennia, Bruguiera, Ceriops, 

Excoecaria, Lumnitzera, Rhizophora, Sonneratia, 

Xylocarpus, etc., (Kusmana, 2014; Basyuni et al., 

2022). Based on the zone where they grow, mangroves 

have different growth mechanisms at hyper and low 

salinity concentrations. Parida and Jha (2010); 

Basyuni et al. (2012; 2014) showed that each mangrove 

species has a distinctive anatomical structure, namely 

salt glands on its leaves to secrete salt, for example, 

Avicennia marina. Other species are also able to 

ultrafiltrate the root cell membrane to secrete salt or 

accumulate salt in cells and tissues and then prevent 

damage to the efficient absorption of ions in vacuoles in the 

leaves, then translocated to the outside of the leaf, the cuticle, 

exemplified by Rhizophora stylosa. Transpiration and leaf 

turnover in releasing salt become more efficient. It is this 

ability that mangroves have to withstand fluctuating salinity 

conditions in tidal environments.  

The ecological function of mangroves in a biotic and 
abiotic environment is to provide habitat for birds, fish and 

invertebrates (Nguyen et al., 2021; Sumarga et al., 2024). 
Mangrove forests play an important role in coastal 
protection from hurricanes, sea level rise, flooding and 
erosion. In addition, mangrove ecosystems are also globally 
recognized as one of the most fragile ecosystems with 
enormous potential for species degradation (Duke et al., 

2020). Abiotic factors that affect the health of mangrove 
forests include hurricanes, lightning strikes, sea level drops, 
salinity and flooding. In addition, biotic factors that greatly 
affect the growth and development of mangroves are stress 
to opportunistic pests and diseases caused by pathogen 
attacks, especially on mangrove leaves (Van and Duke, 

2017). In addition, molecular works assisted in preventing 
pests and diseases in mangrove plants (Osorio et al., 2017; 
Karthi et al., 2020) and contributed to enhancing 
biodiversity and conservation (Basyuni et al., 2024) 

Damage to mangrove forests that occur due to forest 

conversion results in decreased forest function. The 

decline in the health of mangroves that have been 

exploited will result in increased attacks of pests and 

diseases in mangrove ecosystems because there are no 

longer any natural enemies controlling these attacks 

(Sibero et al., 2023). Pests and diseases that attack leaf 
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tissue in mangroves are very diverse. This is attributed 

mostly to mangrove leaves that are rich in nutrients 

because they obtain substances from the surrounding 

water and soil. Besides that, mangrove leaves also contain 

bioactive compounds that can be used to suppress the 

growth of pests and diseases on mangrove leaves. 

Research related to pests and diseases in mangrove 

ecosystems in Indonesia has not been widely studied, 

therefore it is very important to conduct a review to 

estimate the impact of pests and diseases in efforts to 

rehabilitate forests. This review examines the types of 

mangrove pests and bioactive compounds in mangrove 

leaves that can suppress diseases in mangrove 

ecosystems. The purpose of this review is to illustrate the 

impact of pests and diseases on mangrove leaves in the 

process of mangrove forest rehabilitation. 

Methods 

We conducted a search for data related to pests and 

diseases found on mangrove species. Papers were 

collected by one person to avoid bias in collecting 

information. A comprehensive review was conducted on 

the online scientific platforms and databases of Web of 

Science, Scopus and google scholar using predetermined 

keyword combinations of "mangrove pests", "mangrove 

diseases", "rehabilitation", "bioactive compound" 

"mangrove metabolism", "mangrove molecular" and 

then collected data regarding secondary metabolism, 

the impact of the presence of pests, damage caused by 

diseases. The authors assessed, evaluated and 

interpreted the selected articles. This perspective 

reflects the authors' opinions on the role of bioactive 

compounds of mangrove leaves in preventing the 

increase of pests and diseases in mangrove forests so 

that the health of mangrove ecosystems can be 

successfully rehabilitated.  

Mangrove Peast and Leaf Diseases 

Mangrove Forest Rehabilitation 

Mangrove forest rehabilitation or restoration is 
important in Indonesia, especially as the impacts of 

mangrove forest destruction become evident in the form 
of loss of productivity in coastal fisheries, livelihoods 
of coastal communities, as well as life-threatening 
natural disasters (Kusmana, 2017; Basyuni et al., 2022; 
Sasmito et al., 2023). Planting mangrove seeds in suitable 
habitats is a conservative mangrove ecosystem 

rehabilitation strategy and sustainable management 
efforts will result in healthy mangrove ecosystems. 

Distribution of Mangrove Pest Species 

Mangroves are ecosystems that are widespread 

throughout the coast to river areas that are influenced by 

tides. As an ecosystem that is used as a place to grow and 

live various types of flora and fauna (Srikanth et al., 2016) 

make mangroves an ecosystem with a high level of 

species diversity. Mangrove forests are inhabited by a 

variety of species from the open coast zone, mid-zone and 

landward zone. Each species can grow and live based on 

different salinity levels such as Rhizophora and Avicennia 

species that live in high salinity and can usually be found 

in the open coast zone to the riverbank.  

One of the insect pests in Indonesia is the Ophiuse 

melicerta borer. Most of the pests recorded affect the 

establishment stage and have threatened mangrove 

cultivation Table 1. Pests are generally found living 

attached to mangrove stems and leaves as well as on the 

substrate surface. In the study of Vazirizadeh et al., (2011) 

classified the fauna in mangrove ecosystems based on 

habitat are epifauna, infauna and tree fauna. Pest 

infestations are a major cause of unsuccessful mangrove 

rehabilitation, and these critical steps should be clearly 

documented when assessing the success or failure of an 

initial mangrove planting or replanting effort at a site or 

set of sites (Portillo et al., 2017). 
 
Table 1: Mangrove pest distribution in Indonesia 

Species Symptoms Pest Location Reference 

Rhizophora Black spots and wilting Oecphylla, Rambut Island, Kusmana and Rifana 
apiculata and on leaves Lepidoptera Seribu Island, Jakarta (2023) 
R. mucronata 
Lumnitzera littorea Holes in the centre of Lepidoptera: Banda Aceh, Aceh Putri Maulida and  
 leaves and white spots Acrolohidae  Agustuna (2022) 
Xylocarpus granatum Tepi daun berlubang  Apicoterminitie Pesisir Selatan, 
  and Portinuidae West Sumatera  Pramono et al. (2021) 
R. apiculata  Perforated leaf edges Polistes sp., West Kalimantan Utari et al. (2017) 
  Sexava sp., 
  Orgyia postica, 
  Dasychira inclusa 
R. apiculata Rolled leaves, brown Cassidula angulifera Banda Aceh, Aceh Putri Maulida and  
 dry patches, holes   Agustina (2022) 
 in leave 
Excoecaria Damage to leaf margins Ophiuse melicerta Belawan, North Gumilang (2018) 
agallocha to leaf veins  Sumatera 
Sonneratia White spots on leaves Lymantria galinatia Sungai Barito, Gumilang (2018) 
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Table 1: Countinue 

caseolaris   South Kalimantan 
Sonneratia alba Canopy loss death Nephopterix syntaractis Probolinggo, Gumilang (2018) 
 of brances and Hyblaea puera East Java 
A. alba White spots and holes Pagodiella spp. 
 On the lower surface Acanthopsyche spp. Kubu Raya, Haneda and Suheri 
 Of leaves  West kalimantan (2018) 
A. marina Sooty-mold Peocilips fallax Pangkep, South Gumilang (2018) 
  and mealybugs Sulawesi 

 

Under environmental conditions of pest and disease 

stress, mangrove leaves require specific morphological 

adaptations as a form of defense mechanism. These 

adaptations will produce glands on the leaves for salt 

secretion and pneumatophores (specialized roots) for 

aerobic soil respiration. Gilbert and Sousa (2002) explain 

that high salt concentrations on the leaves of Avicennia 

species can inhibit fungal growth and subsequent disease 

incidence. However, regular environmental stress can 

lead to mangrove disease and death. 

Mangrove plants are currently experiencing a decline 

in ecological quality, resulting in a decrease in the number 

of mangrove plants. Mangrove plant health is closely 

related to the condition of mangrove tree damage. The 

health of the mangrove forest is not only indicated by its 

density but also free from pests. Physical internal factors 

that we find are the presence of pests and diseases on 

mangrove leaves that can inhibit the growth process of 

mangroves. Morphological damage to the leaves caused 

by these pests varies greatly. Considering the ecological 

importance of mangroves and the high rate of damage to 

mangroves, it is ironic that very little research has 

considered the impact of disease on mangroves in 

Indonesia. This is even more so when one considers the 

substantial level of research conducted on mangroves and 

the efforts made to protect mangrove areas. Mangrove 

vegetation plays an important role in the balance of 

terrestrial ecosystems. The slightest fragmentation will 

certainly disrupt ecological processes (Lekito and Tambing, 

2018). Based on the zonation where they grow, each 

mangrove species has different characteristics and forms, 

both morphologically and physiologically, as well as the 

biochemical compounds produced. Nutrients contained in 

each tree tissue have significant differences in leaves, stems 

and fruits in the metabolic processes carried out. Both leaf-

feeding insects and stem borers have been found to damage 

mangrove trees and in some cases, this damage resulted in 

the death of affected trees (Osorio et al., 2017). 

Bioactive Compound of Mangrove Leaves 

Mangrove species have great opportunities in the 

development process for various fields. This is because 

mangroves have an extraordinary abundance of 

ecosystems. Bioactive compounds obtained from 

mangrove plants include polyphenols, flavonoids, 

alkaloids, carotenoids, tannins, saponins, steroids, amino 

acids, carbohydrates, proteins, vitamins, terpenes and 

glycosides (Dahibhate et al., 2019). Mangrove leaves, in 

particular, can produce various types of secondary 

metabolite compounds that have extraordinary benefits, 

especially as antibacterials, antioxidants and 

antipathogens and play a role in suppressing the growth 

of pests and diseases. These secondary metabolites have 

various mechanisms that can influence and target 

pathogen metabolic processes. Plants produce secondary 

metabolites as a form of self-defense and self-protection, 

for example, terpenoids, from safety checks that occur in 

their environment (Inafuku et al., 2018). These toxins 

come from bacteria, fungi, insects and even other 

pathogens. Mangroves can be categorized as plants whose 

ecosystems are rich in various organisms. In fact, 

inhibiting all other anatomical parts of mangroves can 

also produce various secondary metabolites such as 

leaves, roots, stems and aerial roots in mangroves. Most 

of these secondary metabolites are produced in the leaves 

and have been proven to be widely used for various 

health needs. Previous studies (Parthiban et al., 2022; 

Khalil et al., 2021; Mitra et al., 2021) proved that 

mangrove leaves can produce various bioactive 

components in the form of flavonoids, terpenoids, 

alkaloids, tannins and polysaccharides. Apart from that, 

mangroves can also produce various other chemical 

compounds such as lipids, carotenoids and amino acids. 

Alkaloid 

This compound is an organic compound that is also 

widespread and found in various types of higher plants. 

Alkaloid compounds in mangrove plants can be said to be 

quite abundant, especially in the leaves. These alkaloids 

are mostly found to be alkaline. Alkaloids contain one or 

more nitrogen atoms in cyclic form for the base part, while 

the general structure contains carbon, hydrogen, nitrogen 

and oxygen atoms (Uzor, 2020). The content of various 

elements in alkaloids causes its role to be very important 

in physiological and pharmacological effects. The types 

of alkaloids in each plant are of course different. 

Mangrove plants in Indonesia have been widely used to 

prevent pests and plant health. Research shows that the 

mangrove species Aegiceras corniculatum has one of its active 

components, an alkaloid, which is useful as an antibacterial, 

antioxidant and anti-inflammatory (Nugraha et al., 2023). 

The alkaloid compounds most commonly found are new 

types of alkaloid compounds in the form of 

penibenzophenones and the synthetic α,β-unsaturated 
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amide alkaloid (E)-tert-butyl (3-cinnamamidopropyl) 

carbamate, obtained from the isolation of mangrove plants 

in the mangrove forests of southern China, namely 

Bruguiera sexagula var. Rhynchopetala where the 

compound can show cytotoxic activity against human 

A549 with an IC50 value of 15.7 μg/mL and shows 

antibacterial properties against Staphylococcus aureus 

(Zheng et al., 2019). 

Phenol 

Phenolic compounds have a Hydroxyl group (-OH) 
attached to a benzene ring and are included in aromatic 
organic compounds. This phenol has variations in content 
in plants which are influenced by plant organs in the form 

of internal factors and nutrients in the form of external 
factors. Specifically, this phenol is synthesized via the 
shikimic acid pathway, which is located on the side of the 
chloroplasts in the leaves (Santos-Sánchez et al., 2019). 
In the S. caseolaris mangrove plant, phenol is found in the 
leaves, while in some mangroves it can be found in the 

roots and fruit (Dores et al., 2014). The role of phenol is 
mostly as a compound that exhibits antioxidant properties. 
When exposed to high temperatures, namely ultraviolet 
radiation, mangrove plants rely on phenolic compounds 
for protection, so there will be an increase in phenolic 
compounds if conditions occur that threaten their 

continued growth. Most of these phenolic compounds are 
included in the group of important antioxidant 
compounds. Types of natural antioxidant compounds are 
tocopherols, flavonoids and phenolic acids. In mangrove 
plants, this compound is used as a response to biotic 
stress. A. marina is also reported to contain phenolic 

compounds which are used as antibacterial agents for P. 
pseudomonas, where this pathogen has a bad effect on the 
survival of some plants (Yoswaty et al., 2023). 

Flavonoid 

Flavonoids are compounds whose benzene structure is 

substituted with OH groups, these compounds are the 
largest compounds found in nature and are also contained 
in roots, stems, leaves and flowers. Flavonoids generally 
function as antioxidants and have high bioactivity as 
drugs. In mangrove plants, some species such as R. 
aculata produce flavonoids that can play a role in 

bactericides to control A. hydrophila bacterial disease. 
However, most flavonoids act as antioxidants, because 
they have contents that are good acceptors of free radicals, 
such as hydrogen peroxide and superoxide (Izzati et al., 
2020). Its role as an antioxidant has several mechanisms, 
starting with slowing the formation of Reactive Oxygen 

(ROS), breaking down ROS and regulating or protecting 
with antioxidants (Arulkumar et al., 2020). Flavonoids 
can also be used as antibacterials, for example in A. 
marina species whose leaves can be used to suppress 
the growth of Vibrio parahaemolyticus bacteria in 
shrimp (Azis et al., 2022). In addition, flavonoids also 

play a role as antibacterials for gram-positive bacteria, 
this compound is found in the leaves of the mangrove 
plant B. cylindrical. 

Biological Activities of Mangrove Leaves 

Mangrove biological systems are special coastal 

territories known for their wealthy biodiversity and 

critical environmental parts. Among the different 

components of these biological systems, mangrove clears 

have earned logical intrigue due to their different organic 

and pharmacological properties (Eswaraiah et al., 2020). 

This study investigates the multifaceted benefits of 

mangroves, focusing on their potential applications. This 

segment focuses on the antibacterial, antioxidant and 

specific antibacterial activities that mangroves perform 

against pathogens, highlighting their potential applications 

in restorative and biotechnological areas. Mangrove takes 

off are stores of different bioactive compounds, including 

alkaloids, flavonoids, tannins, saponins, phenol, steroids 

and polyphenols. These compounds contribute to the 

leaves' striking antioxidant, antimicrobial and anti-

inflammatory exercises (Sumardi et al., 2018). Various 

studies have been conducted to utilize these bioactive 

compounds. Mangroves have been well-investigated for 

their antibacterial properties, as they have exceedingly 

bactericidal activities against a wide assortment of pathogens. 

Because of the abundance of auxiliary metabolites in these 

plants, antibacterial and antioxidant movements have been 

observed in vitro (Kalasuba et al., 2023). Table 2 shows the 

bioactive roles of mangrove leaves, derived from mangrove 

species such as S. alba (Wijaya et al., 2023), S. caseolaris L. 

(Siswanto Syamsul et al., 2022), A. ilicifolius (Saptiani et al., 

2021) and A. marina (Sumardi et al., 2018; Rahman et al., 

2023), can be used as antibacterial and antioxidant 

agents. Other species of mangroves also produce 

compounds that can inhibit or kill pathogens that cause 

diseases in plants (Syafitri et al., 2017). 

Terpenoid 

Terpenoids are secondary metabolites that have 
functions in physiological processes in plants as a class of 

hydrocarbons containing oxygen molecules that are built 
through biochemical modifications (Pandey et al., 2016). 
Mangroves are known to be rich sources of triterpenoid 
and phytosterol compounds, these compounds can be 
utilized as anti-bacterial compounds. Basyuni (2016) 
explained that terpenoid compounds in mangrove plants 

have the potential to be used as medicine properties and anti-
salt stress components (Basyuni et al., 2012; Inafuku et al., 
2018). Leaf extracts of Avicennia marina species can be used 
as natural antimicrobial compounds that can significantly 
inhibit the growth of microorganisms. The phytochemical 
content has many bioactive compounds-flavonoids, tannins 

and alkaloids-that may be responsible for the observed 
antimicrobial activity (Sarkar et al., 2023). 
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Table 2: Recent research on bioactive compounds of mangrove leaves  

Species Bioactive compounds Bioactivity found References. 

Sonneratia alba Tannins, phenols and steroids Antioxidant  Wijaya et al. (2023) 

S. caseolaris L. - Antioxidant Siswanto Syamsul et al. (2022) 

Achantus ilicifolius Phenol Antibacterial Saptiani et al. (2021) 

A. marina - Antibacterial against Sumardi et al. (2018); 

  Stenotrophomonas Rahman et al. (2023) 

  maltophilia 

A. marina - Antibacterial agents Ulmursida and Trianto 

  against Virgibacillus (2017) 

  marismortui and 

  Micrococcus luteus 

R. apiculata Flavonoids, alkaloid, tannins Bactericides to control Mulia et al. (2023) 

  A. hydrophila bacterial 

  disease 

Bruguiera  Saponin and tannin Antibacterial against Kholis et al. (2020) 

gymnorrhiza  Escherichia coli 

Ceriops tagal Antochyanin and phenolics Antibacterial and antifungal Kovvada et al. (2019) 

A. corniculatum Alkaloid, saponin, flavonoid, Antioxidant, anti- Nugraha et al. (2023) 

 triterpenoid, steroid, tannin inflammatory, 

 and quinone and antibacterial 

R. mucronata  - Antibacterial Againsts Baskaran and Mohan 

  Vibrio spp. (2012) 

A. alba Alkaloids, tannin, saponin, Anti-coagulants Sumardi et al. (2018); 

 flavonoids, sulfated  Rusyiana et al. (2021) 

 polysaccharide, terpenoid, 

 polyisoprenoid 

Antibacterial Flavonoids and tannins, Inhibited the growth Sumardi et al. (2018); 

B. gymnorrhiza saponins,  of A. salmonicida, A. Syawal et al. (2021) 

  alkaloids and steroids 

  hydrophila and E. ictaluri, 

A. ilicifolius Propanethiol, Antibacterial Sravya et al. (2023) 

  Trimethylphosphine, 

  Pentanoyl chloride, 

  Dimethylhydroxymet 

  hylphosphine and 

  Propanedinitrile, ethylidene 

  Anti-pathogenicity 

 

Antibacterial 

Mangroves display broad-spectrum antimicrobial 
action, successful against an assortment of pathogens, 
counting microscopic organisms, organisms and 
infections. The nearness of flavonoids and tannins is 
especially critical in repressing the development of 
destructive microorganisms, making mangroves clear out 
a potential source of characteristic antibacterial operators. 
Antibacterials can interfere with the growth or even kill 
bacteria by disrupting metabolism, thereby having a 
detrimental impact on bacterial cells. The mechanism of 
action of this antibacterial compound is by inhibiting cell 
wall synthesis, then inhibiting bacterial cell permeability 
and inhibiting protein and nucleic acids (Santoso et al., 
2015). This antibacterial property is often found in several 
plants that are classified as benefiting from secondary 
metabolite compounds. This can be produced when there 
is a threat to the environment of some plants. This 
characteristic is often found in mangrove plants, such as 
in the A. ilicifolius plant which contains phenol. Apart 

from that, there are many other types of mangroves that 
can produce these properties to suppress the growth of 
pests and diseases, which can be seen in Table 2. The 
Avicennia sp. mangrove is a mangrove species that has 
quite a lot of antibacterial content, because of the various 
bioactive ingredients in it. A study by Alhaddad et al., 
(2019) showed that leaf extract dissolved with n-
hexane, ethyl acetate and ethanol was proven to show 
a clear zone when tested on several species of 
microorganisms, making this species potentially used 
to control pathogenic bacteria. 

Antioxidant 

Antioxidants have the ability to scavenge free radicals, 

which cause many degenerative diseases. Mangroves can 

produce secondary metabolites based on their bioactivity 

and chemical structure such as antioxidants (Zhou et al., 

2018). Many mangrove species were identified as being 

rich in antioxidants. According to a previous study, the 

leaf extracts of the mangrove plant Phoenix paludosa 
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contain bioactive compounds and have been reported for 

cytotoxicity and antioxidant activity (Samarakoon et al., 

2016). The mangrove plant species namely: A. illicifolia, E. 

agallocha and R. apiculata contain bioactive molecules 

having anticancer and antioxidant activity (Miranti et al., 

2018). Young leaves will produce higher levels of antioxidants 

compared to old leaves, this is due to the different 

concentrations of antioxidants. Free radicals are detrimental 

and can cause various deadly effects on living things, therefore 

antioxidants play a role in reducing these effects. This 

circumstance is supported by the work of Hanin and Pratiwi 

(2017) which reported that the spore sample showed a 

flavonoid content of 2.32 mg/mL and antioxidant activity with 

an IC50 value of 23.25 ppm. Thus, the ethanolic extract of sea 

fern leaf spores showed the highest flavonoid content and 

could be categorized as a powerful antioxidant. In Table 2, it 

is shown that several species of mangroves produce powerful 

antioxidant properties. Some of these species are A. 

corniculatum, S. alba and S. caseolaris. Phenols and 

flavonoids are the bioactive compounds that contribute the 

most to this feature. Other research also showed the existence 

of antioxidant-based products from mangrove plants in the 

R. apiculata species which is the dominant species in the 

mangrove area of Indonesia (Miranti et al., 2018). 

Mangrove ecosystems are a type of forest with muddy 
and waterlogged growing conditions, making it difficult 
to reach all sides of the forest. The condition of the forest 
that is difficult to reach is a limiting factor in preserving 
the forest from various physical threats such as logging, 
exploitation of flora and fauna and handling damage 
caused by pests and diseases. Therefore, the government 
has implemented a rehabilitation program by restoring 
mangrove forests. Replanting seedlings and propagules at 
degraded locations is a conservative measure in 
rehabilitating mangrove forests (Amelia et al., 2023). Fig. 1 
demonstrates the conservative pathway that needs to be 
followed for forest rehabilitation to be sustainable. In 
addition, there needs to be monitoring and alternative 
solutions to answer the challenges of mangrove forest 
rehabilitation in the future (Sasmito et al., 2023), one of 
which is a study related to the use of mangrove leaf 
extracts that contain bioactive compounds and can be 
implemented to prevent the presence of pests and diseases 
in mangrove ecosystems. 
 

  
Fig. 1: Successful mangrove forest rehabilitation 

Concluding Remarks and Future Direction 

Currently, the successful rehabilitation of mangrove 

forests provides great benefits to coastal communities. 

The community can process and utilize the available 

natural resources so that the economic output can 

increase. Mangrove rehabilitation programs continue to 

be carried out with careful planning and implementation, 

taking into account ecological, social and economic 

aspects. The main priority in the mangrove rehabilitation 

program is inseparable from the government's efforts to 

restore the function of healthy forests and have high 

species diversity (Fauzi et al., 2022). 

Maintenance and monitoring are very important for 

mangrove seedlings that have been planted to grow and live 

for a long time and be able to withstand extreme 

environmental stress. The success of rehabilitated mangrove 

maintenance depends on the threat of existing disturbances, 

such as pests, diseases, pollution, livestock and others 

(Amelia et al., 2023). The threat of pests and diseases in 

mangroves is an important concern in the rehabilitation 

process. Pests found on mangrove trees will interfere with 

the growth process of mangroves ranging from seedlings 

to trees. The presence of pests and diseases on mangrove 

leaves causes physical damage such as perforated leaves, 

black and white spots and ticks attached to the surface of 

the leaves. Inhibition of the process of photosynthesis and 

respiration in the leaves affects the metabolic process of 

plant growth, the lack of nutrients in the place of growth 

is a major factor in increasing the attack of pests and 

diseases. A very large pest attack will bring disease so 

mass damage will occur in the mangrove ecosystem. 

Research related to the utilization of bioactive 

compounds in mangrove leaf extracts has been widely 

carried out, thus requiring adequate development in its 

management and application. Bioactive compounds of 

mangrove leaf extract can be used as a solution in 

suppressing the development of fungi that can invite the 

presence of pests and diseases in mangroves. The findings 

of our studies based on published papers confirmed that 

mangrove leaves contain bioactive compounds that can 

suppress the presence of pests and inhibit diseases on 

mangrove leaves, the results of extraction can be 

developed and mass-produced so that it can be used in the 

process of rehabilitation of mangrove ecosystems. 

Acknowledgment 

The authors would like to thank to Center of 

excellence for mangrove, Universitas Sumatera Utara for 

covering this study and APC.  

Funding Information 

This research is funded by the center of excellence for 

Mangrove grants from the ministry of education, culture, 



Andi Aznan Aznawi et al. / OnLine Journal of Biological Sciences 2024, 24 (4): 728.738 

DOI: 10.3844/ojbsci.2024.728.738 

 

734 

research and Technology to MB and Penelitian 

Kolaborasi Unggulan Universitas Sumatera Utara 

(PKUU) from Universitas Sumatera Utara to Center of 

Excellence for Mangrove 2023-2024 

(91/UN5.2.3.1/PPM/KPEP/2023) to MB. 

Author’s Contributions 

Andi Aznan Aznawi: Conceived and designed the 

analysis. Collected the data. Wrote the manuscript draft. 

Mohammad Basyuni: Design research on the impact 

of pests and diseases in mangrove forest rehabilitation, 

reviewed and finalized the manuscript. 

Diana Sofia Hanafiah: Design a secondary 

metabolism and active compounds in mangrove leaves. 

Siti Halimah Larekeng: Reviewed the drafting and 

final of the manuscript. 

Sari Puspitha Mulya Sari: Collected the data and 

compiled a paper. 

Ethics 

This article is original and contains unpublished 

material. The corresponding author confirms that all of the 

other authors have read and approved the manuscript and 

that no ethical issues are involved. 

Competing Interests 

The authors report no conflicts of interest regarding 

this study. 

References 

Alhaddad, Z. A., Tanod, W. A., & Wahyudi, D. (2019). 

Bioaktivitas Antibakteri Dari Ekstrak Daun Mangrove 

Avicennia sp. Jurnal Kelautan: Indonesian Journal of 

Marine Science and Technology, 12(1), 12–22. 

https://doi.org/10.21107/jk.v12i1.4752 

Amelia, R., Basyuni, M., Alfinsyahri, A., Sulistiyono, N., 

Slamet, B., Bimantara, Y., Harahap, S. S. H., 

Harahap, M., Harahap, I. M., Al Mustaniroh, S. S., 

Sasmito, S. D., & Arifanti, V. B. (2023). Evaluation 

of Plant Growth and Potential of Carbon Storage in 

the Restored Mangrove of an Abandoned Pond in 

Lubuk Kertang, North Sumatra, Indonesia. Forests, 

14(1), 158. 

https://doi.org/10.3390/f14010158 

Arulkumar, A., Kumar, K. S., & Paramasivam, S. (2020). 

Antibacterial and invitro antioxidant potential of 

Indian mangroves. Biocatalysis and Agricultural 

Biotechnology, 23, 101491. 

https://doi.org/10.1016/j.bcab.2019.101491 

Azis, Salim, G., Indarjo, A., Prakoso, L. Y., Hartati, R., 

Daengs GS, A., Meiryani, Aslan, L. O. M., 

Ransangan, J., & Rozi. (2022). Phytochemical and 

Antibacterial Effects of Leaf Extract from Mangrove 

Plant (Avicennia Marina) on Vibrio 

Parahaemolyticus in Shrimps. World’s Veterinary 

Journal, 12(3), 260–265. 

https://doi.org/10.54203/scil.2022.wvj32 

Baskaran, R., & Mohan, P. M. (2012). In vitro 

antibacterial activity of leaf extracts of Rhizophora 

mucronata L. against multi drug resistant Vibrio spp. 

isolated from marine water lobster’s larvae 

hatcheries. Indian Journal of Geo-Marine Sciences, 

41(3), 218–222. 

https://nopr.niscpr.res.in/handle/123456789/14168 

Basyuni, M. (2016). Keanekaragaman senyawa 

isoprenoid di hutan mangrove (1st Ed.). 

Keanekaragaman Senyawa Isoprenoid di Hutan 

Mangrove. 

https://doi.org/10.6084/m9.figshare.26196569 

Basyuni, M., Baba, S., Kinjo, Y., & Oku, H. (2012). 

Salinity increases the triterpenoid content of a salt 

secretor and a non-salt secretor mangrove. Aquatic 

Botany, 97(1), 17–23. 

https://doi.org/10.1016/j.aquabot.2011.10.005 

Basyuni, M., Putri, L. A. P., Nainggolan, B., & Sihaloho, P. 

E. (2014). Growth and Biomass in Response to Salinity 

and Subsequent Fresh Water in Mangrove Seedlings 

Avicennia marina and Rhizophora stylosa. Journal of 

Tropical Forest Management, 20(1), 17–25. 

https://doi.org/10.7226/jtfm.20.1.17 

Basyuni, M., Sasmito, S. D., Analuddin, K., Ulqodry, T. 

Z., Saragi-Sasmito, M. F., Eddy, S., & Milantara, N. 

(2022). Mangrove Biodiversity, Conservation and 

Roles for Livelihoods in Indonesia. In S. Chandra 

Das, Pullaiah, & E. C. Ashton (Eds.), Mangroves: 

Biodiversity, livelihoods and conservation (1st Ed., 

pp. 397–445). Springer, Singapore. 

https://doi.org/10.1007/978-981-19-0519-3_16 

Basyuni, M., Puspita, M., Rahmania, R., Albasri, H., 

Pratama, I., Purbani, D., Aznawi, A. A., Mubaraq, A., 

Al Mustaniroh, S. S., Menne, F., Rahmila, Y. I., 

Salmo III, S. G., Susilowati, A., Larekeng, S. H., 

Ardli, E., & Kajita, T. (2024). Current biodiversity 

status, distribution and prospects of seaweed in 

Indonesia: A systematic review. Heliyon, 10(10), 

e31073. 

https://doi.org/10.1016/j.heliyon.2024.e31073 

Dahibhate, N. L., Saddhe, A. A., Kumar, K. (2019). 

Mangrove plants as a source of bioactive compounds: 

A review. Natural Product Journal. 9(2), 86-97. 

https://doi.org/10.2174/22103155086661809101

25328 

https://doi.org/10.1016/j.bcab.2019.101491
https://doi.org/10.54203/scil.2022.wvj32
https://nopr.niscpr.res.in/handle/123456789/14168
https://doi.org/10.1016/j.aquabot.2011.10.005
https://doi.org/10.7226/jtfm.20.1.17
https://doi.org/10.1007/978-981-19-0519-3_16
https://doi.org/10.1016/j.heliyon.2024.e31073


Andi Aznan Aznawi et al. / OnLine Journal of Biological Sciences 2024, 24 (4): 728.738 

DOI: 10.3844/ojbsci.2024.728.738 

 

735 

Dores, R. G., Guimarães, S. F., Braga, T. V., Fonseca, M. 

C., Martins, P. M., & Ferreira, T. C. (2014). Phenolic 

compounds, flavonoids and antioxidant activity of 

leaves, flowers and roots of goat weed. Horticultura 

Brasileira, 32(4), 486–490. 

https://doi.org/10.1590/s0102-053620140000400019 

Duke, N., Mackenzie, J., Hutley, L., Staben, G., & 

Bourke, A. (2020). Assessing the Gulf of Carpentaria 

Mangrove Dieback 2017–2019 (Vol 2: Field 

Studies). James Cook University. 

https://doi.org/10.13140/RG.2.2.17030.70729 

Eswaraiah, G., Peele, K. A., Krupanidhi, S., Kumar, R. B., 

& Venkateswarulu, T. C. (2020). Studies on 

phytochemical, antioxidant, antimicrobial analysis 

and separation of bioactive leads of leaf extract from 

the selected mangroves. Journal of King Saud 

University-Science, 32(1), 842–847. 

https://doi.org/10.1016/j.jksus.2019.03.002 

Fauzi, A., Yulianda, F., Yulianto, G., Sulistiono, S., & 

Purnama, F. A. (2022). Strategi Rehabilitasi 

Ekosistem Mangrove Berdasarkan Analisis 

Kesesuaian Habitat Di Kawasan Pltu Banten 3, 

Lontar. Jurnal Teknologi Perikanan Dan Kelautan, 

13(1), 13–24. https://doi.org/10.24319/jtpk.13.13-24 

Gilbert, G. S., & Sousa, W. P. (2002). Host Specialization 

among Wood-Decay Polypore Fungi in a Caribbean 

Mangrove Forest. Biotropica, 34(3), 396–404. 

https://doi.org/10.1111/j.1744-7429.2002.tb00553.x 

Gumilang, R. S. (2018). Hama serangan massal pada 

mangrove. Kumparan. https://kumparan.com/ragil-

satriyo/hama-serangga-massal-pada-mangrove/1 

Haneda, N. F., & Suheri, M. (2018). hama mangrove di 

kecamatan batu ampar, kabupaten kubu raya, 

kalimantan barat mangrove pests at batu ampar, kubu 

raya, West Kalimantan. Journal of Tropical 

Silviculture, 9(1), 16–23. 

https://doi.org/10.29244/j-siltrop.9.1.16-23 

Hanin, N. N. F., & Pratiwi, R. (2017). Kandungan 

Fenolik, Flavonoid dan Aktivitas Antioksidan 

Ekstrak Daun Paku Laut (Acrostichum aureum L.) 

Fertil dan Steril di Kawasan Mangrove Kulon Progo, 

Yogyakarta. Journal of Tropical Biodiversity and 

Biotechnology, 2(2), 51. 

https://doi.org/10.22146/jtbb.29819 

Inafuku, M., Basyuni, M., & Oku, H. (2018). Triterpenoid 

modulates the salt tolerance of lanosterol synthase 

deficient Saccharomyces cerevisiae, GIL77. Saudi 

Journal of Biological Sciences, 25(1), 1–9. 

https://doi.org/10.1016/j.sjbs.2016.10.009 

Izzati, F., Rahmawati, S. I., Hapsari, Y., Rachman, F., & 

Simanjuntak, P. (2020). Antioxidant and cytotoxic 

activity of endophytic bacteria isolated from 

mangrove species. IOP Conference Series: Earth and 

Environmental Science, 439(1), 012051. 

https://doi.org/10.1088/1755-1315/439/1/012051 

Kalasuba, K., Miranti, M., Rahayuningsih, S. R., 

Safriansyah, W., Syamsuri, R. R. P., Farabi, K., 

Oktavia, D., Alhasnawi, A. N., & Doni, F. (2023). 

Red Mangrove (Rhizophora stylosa Griff.)—A 

Review of Its Botany, Phytochemistry, 

Pharmacological Activities and Prospects. Plants, 

12(11), 2196. 

https://doi.org/10.3390/plants12112196 

Karthi, S., Uthirarajan, K., Manohar, V., Venkatesan, M., 

Chinnaperumal, K., Vasantha-Srinivasan, P., & 

Krutmuang, P. (2020). Larvicidal Enzyme Inhibition 

and Repellent Activity of Red Mangrove Rhizophora 

mucronata (Lam.) Leaf Extracts and Their 

Biomolecules against Three Medically Challenging 

Arthropod Vectors. Molecules, 25(17), 3844. 

https://doi.org/10.3390/molecules25173844 

Khalil, A. M. A., Abdelaziz, A. M., Khaleil, M. M., & 

Hashem, A. H. (2021). Fungal endophytes from 

leaves of Avicennia marina growing in semi‐arid 

environment as a promising source for bioactive 

compounds. Letters in Applied Microbiology, 72(3), 

263–274. https://doi.org/10.1111/lam.13414 

Kholis, A. A., Batubara, R., Julkipli, Wijaya, E., 

Kurniawaty, E., & Batubara, I. (2020). Antibacterial 

Screening of Mangrove Extract Library Showed 

Potential Activity against Escherichia coli and 

Staphylococcus aureus. Journal of Tropical Life 

Science, 10(2), 105–111. 

https://doi.org/10.11594/jtls.10.02.03 

Kovvada, V. K., Gorrepati, R., Kakumanu, B., Nattala, T. S., 

& Butti, R. (2019). Seasonal and Geographical Variations 

in Antimicrobial Activity of Selected Mangroves from 

Krishna Estuary. International Journal of Current 

Research and Review, 11(06), 08–15. 

https://doi.org/10.31782/ijcrr.2019.0815 

Kusmana, C. (2014). Distribution and Current Status of 

Mangrove Forests in Indonesia. In I. Faridah-Hanum, 

A. Latiff, K. R. Hakeem, & M. Ozturk (Eds.), 

Mangrove ecosystems of Asia: Status, challenges and 

management strategies (1st Ed., pp. 37–60). Springer, 

New York, NY.  

https://doi.org/10.1007/978-1-4614-8582-7_3 

Kusmana, C. (2017). Lesson learned from mangrove 

rehabilitation program in indonesia. Jurnal 

Pengelolaan Sumberdaya Alam Dan Lingkungan 

(Journal of Natural Resources and Environmental 

Management), 7(1), 89–97. 

https://doi.org/10.29244/jpsl.7.1.89-97 

Kusmana, C., & Rifana, H. Z. (2023). Evaluasi 

Pertumbuhan Anakan Mangrove Hasil Restorasi di 

Suaka Margasatwa Pulau Rambut, Kepulauan Seribu. 

Journal of Tropical Silviculture, 14(02), 119–125. 

https://doi.org/10.29244/j-siltrop.14.02.119-125 

https://doi.org/10.1590/s0102-053620140000400019
https://doi.org/10.1016/j.jksus.2019.03.002
https://doi.org/10.24319/jtpk.13.13-24
https://doi.org/10.1111/j.1744-7429.2002.tb00553.x
https://kumparan.com/ragil-satriyo/hama-serangga-massal-pada-mangrove/1
https://kumparan.com/ragil-satriyo/hama-serangga-massal-pada-mangrove/1
https://doi.org/10.22146/jtbb.29819
https://doi.org/10.1016/j.sjbs.2016.10.009
https://doi.org/10.1088/1755-1315/439/1/012051
https://doi.org/10.3390/plants12112196
https://doi.org/10.3390/molecules25173844
https://doi.org/10.1111/lam.13414
https://doi.org/10.11594/jtls.10.02.03
https://doi.org/10.31782/ijcrr.2019.0815
https://doi.org/10.1007/978-1-4614-8582-7_3
https://doi.org/10.29244/jpsl.7.1.89-97
https://doi.org/10.29244/j-siltrop.14.02.119-125


Andi Aznan Aznawi et al. / OnLine Journal of Biological Sciences 2024, 24 (4): 728.738 

DOI: 10.3844/ojbsci.2024.728.738 

 

736 

Lekito, K., & Tambing, Y. (2018). Struktur vegetasi 
mangrove di pesisir sumuri, teluk bintuni, papua 
barat. Vogelkop: Jurnal Biologi, 1(2), 47. 
https://doi.org/10.30862/vogelkopjbio.v1i2.47 

Putri Maulida, A., & Agustina, E. (2022). Identifikasi 
kerusakan tanaman mangrove di wilayah pesisir 
pantai aceh pasca tsunami. Prosiding Seminar 
Nasional Biotik, 9(2), 226–233. 
https://doi.org/10.22373/pbio.v9i2.13395 

Mulia, D. S., Rahayu, S. D., Suyadi, A., Mujahid, I., 

Isnansetyo, A. (2023). Antibacterial activity of 
mangrove plant extract of Rhizophora apiculata in 
inhibiting the growth of various strains of Aeromonas 
hydrophila. Biodiversitas Journal of Biological 
Diversity, 24(9), 4803-4810. https://doi.org/ 
10.13057/biodiv/d240921 

Miranti, D. I., Ichiura, H., & Ohtani, Y. (2018). The 
Bioactive Compounds and Antioxidant Activity of 
Food Products of Rhizophora stylosa Fruit (Coffee 
and Tea Mangrove). International Journal of 
Forestry Research, 2018, 1–6. 
https://doi.org/10.1155/2018/2315329 

Mitra, S., Naskar, N., & Chaudhuri, P. (2021). A review 
on potential bioactive phytochemicals for novel 
therapeutic applications with special emphasis on 
mangrove species. Phytomedicine Plus, 1(4), 
100107. 
https://doi.org/10.1016/j.phyplu.2021.100107 

Nguyen, H. T., Giles, E., Le, T. V., Nguyen, H. Q., Le, D. 
H., Nguyen, T. V., & Bernard, D. (2021). Mangrove 
dieback and leaf diseases in Sonneratia apetala and 
Sonneratia caseolaris in Vietnam. Forest. 12, (1273): 
1-19. https://doi.org/10.3390/f12091273 

Nugraha, A. P., Sibero, M. T., Nugraha, A. P., 

Puspitaningrum, M. S., Rizqianti, Y., Rahmadhani, 

D., Kharisma, V. D., Ramadhani, N. F., Ridwan, R. 

D., Noor, T. N. E. binti T. A., & Ernawati, D. S. 

(2023). Anti-Periodontopathogenic Ability of 

Mangrove Leaves (Aegiceras corniculatum) Ethanol 

Extract: In silico and in vitro study. European 

Journal of Dentistry, 17(01), 046–056. 
https://doi.org/10.1055/s-0041-1741374 

Osorio, J. A., Crous, C. J., Wingfield, M. J., de Beer, Z. 
W., & Roux, J. (2017). An assessment of mangrove 

diseases and pests in South Africa. Forestry, 90(3), 
343–358. https://doi.org/10.1093/forestry/cpw063 

Pandey, A. K., Sonker, N., & Singh, P. (2016). Efficacy 

of Some Essential Oils Against Aspergillus flavus 

with Special Reference to Lippia alba Oil an Inhibitor 

of Fungal Proliferation and Aflatoxin B1 Production 

in Green Gram Seeds during Storage. Journal of 

Food Science, 81(4), M928–M934. 
https://doi.org/10.1111/1750-3841.13254 

Parida, A. K., & Jha, B. (2010). Salt tolerance 

mechanisms in mangroves: A review. Trees, 24(2), 

199–217. https://doi.org/10.1007/s00468-010-0417-x 

Parthiban, A., Sivasankar, R., Sachithanandam, V., Khan, 

S. A., Jayshree, A., Murugan, K., & Sridhar, R. 

(2022). An integrative review on bioactive 

compounds from Indian mangroves for future drug 

discovery. South African Journal of Botany, 149, 

899–915. https://doi.org/10.1016/j.sajb.2021.10.004 

Portillo, J. L., Lewis, R., Saenger, P., Rovai, A., Koedam, 

N., Guebas, F. D., Agraz, M., Monroy, V., R. (2017). 

Mangrove forest restoration and rehabilitation. 

Mangrove ecosystem: A global biogeographic 

perspective. https://doi.org/ 10.1007/978-3-319-

62206-4_10 

Rahman, S. A., Sangkia, F. D., & Larekeng, F. A. (2023). 

Using of Fermentation Liquid from Mangrove 

Leaves “Avicennia Marina” in Combination of 

Temperature on Seaweed “Kappaphycus Alvarezii” 

in Controlled Media. In 4th Borobudur International 

Symposium on Science and Technology 2022 (BIS-

STE 2022) (1st ed., pp. 875–885). Atlantis Press. 

https://doi.org/10.2991/978-94-6463-284-2_92 

Rusyiana, R., Lestarini, I. A., Hamdin, C. D., & Muliasari, 

H. (2021). Anticoagulant Activity of Mangrove 

(Avicennia alba) Leaves Extract in Vitro. ILMU 

KELAUTAN: Indonesian Journal of Marine 

Sciences, 26(2), 110–116. 

https://doi.org/10.14710/ik.ijms.26.2.110-116 

Samarakoon, S. R., Shanmuganathan, C., Ediriweera, M. 

K., Tennekoon, K. H., Piyathilaka, P., Thabrew, I., & 

Dilip de Silva, E. (2016). In vitro cytotoxic and 

antioxidant activity of leaf extracts of mangrove 

plant, Phoenix paludosa Roxb. Tropical Journal of 

Pharmaceutical Research, 15(1), 127–132. 

https://doi.org/10.4314/tjpr.v15i1.18 

Santos-Sánchez, N. F., Salas-Coronado, R., Hernández-

Carlos, B., & Villanueva-Cañongo, C. (2019). 

Shikimic acid pathway in biosynthesis of phenolic 

compounds. In Plant physiological aspects of 

phenolic compounds (1st Ed., Vol. 1, pp. 1–5). 

IntechOpen London, UK. 

https://doi.org/10.5772/intechopen.83815 

Santoso, V. P., Posangi, J., Awaloei, H., Bara, R. (2015). 

Uji efek antibakteri daun mangrove Rhizophora 

apiculata terhadap bakteri Pseudomonas aeruginosa 

dan Staphylococcus aureus. eBiomedik, 3(1), 399-

405. https://doi.org/10.35790/ebm.3.1.2015.7415 

Saptiani, G., Prayitno, S. B., & Anggarawati, S. (2021). 

Effect of mangrove leaf extract (Acanthus ilicifolius) 

on non-specific immune status and vibriosis 

resistance of black tiger shrimps (Penaeus monodon) 

challenged with Vibrio harveyi. Veterinary World, 

14(8), 2282–2289. 

https://doi.org/10.14202/vetworld.2021.2282-2289 

https://doi.org/10.30862/vogelkopjbio.v1i2.47
https://doi.org/10.22373/pbio.v9i2.13395
https://doi.org/10.1155/2018/2315329
https://doi.org/10.1016/j.phyplu.2021.100107
https://doi.org/10.1093/forestry/cpw063
https://doi.org/10.1111/1750-3841.13254
https://doi.org/10.1007/s00468-010-0417-x
https://doi.org/10.1016/j.sajb.2021.10.004
https://doi.org/10.2991/978-94-6463-284-2_92
https://doi.org/10.14710/ik.ijms.26.2.110-116
https://doi.org/10.4314/tjpr.v15i1.18
https://doi.org/10.5772/intechopen.83815
https://doi.org/10.14202/vetworld.2021.2282-2289


Andi Aznan Aznawi et al. / OnLine Journal of Biological Sciences 2024, 24 (4): 728.738 

DOI: 10.3844/ojbsci.2024.728.738 

 

737 

Sasmito, S. D., Basyuni, M., Kridalaksana, A., Saragi-

Sasmito, M. F., Lovelock, C. E., & Murdiyarso, D. 

(2023). Challenges and opportunities for achieving 

Sustainable Development Goals through restoration 

of Indonesia’s mangroves. Nature Ecology & 

Evolution, 7(1), 62–70. 

https://doi.org/10.1038/s41559-022-01926-5 

Sarkar, S., Chaudhuri, B. N., Guchhait, P., Das, S. (2023). 

Antibacterial and antifungal activities of Avicennia 

marina extract againt various multiple grug resistant 

microorganisms. Saudi journal of Biomedical 

Research. 8(5), 57-62. 

https://doi.org/10.36348/sjbr.2023.v08i05.002 

Sibero, M. T., Pribadi, R., & Setyati, W. A. (2023). Macro-

microscopic evidence of pest, diseases and coexistence 

of microplastics in Avicennia marina leaves from 

Mangunharjo Village, Tugu District, Semarang, Central 

Java, Indonesia. IOP Conference Series: Earth and 

Environmental Science, 1260(1), 012028. 

https://doi.org/10.1088/1755-1315/1260/1/012028 

Sravya, M. V. N., Simhachalam, G., Kumar, N. S. S., 

Govindarao, K., Sandeep, T. R., & Divya, D. (2023). 

Anti-pathogenicity of Acanthus ilicifolius leaf 

extracts against A. hydrophila infection in Labeo 

rohita fingerlings. AMB Express, 13(1), 86. 

https://doi.org/10.1186/s13568-023-01595-y 

Srikanth, S., Lum, S. K. Y., & Chen, Z. (2016). Mangrove 

root: adaptations and ecological importance. Trees, 30(2), 

451–465. https://doi.org/10.1007/s00468-015-1233-0 

Sumardi, S., Basyuni, M., & Wati, R. (2018). 

Antimicrobial activity of polyisoprenoids of sixteen 

mangrove species from North Sumatra, Indonesia. 

Biodiversitas Journal of Biological Diversity, 19(4), 

1243–1248. 

https://doi.org/10.13057/biodiv/d190409 

Sumarga, E., Rosleine, D., Hutajulu, G., Plaurint, R. T., 

Basyuni, M., Larekeng, S., Taqiyudin, M., Shohihah, 

N., & Ali, H. (2024). Quantification of ecosystem 

services from mangrove silvofishery. Global Journal 

of Environmental Science and Management, 10(3), 

1333–1344. https://doi.org/10.22034/gjesm.2024.03.23 

Syafitri, E., Prayitno, S. B., Radjasa, O. K., & Ma’ruf, W. F. 

(2017). The Performance of Mangrove Leaf Extract 

(Sonneratiaalba) in Combating Bacterial Associated with 

Ice–Ice Disease of Seaweed (Kappaphycusalvarezii). 

Advanced Science Letters, 23(7), 6413–6415. 

https://doi.org/10.1166/asl.2017.9639 

Siswanto Syamsul, E., Supomo, S., Jubaidah, S., Wijaya, 

H., Lestari, D., & Poddar, S. (2022). Antioxidant 

Activity Test of Red Pidada Leaves (Sonneratia 

caseolaris L.) using ABTS Method (2,2-azinobis-(3-

ethylbenzothiazolin)-6-sulfonicacid). Research 

Journal of Pharmacy and Technology, 15(9), 3957–

3961. https://doi.org/10.52711/0974-

360x.2022.00663 

Syawal, H., Siregar, A. R., Yuharmen, Y., & Effendi, I. 

(2021). Phytochemical analysis and inhibitory effect 

of Bruguiera gymnorrhiza leaf extract on Aeromonas 

salmonicida, Aeromonas hydrophila and 

Edwardsiella ictaluri. Aquaculture, Aquarium, 

Conservation & Legislation, 14(4), 1926–1933. 

https://doi.org/https://www.proquest.com/openview/

77b4d4da6edef0b6d72911c9f8721e2e/1?pq-

origsite=gscholar&cbl=2046424 

Ulmursida, A., & Trianto, A. (2017). Antibacterial 

activity of mangrove Avicennia marina leaves extract 

against Virgibacillus marismortui and Micrococcus 

luteus bacteria. AACL Bioflux, 10(2), 372–380. 

https://doi.org/http://eprints.undip.ac.id/64941/ 

Utari, V., Ekyastuti, W., & Oramahi, A., (2017). Condition 

of mangrove (Rhizophora apiculata BI) seeds attacked 

by pest insect at PUP PT. Bina ovivipari semestas of 

West Kalimantan. Jurnal Hutan Lestari 5(4): 999-1007. 

http://dx.doi.org/10.26418/jhl.v5i4.2292 

Uzor, P. F. (2020). Alkaloids from Plants with 

Antimalarial Activity: A Review of Recent Studies. 

Evidence-Based Complementary and Alternative 

Medicine, 2020, 1–17. 

https://doi.org/10.1155/2020/8749083 

Van, O. P., & Duke, N. (2017). Extreme Weather Likely 

behind Worst Recorded Mangrove Dieback in 

Northern Australia. The Conversation, 14, 1–6. 

https://doi.org/https://researchonline.jcu.edu.au/48922/ 

Vazirizadeh, A., Kamalifar., R., Safaheeh, A., 

Mohammadi, M., Khalifi, A., Namjoo, F., & Fakhri, 

A. (2011). Macrofauna Community Structure of 

Bardestan Mangrove Swamp. Persian Gulf. World 

Journal of Fish and Marine Sciences, 3(4), 323–331. 

https://doi.org/10.5555/20123365787 

Pramono, W., Indraddin, I., & Tanjung, F. (2021). 

Pengembangan Pariwisata Berwawasan Lingkungan 

di Nagari Sungai Pinang, Kecamatan Koto XI 

Tarusan, Kabupaten Pesisir Selatan. Jurnal Warta 

Pengabdian Andalas, 28(3), 295–304. 

https://doi.org/10.25077/jwa.28.3.295-304.2021 

Wijaya, M. D., Surya, P. R. A., Udiyani, D. P. C., & 

Indraningrat, A. A. G. (2023). Phytochemical and 

antioxidant activities of chloroform extract of 

Sonneratia alba leaves from Ngurah Rai Mangrove 

Forest, Bali - Indonesia. IOP Conference Series: 

Earth and Environmental Science, 1271(1), 012067. 

https://doi.org/10.1088/1755-1315/1271/1/012067 

Yoswaty, D., Nursyirwani, Mulyani, I., & Sibarani, M. P. 

J. (2023). Screening of bioactive compounds and 

antibacterial activity of avicennia marina leaf extract 

against pathogenic bacteria. BIO Web of 

Conferences, 74, 04006. 

https://doi.org/10.1051/bioconf/20237404006 

https://doi.org/10.1038/s41559-022-01926-5
https://doi.org/10.1186/s13568-023-01595-y
https://doi.org/10.1007/s00468-015-1233-0
https://doi.org/10.13057/biodiv/d190409
https://doi.org/10.22034/gjesm.2024.03.23
https://doi.org/10.1166/asl.2017.9639
https://doi.org/10.52711/0974-360x.2022.00663
https://doi.org/10.52711/0974-360x.2022.00663
https://doi.org/https:/www.proquest.com/openview/77b4d4da6edef0b6d72911c9f8721e2e/1?pq-origsite=gscholar&cbl=2046424
https://doi.org/https:/www.proquest.com/openview/77b4d4da6edef0b6d72911c9f8721e2e/1?pq-origsite=gscholar&cbl=2046424
https://doi.org/https:/www.proquest.com/openview/77b4d4da6edef0b6d72911c9f8721e2e/1?pq-origsite=gscholar&cbl=2046424
https://doi.org/http:/eprints.undip.ac.id/64941/
https://doi.org/10.1155/2020/8749083
https://doi.org/https:/researchonline.jcu.edu.au/48922/
https://doi.org/10.5555/20123365787
https://doi.org/10.25077/jwa.28.3.295-304.2021
https://doi.org/10.1088/1755-1315/1271/1/012067
https://doi.org/10.1051/bioconf/20237404006


Andi Aznan Aznawi et al. / OnLine Journal of Biological Sciences 2024, 24 (4): 728.738 

DOI: 10.3844/ojbsci.2024.728.738 

 

738 

Zheng, C.-J., Liao, H.-X., Mei, R.-Q., Huang, G.-L., 

Yang, L.-J., Zhou, X.-M., Shao, T.-M., Chen, G.-Y., 

& Wang, C.-Y. (2019). Two new benzophenones and 

one new natural amide alkaloid isolated from a 

mangrove-derived Fungus Penicillium citrinum. 

Natural Product Research, 33(8), 1127–1134. 

https://doi.org/10.1080/14786419.2018.1460832 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zhou, J., Diao, X., Wang, T., Chen, G., Lin, Q., Yang, X., 

& Xu, J. (2018). Phylogenetic diversity and 

antioxidant activities of culturable fungal endophytes 

associated with the mangrove species Rhizophora 

stylosa and R. mucronata in the South China Sea. 

Plos One, 13(6), e0197359. 

https://doi.org/10.1371/journal.pone.0197359 

https://doi.org/10.1080/14786419.2018.1460832
https://doi.org/10.1371/journal.pone.0197359

