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Abstract 

Plants have various self-defence mechanisms to protect themselves from adverse environmental factors. This study aimed to 

investigate the antioxidant activity, total phenolics and phytochemical profile of mangrove roots as a defence mechanism 

against pollutants. The roots of Avicennia alba and Excoecaria agallocha species were collected from mangrove areas affected 

by industrial activities and conservation mangrove areas in South Sumatra, Indonesia. Maceration and extraction of all samples 

were carried out using ethanol as a solvent. Samples were tested for antioxidants against DPPH free radicals, total phenolics 

by the Folin-Ciocâlteu method, and phytochemical profile screening by GC-MS. Based on the results of the IC50 antioxidant 

of A. alba root extract, both regions were classified as very low (344.8 μg/mL and 1062.58 μg/mL) and E. agallocha root 

extract was classified as moderate (109.9 μg/mL and 116.9 μg/mL). The phenolic content of A. alba was 20.38 - 55.21 mg 

GAE/g and E. agallocha was 56.70 - 107.18 mg GAE/g. Based on the peaks that were found, the main groups of compounds 

were, terpenoids, esters, alcohols, fatty acids, aldehydes and steroids. Differences in the ability to produce antioxidant activity 

in each mangrove species indicate variations in self-defence against oxidative stress due to differences in morphology, habitat 

and environmental conditions. 

 

Rezumat 

Plantele au diverse mecanisme de autoapărare pentru a se proteja de factorii de mediu negativi. Acest studiu și-a propus să 

investigheze activitatea antioxidantă, prin determinarea conținutului total fenolic, și profilul fitochimic al rădăcinilor de 

mangrove ca mecanism de apărare împotriva poluanților. Rădăcinile speciilor Avicennia alba și Excoecaria agallocha au fost 

colectate din zonele de mangrove afectate de activități industriale și zone de conservare a mangrovelor din Sumatra de Sud, 

Indonezia. Macerarea și extracția tuturor probelor au fost efectuate folosind etanol ca solvent. Probele au fost testate pentru 

activitatea antioxidantă prin determinarea radicalilor liberi DPPH, a conținutului total fenolic prin metoda Folin-Ciocâlteu și 

screeningul profilului fitochimic prin GC-MS. Pe baza rezultatelor IC50 obținute pentru extractul de rădăcină de A. alba, ambele 

regiuni au fost clasificate ca foarte scăzute (344.8 μg/mL și 1062.58 μg/mL), iar extractul de rădăcină de E. agallocha a fost 

clasificat ca moderat (109.9 μg/mL și 116.9). μg/mL). Conținutul fenolic al A. alba a fost de 20.38 - 55.21 mg GAE/g și in 

cazul E. agallocha de 56.70 - 107.18 mg GAE/g. Pe baza picurilor găsite, principalele grupe de compuși identificate au fost: 

terpenoide, esteri, alcooli, acizi grași, aldehide și steroizi. Diferențele în activitatea antioxidantă a fiecărei specii de mangrove 

indică variații în autoapărarea împotriva stresului oxidativ din cauza diferențelor de morfologie, habitat și condiții de mediu. 
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Introduction 

The coast is a potential area because it provides 

optimal ecological services such as carbon sequestration, 

biodiversity, pollution reduction and habitat conservation 

[1-3]. Mangroves are a key ecosystem for coastal areas 

that can thrive in tropical and subtropical intertidal 

zones [4]. These plants at the land-sea interface 

ecologically provide food, breeding and nursery grounds 

for a wide range of terrestrial and marine organisms 

[5]. However, as the largest community in coastal 

areas, mangroves are more vulnerable to pollutants 

from anthropogenic activities, which can threaten their 

survival [6, 7]. The declining quality of mangrove 

forests is a serious threat to the ecosystems of various 

species of flora and fauna that affect the balance of 

mangrove and coastal ecosystems [8]. 

Anthropogenic activities have resulted in the degradation 

of nearly one billion hectares of land globally due to 

both agricultural and industrial activities [9]. Pollutants 

released by anthropogenic activities, such as heavy 

metals, nutrients, organic pollutants and microplastics, 
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can be harmful to the growth and development of 

plants and animals if the concentration exceeds the 

threshold [10]. These pollutants will be carried by 

river currents and experience a build-up until they 

can accumulate in the estuary area [11]. Pollutants 

that are initially present in the water column will 

settle to the bottom of the water and accumulate in 

aquatic biota [12]. The process of accumulating 

pollutants can cause stress for mangroves and cause 

an increase in reactive oxygen species (ROS) that 

trigger oxidative stress [13].  

Plants have specific self-defence mechanisms to detoxify 

ROS, which include antioxidant enzyme activity as 

well as non-enzymatic antioxidants. Increased enzymatic 

activity takes the form of the formation of superoxide 

radicals, hydrogen peroxide, hydroxyl radicals and 

singlet oxygen [6, 14]. Uncontrolled ROS can cause 

serious disruption to the normal metabolism of plant 

cells through oxidative damage to lipids, proteins 

and nucleic acids [15]. Plants also have the ability to 

produce non-enzymatic antioxidant activity as a form 

of self-defence mechanism in the form of increased 

activity of antioxidant compounds such as phenolics 

and flavonoid groups that function as pro-factors against 

various environmental stresses [16, 17]. 

Some information about how the activity of antioxidant 

enzymes changes in mangrove species when they are 

exposed to environmental stress has been obtained. 

However, most studies have not explored the role 

and contribution of non-enzymatic antioxidant activity 

in two types of species with different forms, habitats 

and regions at the same time. Therefore, these two 

species are good materials to clarify the self-defence 

mechanism in mangrove. In addition to having differences 

in terms of zoning or habitat, Avicennia alba and 

Excoecaria agallocha species also have different root 

systems. Roots are the part of the plant that is directly 

related to the accumulation process of moisture, nutrients 

and pollutants through sediment as a growth medium 

[18-20]. Plant roots release root exudates such as organic 

and inorganic compounds, which in turn increase or 

decrease the availability of contaminants in the root 

zone [21, 22]. In addition, mangrove ecosystems affected 

by industrial activities will be compared with conservation 

areas to comparatively look at changes in non-enzymatic 

antioxidant activity. 

 

Materials and Methods 

Root collection 

This research was conducted in August 2023. Root 

samples were Avicennia alba and Excoecaria agallocha 

species taken from industrial and conservation areas 

on the East Coast of Banyuasin, South Sumatra. The 

first area was chosen with consideration of industrial 

activities along the Musi River that empties into the 

Payung Island mangrove forest, such as docks, aqua-

culture, oil exploitation and oil processing that produce 

pollutants [23, 24]. Reported pollutants are nutrients, 

heavy metals, organic pollutants and microplastics 

[25, 26]. The comparison area is the Barong River 

area and also includes the Sembilang National Park 

conservation area, which represents an area away from 

industrial activities [27, 28]. 

Identification, preparation, maceration, deconstruction 

and antioxidant activity tests on samples were carried 

out at the Marine Bioecology Laboratory and Marine 

Instrumentation Oceanography Laboratory, Faculty 

of Mathematics and Natural Sciences, Sriwijaya 

University, Indonesia. 

Plant maceration and extraction 

The mangrove roots of A. alba and E. agallocha 

from two areas, each 200 g (dry weight), that had 

been mashed and macerated with ethanol solvent as 

much as 1 L (1:5 b/v) for 2 x 24 h. According to [29, 

30], polar ethanol solvents is more effective to extract 

secondary metabolites. The result of maceration in 

the form of a solution is then filtered using Whatman 

40 filter paper. The macerate is evaporated at a water 

bath temperature of 60°C until the solvent evaporates 

completely to produce a paste-like formation (crude 

extract) of mangrove roots. The crude extract was 

then stored at room temperature. 

Antioxidant activity evaluated by DPPH assay 

Antioxidant activity analysis using ethanol solvent 

refers to making a 0.1 μM DPPH solution as much as 

50 mL. The parent solution of ascorbate (2000 ppm) 

was prepared by homogenizing 10 mL of the solution. 

A series of dilutions was then made to obtain 

concentrations of 1000 ppm, 500 ppm, 250 ppm, 125 

ppm and 62.5 ppm. In each concentration, 1 mL of a 

0.1 μM DPPH solution was added, homogenised and 

incubated for 30 minutes in a dark place. Next, the 

absorbance was measured with a UV-Vis spectro-

photometer at a wavelength of 517 nm [31]. The 

antioxidant activity of the extract is expressed as 

IC50, which has characteristic criteria to determine 

the strength of its antioxidant content (Table I) using 

the following formula: 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝑏𝑙𝑎𝑛𝑘 𝑎𝑏𝑠−𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑏𝑠.

𝑏𝑙𝑎𝑛𝑘 𝑎𝑏𝑠
 x 100%. 

The results for the IC50 were entered into a linear 

regression equation, with the sample concentration 

as the abscissa (X-axis) and the percentage of anti-

oxidant inhibition as the ordinate (Y-axis) using the 

y = ax + b [32].  

The IC50 characteristic values are categorised based 

on concentration as follows: concentrations below 50 

μg/mL are considered “very strong”, between 50 - 

100 μg/mL as “strong”, between 100 - 150 μg/mL as 

“moderate” and between 150 - 200 μg/mL as “low”.  

Determination of phenol content 

Analysis of total phenol content in a sample was 

carried out by the Folin-Ciocâlteu method [33, 34].  

A 1000 ppm gallic acid standard solution was prepared 

(50 mL total), followed by serial dilutions to create 
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concentrations of 10 ppm, 20 ppm, 30 ppm, 40 ppm 

and 50 ppm, each in 5 mL volumes. From these, aliquots 

of 1 mL, 2 mL, 3 mL, 4 mL and 5 mL were pipetted 

into 10 mL volumetric flasks to create a 100 ppm gallic 

acid standard solution. Separately, 50 mg of the sample 

was weighed, mixed with 2 mL of methanol and 5 

mL of distilled water and homogenised in a 10 mL 

volumetric flask. 

 In the standard series of dilutions, 0.5 mL of 50% 

Folin-Ciocâlteu reagent was added, distilled water 

was added until the limit was reached for 5 minutes, 

and 5% Na2CO3 (1 mL) was added to incubate in a 

dark place without light for 1 hour. After incubation, 

the sample was measured using a UV-VIS spectro-

photometer with a wavelength of 750 nm. 

Gas chromatography-mass spectroscopy (GC-MS) 

analysis 

Analysis was conducted to determine the components 

of bioactive compounds contained in root extract. The 

spectrum graph of the analysis results was compared 

with the data bank in Wiley Library 7 [35, 36]. 

 

Results and Discussion 

Description of mangrove roots 

The mangrove species found in the field were Avicennia 

alba in the coastal zone and Excoecaria agallocha in 

the inland zone (Figure 1). In general, these two species 

have different root characteristics. 

 

 
Figure 1. 

Description of mangrove roots: (A-B) A. alba, (C-D) E. agallocha 

 

The genus Avicennia includes a type of pneumatophore 

root that arises vertically from the cord root, having 

aerenchyma that can amount to up to 70% of the root 

volume. Pneumatophores aid in the exchange of gases, 

especially oxygen and carbon dioxide, between the 

roots and the atmosphere [37, 38]. This can affect 

sediment oxygenation and redox. The roots are 

characterised by being dense, can penetrate deeper 

soil layers, and can help in binding and retaining 

surrounding sediments, resisting erosion and maintaining 

soil structure [39]. While E. agallocha has a type of 

lateral roots spreading and mixing with each other; 

the supraterranean band produces elbow-shaped pegs 

of pneumatophores [40].  

Species of A. alba and E. agallocha were found in the 

characteristics of clay substrate. Based on the results 

of research [41], clay substrate is strong at absorbing 

organic matter, so many groups of macrozoobenthos 

animals were found. Characteristics of mangrove 

substrates are often found in mud, loam and sandy 

[42, 43]. Mangrove substrates have some special 

characteristics that are different from sediments in 

ordinary land environments. This is due to the high-

water availability, changing salinity levels and tidal 

movements along the coastal zone [44, 45]. Accumulation 

of organic and inorganic material often occurs in the 

mangrove substrate to provide nutrients for growth 

and development [46, 47]. According to [48], organic 

material can come from fallen mangrove leaves and 

the decomposition of organisms in the environment. 

While inorganic materials such as heavy metals can 

come from anthropogenic activities around mangrove 

ecosystems, they tend to stay in the sediment for a 

long time [49]. Plant roots have a colloidal surface 

and can attract and retain heavy metal ions from 

sediment solutions through the process of adsorption 
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[50]. However, the presence of excessive roots will 

produce antioxidant enzyme and non-enzyme activities 

as a form of self-defence from environmental stress 

[51, 52]. 

Characterictics of mangrove roots extract 

The percentage of weight shrinkage of wet and dry 

leaf samples was 58% for A. alba roots and 30.8% 

of E. agallocha roots for industrial areas. While in 

the conservation area, the percentage of shrinkage of 

A. alba roots were 56% and E. agallocha roots were 

27%. These results show that the water content 

contained in the leaves of A. alba is higher than in 

the leaves of E. agallocha in both areas (Table I). 

Table I 

Depreciation percentage of weight 

Area Sample roots 
Sample weight (g) 

Depreciation percentage (%) Weight percentage (%) 
Wet Dry 

Industry  
A. alba 500 210 58 42 

E. agallocha 500 346 30.8 69.2 

Conservation 
A. alba 500 220 56 44 

E. agallocha 500 365 27 73 

 

Removal of moisture content in the sample can be 

done by drying until the moisture content is completely 

lost, because the content of the compounds contained 

in the sample will be better if the sample is in a dry 

condition. Moisture content can affect the stability of 

bioactive compounds during the extraction process. 

Some compounds may be more stable or less susceptible 

to chemical degradation or oxidation in the presence 

of water. Meanwhile, the extraction process for A. 

alba and E. agallocha root samples were carried out 

using ethanol solvent. The results show the weight 

of the extract produced by the leaves of A. alba and 

E. agallocha which is the highest in E. agallocha found 

in conservation areas at 1.96% (Table II). 

Table II 

Percentage of etanol extract 

Area Sample roots 
Extract weight (g) Depreciation 

percentage (%) 

Extract 

percentage (%) Dry powder Crude extract 

Industry  
A. alba 200 3.86 98.07 1.93 

E. agallocha 200 4.3 98.28 1.72 

Conservation 
A. alba 200 2.63 98.69 1.32 

E. agallocha 200 4.9 98.04 1.96 

 

Maceration and extraction are part of the process of 

testing bioactive compounds. The solvent used in the 

extraction process aims to separate the substance of 

bioactive compounds in mangrove root extract [53]. 

Ethanol is an amphipathic solvent that can dissolve 

compounds that are both polar and nonpolar [54]. 

Mangroves often contain various types of compounds 

with polar and nonpolar properties and ethanol can 

effectively take on a large number of diverse bioactive 

compounds [55, 56]. The highest extraction weight 

percentage results can indicate that the extraction 

method used is efficient in removing compounds from 

mangrove samples [57]. The high extraction yield 

may indicate that the sample is rich in compounds 

that are thought to have biological activity or other 

potential uses [58]. 

DPPH radical scavenging activity 

The results of antioxidant tests on two types of 

mangrove roots from two different areas using the 

DPPH radical reduction method using an ethanol solvent 

(Table III). The content of IC50 on mangrove root 

samples in industrial areas for A. alba amounting to 

344.8 μg/mL is classified as very low, and E. agallocha 

of 109.9 μg/mL is classified as moderate. While in 

the conservation area for A. alba amounting to 1062.58 

μg/mL is classified as very low, and E. agallocha of 

116.9 μg/mL is classified as moderate. 

Table III 

Classification of IC50 

Area Sample roots 
Linear regression IC50 (μg/mL)  Category  

a b R2   

Industry 
A. alba 15.551 40.868 0.9223 344.8 Very low 

E. agallocha 33.569 107.76 0.9791 109.9 Moderate 

Conservation 
A. alba 30.12 159.89 0.9878 1062.58 Very low 

E. agallocha 35.707 120.02 0.9628 116.9 Moderate 

 

Based on the IC50 classification results for A. alba in 

both areas is included in the very low. Previous research 

explains that the Avicennia genus is a mangrove 

found in the foremost zone and directly facing the 

waters [59]. Avicennia spp. has strong and dense 

aerial roots that are very effective in capturing and 
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holding mud and various pollutants that drift in the 

waters [37, 60]. As a plant species that is periodically 

submerged in water, the stilt roots owned by mangroves 

are able to take, absorb, or reduce contaminants through 

the dilution process [61, 62]. Therefore, it is suspected 

that the absorbed contaminants do not cause excessive 

oxidative stress on the roots and do not increase the 

production of secondary metabolites. Another study 

in the Island of Weno area, Chuuk State of Micronesia 

found that the antioxidant activity of Rhizophora 

stylosa roots amounted to 41.3% and Sonneratia alba 

40.7% [63]. While the IC50 value in E. agallocha 

species in both regions is included in the medium 

category. E. agallocha in this study was found in the 

inland zone. This zone is rarely submerged by sea 

water and is more often exposed to the influence of 

lower tides. This is thought to be the cause of the low 

water content in E. agallocha roots, as presented in 

Table II. The findings suggest that most of the anti-

oxidant enzymes in roots are synchronised to reduce 

stress efficiently [35]. The differences that occur in 

the ability to produce antioxidant enzyme and non-

enzyme activities in each mangrove as a form of self-

defence against oxidative stress are due to differences 

in terms of morphology, habitat, tides, sediment substrate 

and environmental conditions [57, 64, 65]. Various 

environmental conditions caused by pollutants can 

pose a serious threat to the health and sustainability 

of mangrove ecosystems. Some information on the 

impact of pollutants on plant biochemical processes 

is summarised in Table IV. 

Table IV 

Influence of pollutants on plant biochemical processes throughout in the world 

Location  Source of pollutant Impact Ref. 

Hinchinbrook Channel 

and Port Douglas 

Heavy metals, oil 

residues, herbicides 

and raw wastewater 

Photosynthesis, growth and biomass are reduced due to its influence 

and ultimately increase mortality. 
[67] 

The Can Gio Mangrove 

Forest (Southern Vietnam) 
Heavy metals 

Decrease in mangrove forest biomass. 

 
[68] 

The Fundão dam 

disruption in Brazil 
Heavy metals 

The occurrence of oxidative stress symptoms may be caused by the 

reduced efficiency of antioxidant defence by Cu2+ and Zn2+. 
[69] 

The Rabigh lagoon, Red 

Sea 

 

Heavy metals 

Sediment damage due to heavy metals in a gradual pattern has the 

potential to have negative impacts on biogeochemical cycles, with 

potentially lethal consequences for the survival of mangroves.  

[70] 

Industrial areas and a 

control area 
Heavy metals 

Increases hydrogen peroxide (H2O2) activity, malondialdehyde content 

and enzymatic and non-enzymatic antioxidant activity. However, it 

reduces total carbohydrates and protein, secondary metabolite content 

(phenols and flavonoids) and free radical scavenging activity (DPPH). 

[71] 

A systematic review  
Microplastics and 

nano-plastics  

Stronger inhibition of most physiological pigments, photosynthesis 

and biochemical indicators in plants.  
[72] 

A systematic review 
Polystyrene micro-

plastics (PS-MPs) 

PS-MPs damage leaf photosynthetic pathways and inhibit protein 

synthesis. SOD activity decreased and CAT decreased. 
[73] 

A systematic review 
Nano- and micro-

plastics (NMPs) 
Inhibits the growth of biomass and plant length in plant species.  [74] 

 

Phenol content of mangrove roots 

Phenol content of mangrove roots was measured by 

adding Folin-Ciocâlteu reagent to the sample solution 

tested (Table V).  

Table V 

Total phenolic content of the obtained mangrove 

root extracts 

Area Sample roots Phenol (mg GAE/g) 

Industry 
A. alba 55.21 

E. agallocha 107.18 

Conservation 
A. alba 20.38 

E. agallocha 56.70 

 

Phenol has antioxidant properties and can help protect 

plant tissues from damage caused by free radicals. 

Therefore, the total phenol test can provide information 

regarding the potential antioxidant activity of mangrove 

root extract. In this study, the highest quantitative 

phenol value was found in E. agallocha at 107.18 mg 

GAE/g from the industrial area and the smallest in A. 

alba at 20.38 mg GAE/g from the conservation area. 

The result of total phenol in this study was directly 

proportional of the antioxidant activity IC50 value in 

Table V. The ability of mangroves to have antioxidant 

activity is inseparable from their total phenol content. 

Total phenol content is directly proportional to the 

antioxidant activity of a material; the greater the total 

phenol value, the greater the antioxidant activity in a 

sample [29]. Based on the results of this study for A. 

alba has a low total phenol content compared to E. 

agallocha. This is strongly suspected due to the 

environmental factors that make the leading zone 

mangroves experience more environmental pressure 

from pollutants and physical and chemical habitat 

factors In line with previous research reporting total 

phenol in the roots of A. marina, which is in the 

coastal zone of 26.11 mg GAE/g is smaller than B. 

gymnorrizha amounting to 344.02 mg GAE/g is located 
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in the inland zone [75]. Mangrove ecosystems located 

in the leading zone tend to have special adaptations to 

survive in coastal environments that are often inundated 

by seawater due to tides [76]. Their ability to cope with 

the impact of pollutants by reducing their concentration 

and toxic effects through their water content so that 

the pollutants absorbed are not excessive [77]. Meanwhile, 

according to [78], nonenzymatic antioxidant activity 

cannot be generated exclusively because there is a 

certain threshold for excess free radicals. Instead, the 

nonenzymatic antioxidant system is usually regulated 

and activated when free radicals or oxidative stress 

exceed the capacity of the normal defence system [79]. 

GC-MS analysis of E. agallocha root extract 

The GC-MS analysis conducted using Excoecaria 

agallocha mangrove root samples from industrial areas 

is particularly significant due to its classification in 

the medium IC50 category, indicating moderate potency 

in biological activity inhibition. Notably, the IC50 

values for E. agallocha are higher compared to those 

obtained from Avicennia marina samples. This suggests 

that E. agallocha may possess a more favourable profile 

for extracting bioactive compounds, which is crucial 

for evaluating its potential applications in environmental 

remediation and pharmacological research. The graph 

obtained presented 30 peak area. The compounds 

detected were terpenoids, esters, alcohols, fatty acids, 

aldehydes and steroids The compounds identified based 

on the peak height of the chromatogram and mass 

spectrum on the chromatogram graph of the analysis 

results that have been matched are identical to the mass 

spectrum in the data base library: WILEY 7 (Table VI). 

Table VI 

Retention time, peak area, compound name, formula and compound group 

Ret. 

time 

Peak 

Area % 
Compound name Formula 

Compound 

group 

10.87 2.38 
Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1 -(1-methylethyl)-, (1S-

cis)- 
C15H24 Terpenoids 

12.31 3.73 Cubenol C15H26O Terpenoids 

14.64 0.93 Benzyl Benzoate C14H12O2 Ester 

17.75 1.02 
Bicyclo[9.3.1]-pentadeca-3,7-dien-12-o l, 4,8,12,15,15-pentamethyl-, [1R-

(1R*,3E,7E,11R*,12R*)]- 
C20H34O Terpenoids 

18.35 2.20 1-Heptatriacotanol C37H76O Alcohol 

18.40 2.20 
Naphthalene, decahydro-1,1,4a-trimethyl-6-methyle ne-5-(3-methyl-2,4-

pentadienyl)-, [4aS-(4aà,5à,8aá)]- 
C21H34 Terpenoids 

18.57 5.85 n-Hexadecanoic acid C16H32O2 Fatty acids 

18.93 0.57 
1H-Naphtho[2,1-b]-pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pen tamethyl-, 

[3R-(3à,4aá,6aà,10aá,10bà)]- 
C26H42O Terpenoids 

19.80 1.87 Kaur-16-ene C20H32 Terpenoids 

21.36 8.29 
Bicyclo[9.3.1]-pentadeca-3,7-dien-12-o l, 4,8,12,15,15-pentamethyl-, [1R-

(1R*,3E,7E,11R*,12R*)]- 
 

Terpenoids 

 

21.65 6.70 Thunbergol C20H34O Terpenoids 

21.73 1.84 9,12,15-Octadecatrienoic acid, (Z, Z, Z)- C18H30O2 Fatty acids 

22.05 6.35 Podocarp-7-en-3-one, 13á-methyl-13-vinyl- C20H30O Terpenoids 

23.09 0.71 Butyl 6,9,12,15-octadecatetraenoate C22H36O2 Ester 

23.36 7.16 
1H-Naphtho[2,1-b]-pyran-8(4aH)-one, 3-ethenyldecahydro-3,4a,7,7,10a-

pentamethyl- 
C21H34O2 Terpenoids 

23.81 2.65 Ethyl 5,8,11,14,17-icosapentaenoate C22H34O2 Ester 

23.94 1.97 1-Heptatriacotanol C37H76O Alcohol 

24.80 1.53 
9H-Naphtho[2,1-b]-pyran-9-one, 3-ethenyldodecahydro-7-(hydroxymeth yl)-

3,4a,7,10a-tetramethyl-, [3R-(3à, 4aá, 6aà, 7à, 10aá, 10bà)]- 
C22H34O3 Terpenoids 

25.54 4.11 i-Propyl 5,8,11,14,17-eicosapentaenoate C23H36O2 Ester 

26.29 0.81 Preg-4-en-3-one, 12,17-dihydroxy-20-nitrilo- C20H27NO3 Steroids 

27.41 0.89 4,8,13-Cyclotetradecatriene-1,3-diol, 1,5,9-trimethyl-12-(1-methylethyl)- C20H34O2 Terpenoids 

27.81 2.27 
2-[4-methyl-6-(2,6,6-trimethylcyclohex -1-enyl)-hexa-1,3,5-trienyl]cyclohex-1- 

en-1-carboxaldehyde 
C23H32O 

Aldehyde 

 

31.84 2.74 Dodecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester C27H52O5 Ester 

35.49 0.52 Stigmasterol C29H48O Steroids 

36.33 2.21 ç-Sitosterol C29H50O Steroids 

36.53 11.69 á-Amyrin C32H52O2 Terpenoids 

37.56 6.08 Lupeol C30H50O Terpenoids 

37.63 3.23 9,19-Cyclo-9á-lanostane-3á,25-diol C30H52O3 Terpenoids 

39.20 1.29 Lup-20(29)-en-3-ol, acetate, (3á)- C32H52O2 Terpenoids 

39.42 1.60 Octadecanoic acid, 2,3-bis[(1-oxotetradecyl)-oxy]-propyl C49H94O6 Ester 

 

The screening results of secondary metabolite compounds 

from mangrove root extracts using GC-MS can provide 

information on the chemical composition of the extracts 

and the potential bioactive compounds contained in 

the mangrove roots. Based on the results of GC-MS 

screening, the compounds detected were terpenoids, 
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esters, alcohols, fatty acids, aldehydes and steroids. 

These compounds have the potential to serve as plant 

defence mechanisms against environmental stress and 

pathogens. Secondary metabolites in plants are not 

only important sources of natural compounds, but they 

also play an important role in plant defence mechanisms 

against infections and other environmental hazards 

[79-81]. In line with the opinion of another researchers 

[83], plant defences are adaptations that reduce the 

damage and death caused by herbivores and pathogens. 

Additional plant compounds play a critical role in 

interactions with pathogens [83, 84]. Secondary 

metabolite compounds, such as phenolics, alkaloids 

and essential oils, play an important role in plant 

metabolism, namely compounds against herbivores, 

insect and pathogen defence, pigmentation, growth 

and development and germination regulation [85, 86]. 

Terpenoids, flavanols, flavonoids and others are some 

examples of phytochemicals that emerge in response 

to environmental stress, and they play a key role in 

regulating immune responses in plants [87, 88]. 

According to the provided data, terpenoid compounds 

appear very frequently in the mangrove root extract of 

E. agallocha. Terpenoid compounds have an important 

role as a self-defence mechanism for plants against 

environmental stress, which is influenced by surrounding 

industrial activities [89, 90]. Some terpenoid compounds 

have antioxidant, antibacterial and anti-inflammatory 

properties that can help protect plants from pathogenic 

infections that can damage roots and other tissues 

[91-93]. Several previous research studies also reported 

the benefits of terpenoid compounds, especially in 

mangroves. Terpenoids from the mangrove plant 

Xylocarpus moluccensis may have the potential to 

inhibit SARS-CoV-2: an in silico strategy [94]. Findings 

research of [95], in the detection that the roots of the 

Asian mangrove Rhizophora mucronata had activity 

against pro-inflammatory cyclooxygenase and lipoxidase. 

 

Conclusions 

In both industrial and conservation areas, A. alba 

roots showed very low antioxidant activity, while E. 

agallocha showed moderate antioxidant activity. 

The total phenol content in the roots of A. alba was 

lower than that of E. agallocha. GC-MS screening 

results contain various phytochemical compounds such 

as terpenoids, esters, alcohols, fatty acids, aldehydes 

and steroids. These compounds have the potential to 

act as antioxidant agents and able to assist protect 

mangrove plants from oxidative stress caused by 

pollutants. The differences in the ability to produce 

antioxidant activity between the two mangrove species 

indicate variations in the defence mechanisms against 

oxidative stress. This variation can be caused by 

differences in morphology, habitat and environmental 

conditions where the species grows. Further research 

on factors influencing antioxidant activity and phyto-

chemical composition in mangrove species could provide 

deeper insight into plant adaptation to polluted 

environments. 

 

Acknowledgement 

The research/publication of this article was funded 

by DIPA of Public Service Agency of Universitas 

Sriwijaya 2024. Nomor SP DIPA 023.17.2.677515/ 

2024, On November 24, 2023. In accordance with 

the Rector’s Degree Number: 0013/UN9/LP2M.PT/ 

2024, on May 20, 2024. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

References 

1. Passos T, Penny D, Barcellos R, Nandan SB, Babu 

DSS, Santos IR, Sanders CJ, Increasing carbon, 

nutrient and trace metal accumulation driven by 

development in a mangrove estuary in south Asia. 

Sci Total Environ., 2022; 832: 154900.  

2. Strain EMA, Kompas T, Boxshall A, Kelvin J, 

Swearer S, Morris RL, Assessing the coastal protection 

services of natural mangrove forests and artificial 

rock revetments. Ecosyst Serv., 2022; 55: 101429.  

3. Hilmi N, Benitez Carranco MB, Broussard D, Mathew 

M, Djoundourian S, Cassotta S, Safa A, Maliki S, 

Descroix-Comanducci F, Allemand D, Berthomieu 

C, Hall-Spencer JM, Ferrier-Pagès C, Tropical blue 

carbon: solutions and perspectives for valuations of 

carbon sequestration. Front Clim., 2023; 5: 1169663.  

4. Kathiresan K, Mangroves: Types and Importance.  

Mangroves Ecol Biodivers Manag., 2021: 1-31. 

5. Carugati L, Gatto B, Rastelli E, Lo Martire M, Coral 

C, Greco S, Danovaro RL, Impact of mangrove 

forests degradation on biodiversity and ecosystem 

functioning. Sci Reports., 2018; 8(1): 1-11. 

6. Liu S, Yang S, Liu H, Hu Q, Liu X, Wang J, Wang 

J, Xin W, Chen Q, Physiological and transcriptomic 

analysis of the mangrove species Kandelia obovata 

in response to flooding stress. Mar Pollut Bull., 

2023; 196: 115598.  

7. Fitria Y, Rozirwan, Fitrani M, Nugroho RY, Fauziyah, 

Putri WAE, Gastropods as bioindicators of heavy 

metal pollution in the Banyuasin estuary shrimp pond 

area, South Sumatra, Indonesia. Acta Ecol Sin., 2023. 

8. Cahyaningsih AP, Deanova AK, Pristiawati CM, 

Ulumuddin YI, Kusumawati L, Setyawan AD, Review: 

Causes and impacts of anthropogenic activities on 

mangrove deforestation and degradation in Indonesia. 

Int J Bonorowo Wetl., 2022; 12(1): 12-22.  

9. Abdel Rahman MAE, An overview of land 

degradation, desertification and sustainable land 

management using GIS and remote sensing 

applications. Rend Lincei., 2023; 34(3): 767-808.  

10. Vardhan KH, Kumar PS, Panda RC, A review on 

heavy metal pollution, toxicity and remedial measures: 

Current trends and future perspectives. J Mol Liq., 

2019; 290: 111197. 



FARMACIA, 2024, Vol. 72, 5 

 1223 

11. Kustamar, Wulandari LK, The Pollution Index and 

Carrying Capacity. Int J Geomate., 2020; 19(73): 

26-32.  

12. Pandiyan J, Mahboob S, Govindarajan M, Al-

Ghanim KA, Ahmed Z, Al-Mulhm N, Jagadheesan 

R, Krishnappa, Kaliyamoorthy, An assessment of 

level of heavy metals pollution in the water, sediment 

and aquatic organisms: A perspective of tackling 

environmental threats for food security. Saudi J Biol 

Sci., 2021; 28(2): 1218-1225.  

13. Sachdev S, Ansari SA, Ansari MI, Fujita M, 

Hasanuzzaman M, Abiotic stress and reactive 

oxygen species: Generation, signaling and defence 

mechanisms. Antioxidants, 2021; 10(2): 1-37. 

14. Eljebbawi A, del CRG, Dunand C, Estevez JM, 

Highlighting reactive oxygen species as multitaskers 

in root development. iScience, 2021; 24(1): 1-23. 

15. Mandal M, Sarkar M, Khan A, Biswas M, Masi A, 

Rakwal R, Agrawal GK, Srivastava A, Sarkar A, 

Reactive Oxygen Species (ROS) and Reactive Nitrogen 

Species (RNS) in plants- maintenance of structural 

individuality and functional blend. Adv Redox Res., 

2022; 5: 100039.  

16. Eswaraiah G, Peele KA, Krupanidhi S, Kumar RB, 

Venkateswarulu TC, Studies on phytochemical, 

antioxidant, antimicrobial analysis and separation of 

bioactive leads of leaf extract from the selected 

mangroves. J King Saud Univ Sci., 2020; 32(1): 842-

847.  

17. Sarker U, Oba S, Daramy MA, Nutrients, minerals, 

antioxidant pigments and phytochemicals, and anti-

oxidant capacity of the leaves of stem amaranth. Sci 

Reports., 2020; 10(1): 1-9. 

18. Khan WR, Aljahdali MO, Elemental Composition of 

Above and Belowground Mangrove Tissue and 

Sediment in Managed and Unmanaged Compartments 

of the Matang Mangrove Forest Reserve. Plants, 

2022; 11: 2916. 

19. Tan HW, Pang YL, Lim S, Chong WC, A state-of-

the-art of phytoremediation approach for sustainable 

management of heavy metals recovery. Environ 

Technol Innov., 2023; 30: 103043. 

20. Rozirwan, Khotimah NN, Putri WAE, Fauziyah, 

Aryawati R, Damiri N, Isnaini, Nugroho RY, 

Environmental risk assessment of Pb, Cu, Zn and Cd 

concentrations accumulated in selected mangrove 

roots and surrounding their sediment. Biodiversitas, 

2023; 24(12): 6733-6742.  

21. Lei X, Shen Y, Zhao J, Huang J, Wang H, Yu Y, 

Xiao C, Root exudates mediate the processes of soil 

organic carbon input and efflux. Plants, 2023; 12(3): 

1-12.  

22. Jiang, O, Li L, Duan G, Gustave W, Zhai W, Zou L, 

Root exudates increased arsenic mobility and altered 

microbial community in paddy soils.  J Environ Sci., 

2023; 127: 10-420. 

23. Rozirwan, Iskandar I, Hendri M, Apri R, Supardi S, 

Azhar N, Mardiansyah W, Distribution of phytoplankton 

diversity and abundance in Maspari island waters, 

South Sumatera, Indonesia. J Phys Conf Ser., 2019; 

1282(1): 012105. 

24. Rozirwan, Nugroho RY, Hendri M, Fauziyah, Putri 

WAE, Agussalim A, Phytochemical profile and toxicity 

of extracts from the leaf of Avicennia marina (Forssk.) 

Vierh. collected in mangrove areas affected by port 

activities. South African J Bot., 2022; 150: 903-919. 

25. Purwiyanto AIS, Suteja Y, Trisno, Ningrum T, Putri 

WAE, Rozirwan, Agustriani F, Fauziyah, Cordova 

MR, Koropitan AF, Concentration and adsorption of 

Pb and Cu in microplastics: Case study in aquatic 

environment. Mar Pollut Bull., 2020; 158: 111380. 

26. Rozirwan, Saputri AP, Nugroho RY, Khotimah NN, 

Putri WAE, Fauziyah, Purwiyanto AIS, An Assessment 

of Pb and Cu in Waters, Sediments and Mud Crabs 

(Scylla serrata) from Mangrove Ecosystem Near 

Tanjung Api-Api Port Area, South Sumatra, Indonesia. 

Sci Technol Indones., 2023; 8(4): 675-683. 

27. Rozirwan R, Fauziyah F, Nugroho RY, Melki M, 

Ulqodry TZ, Agustriani F, Ningsih EN, Putri WAE, 

Absori A, Iqbal M, An Ecological assessment of 

crab’s diversity among habitats of migratory birds at 

Berbak-Sembilang National Park Indonesia. Int J 

Conserv Sci., 2022; 13(3): 961-972. 

28. Rozirwan R, Muhtadi M, Ulqodry TZ, Nugroho RY, 

Khotimah NN, Fauziyah F, Putri WAE, Aryawati R, 

Mohamed CAR, Insecticidal activity and phytochemical 

profiles of Avicennia marina and Excoecaria agallocha 

leaves extracts. ILMU Kelaut Indones J Mar Sci., 

2023; 28(6): 148-160. 

29. Rozirwan R, Nanda, Nugroho RY, Diansyah G, 

Muhtadi, Fauziyah, Putri WAE, Agusalim A, 

Phytochemical composition, total phenolic content 

and antioxidant activity of Anadara granosa (Linnaeus, 

1758) collected from the east coast of South Sumatra, 

Indonesia. Baghdad Sci J., 2023: 1-8. 

30. Burlec AF, Corciova A, Vlase AM, Vlase L, Mircea 

C, Tuchiluș C, Furnica C, Sha’at F, Robu S, Cioanca 

O, Hancianu M, Phytochemical composition and in 

vitro biological properties of several Rudbeckia 

hirta and Tagetes erecta flower extracts. Farmacia, 

2022; 70(2): 241-247. 

31. Rozirwan R, Hananda H, Nugroho RY, Apri R, 

Khotimah NN, Fauziyah F, Putri WAE, Aryawati R, 

Antioxidant activity, total phenolic, phytochemical 

content and HPLC profile of selected mangrove species 

from Tanjung Api-Api Port Area, South Sumatra, 

Indonesia. Trop J Nat Prod Res., 2023; 7(7): 3482-

3489. 

32. Salusu HD, Ariani F, Obeth E, Rayment M, Budiarso 

E, Kusuma IW, Arung ET, Phytochemical screening 

and antioxidant activity of selekop (Lepisanthes amoena) 

fruit. Agrivita, 2017; 39(2): 214-218. 

33. Sopalun K, Laosripaiboon W, Wachirachaikarn A, 

Iamtham S, Biological potential and chemical 

composition of bioactive compounds from endophytic 

fungi associated with thai mangrove plants. South 

African J Bot., 2021; 141: 66-76. 

34. Kustiati U, Wihadmadyatami H, Kusindarta DL, 

Dataset of phytochemical and secondary metabolite 

profiling of holy basil leaf (Ocimum sanctum Linn) 

ethanolic extract using spectrophotometry, thin layer 

chromatography, Fourier transform infrared spectroscopy, 

and nuclear magnetic resonance. Data Br., 2022; 40. 

35. Hossain MD, Inafuku M, Iwasaki H, Taira N, Mostofa 

MG, Oku H, Differential enzymatic defense mechanisms 

in leaves and roots of two true mangrove species 

under long-term salt stress. Aquat Bot., 2017; 142: 

32-40. 



FARMACIA, 2024, Vol. 72, 5 

 1224 

36. Rahim AC, Abu Bakar MF, Pidada-Sonneratia 

caseolaris. Exot Fruits Ref Guid., 2018: 327-332. 

37. Hao H, Su W, Li QQ, Adaptive roots of mangrove 

Avicennia marina: structure and gene expressions 

analyses of pneumatophores. Sci Total Environ., 2021; 

757: 143994. 

38. Khotimah NN, Rozirwan R, Putri WAE, Fauziyah F, 

Aryawati R, Isnaini I, Nugroho RY, Bioaccumulation 

and ecological risk assessment of heavy metal 

contamination (Lead and Copper) build up in the 

roots of Avicennia alba and Excoecaria agallocha. J 

Ecol Eng., 2024; 25(5): 101-103.  

39. Baets SD, Denbigh, TDG, Smyth KM, Eldridge BM, 

Weldon L, Higgins B, Matyjaszkiewicz A, Meersmans 

J, Larson ER, Chenchiah IV, Liverpool TB, Quine 

TA, Grierson CS, Micro-scale interactions between 

Arabidopsis root hairs and soil particles influence 

soil erosion. Commun Biol., 2020; 3(1): 1-11. 

40. Mondal S, Ghosh D, Ramakrishna K, A complete 

profile on blind-your-eye mangrove Excoecaria agallocha 

L. (Euphorbiaceae): Ethnobotany, phytochemistry 

and pharmacological aspects. Pharmacogn Rev., 2016; 

10(20): 123-138.  

41. Rozirwan R, Az-Zahrah SAF, Khotimah NN, Nugroho 

RY, Putri WAE, Fauziyah F, Melki M, Agustriani F, 

Siregar YI, Ecological risk assessment of heavy metal 

(Pb, Cu) contamination in water, sediment and Polychaeta 

(Neoleanira Tetragona) from coastal areas affected 

by aquaculture, urban rivers and ports in South Sumatra. 

J Ecol Eng., 2024: 25(1): 303-319.  

42. Saputra A, Nugroho RY, Isnaini R, Rozirwan, A 

review: The potential of microalgae as a marine food 

alternative in Banyuasin Estuary, South Sumatra, 

Indonesia. Egypt J Aquat Biol Fish., 2021; 25(2): 

1053-1065. 

43. Rozirwan R, Imam B, Barus B, Nugroho R, Nur 

Khotimah N, First assessment of coral Mussidae in 

Kelagian Island waters, Lampung. 2023; 040008. 

44. Hilaluddin F, Yusoff FM, Natrah FMI, Lim PT, 

Disturbance of mangrove forests causes alterations 

in estuarine phytoplankton community structure in 

Malaysian Matang mangrove forests. Mar Environ 

Res., 2020; 158: 104935. 

45. Ahmed S, Sarker SK, Friess DA, Kamruzzaman M, 

Jacobs M, Islam MA, Alam MA, Suvo MJ, Sani 

MNH, Dey T, Naabeh CSS, Pretzsch H, Salinity 

reduces site quality and mangrove forest functions. 

From monitoring to understanding. Sci Total Environ., 

2022; 853: 158662. 

46. Ickowitz A, Lo MGY, Nurhasan M, Maulana AM, 

Brown BM, Quantifying the contribution of mangroves 

to local fish consumption in Indonesia: a cross-

sectional spatial analysis. Lancet Planet Heal., 2023; 

7(10): e819-e830. 

47. Rozirwan, Ramadani S, Putri WAE, Fauziyah, 

Khotimah NN, Nugroho RY, Evaluation of calcium 

and phosphorus content in scallop shells (Placuna 

placenta) and blood cockle shells (Anadara granosa) 

from Banyuasin Waters, South Sumatra. Egypt J 

Aquat Biol Fish., 2023; 27(3): 1053-1068. 

48. Muliawan RE, Prartono T, Bengen DG, Productivity 

and decomposition rate of Rhizophora mucronata 

and Avicennia alba litter based on environment 

characteristics in Muara Gembong. IOP Conf Ser 

Earth Environ Sci., 2020; 429(1): 012057. 

49. Briffa J, Sinagra E, Blundell R, Heavy metal pollution 

in the environment and their toxicological effects on 

humans. Heliyon, 2020; 6(9): e04691. 

50. Yu H, Li C, Yan J, Ma Y, Zhou X, Yu W, Kan H, 

Meng Q, Xie R, Dong P, A review on adsorption 

characteristics and influencing mechanism of heavy 

metals in farmland soil. RSC Adv., 2023; 13(6): 3505. 

51. Kasote DM, Katyare SS, Hegde MV, Bae H, 

Significance of antioxidant potential of plants and its 

relevance to therapeutic applications. Int J Biol Sci., 

2015; 11(8): 982. 

52. Moradbeygi H, Jamei R, Heidari R, Darvishzadeh R, 

Investigating the enzymatic and non-enzymatic anti-

oxidant defence by applying iron oxide nanoparticles 

in Dracocephalum moldavica L. plant under salinity 

stress. Sci Hortic (Amsterdam), 2020; 272: 109537. 

53. Mitra S, Naskar N, Chaudhuri P, A review on potential 

bioactive phytochemicals for novel therapeutic 

applications with special emphasis on mangrove 

species. Phytomed Plus., 2021; 1(4): 100107. 

54. Hikmawanti NPE, Fatmawati S, Asri AW, The 

effect of ethanol concentrations as the extraction 

solvent on antioxidant activity of Katuk (Sauropus 

androgynus L. Merr.) leaves extracts. IOP Conf Ser 

Earth Environ Sci., 2021; 755(1). 

55. Altemimi A, Lakhssassi N, Baharlouei A, Watson 

DG, Lightfoot DA, Phytochemicals: Extraction, 

Isolation and Identification of Bioactive Compounds 

from Plant Extracts. Plants, 2017; 6(4). 

56. Acquaviva A, Di Simone SC, Nilofar, Bouyahya A, 

Zengin G, Recinella L, Leone S, Brunetti L,  Uba AI,  

Guler O, Balos M, Cakilcioğlu U, Menghini L, 

Ferrante C, Orlando G, Libero ML, Screening for 

chemical characterization and pharmacological 

properties of different extracts from Nepeta italica. 

Plants, 2023; 12(15). 

57. Rozirwan, Nugroho RY, Hendri M, Fauziyah, Putri 

WAE, Agussalim A, Phytochemical profile and toxicity 

of extracts from the leaf of Avicennia marina (Forssk.) 

Vierh. collected in mangrove areas affected by port 

activities. South Afr J Bot., 2022; 150: 903-919.  

58. Audah KA, Ettin J, Darmadi J, Azizah NN, Anisa 

AS, Hermawan TDF, Tjampakasari CR, Heryanto 

R, Ismail IS, Batubara I, Indonesian Mangrove 

Sonneratia caseolaris Leaves Ethanol Extract Is a 

Potential Super Antioxidant and Anti Methicillin-

Resistant Staphylococcus aureus. Drug Molec., 2022; 

27(23): 8369. 

59. Sabdanawaty FP, Purnomo, Daryono BS, Species 

diversity and phenetic relationship among accessions 

of Api-api (Avicennia spp.) in Java based on 

morphological characters and ISSR markers. Biodiversitas, 

2021; 22(1): 193-198. 

60. Nath B, Birch G, Chaudhuri P, Assessment of 

sediment quality in Avicennia marina-dominated 

embayments of Sydney Estuary: The potential use of 

pneumatophores (aerial roots) as a bio-indicator of 

trace metal contamination. Sci Total Environ., 2014; 

472: 1010-1022. 

61. Wilda R, Hamdan AM, Rahmi R, A review: The use 

of mangrove for biomonitoring on aquatic environment. 

IOP Conf Ser Mater Sci Eng., 2020; 980(1). 



FARMACIA, 2024, Vol. 72, 5 

 1225 

62. Rozirwan R, Nugroho RY, Fauziyah F, Putri WAE, 

Melki M, Ulqodry TZ, Isnaini I, Absori A, Iskandar 

I, Mollusks diversity in the protected coastline of 

Berbak-Sembilang National Park Indonesia. Int J 

Conserv Sci., 2023; 14(4): 1627-1640. 

63. Suh SS, Hwang J, Park M, Park HS, Lee TK, Phenol 

content, antioxidant and tyrosinase inhibitory activity 

of mangrove plants in Micronesia. Asian Pac J Trop 

Med., 2014; 7(7): 531-535. 

64. Karahuseyin S, Yilmaz-Ozden T, Ozsoy N, Sari A, 

Phenolic compounds, antioxidant and antiinflammatory 

activities of Taraxacum gracilens dahlst. aerial parts. 

Farmacia, 2023; 71(3): 612-616. 

65. Bomfim MR, Santos JAG, Costa O, Vinhas V, 

Conceiçao JN, Da Silva AA, Souza CS, De Almeida 

MC, Morphology, physical and chemical characteristics 

of mangrove soil under riverine and marine influence: 

A case study on Subaé River Basin, Bahia, Brazil. 

Mangrove Ecosyst Ecol Funct., 2018; 11. 

66. Dewiyanti I, Darmawi D, Muchlisin ZA, Helmi TZ, 

Imelda I, Physical and chemical characteristics of 

soil in mangrove ecosystem based on differences 

habitat in Banda Aceh and Aceh Besar. IOP Conf 

Ser Earth Environ Sci., 2021; 674(1): 012092. 

67. Lovelock CE, Ball MC, Martin KC, Feller IC, 

Nutrient enrichment increases mortality of mangroves. 

PLoS One., 2009; 4(5): 4-7. 

68. Nguyen A, Richter O, Le BVQ, Phuong NTK, Dinh 

KC, Long-term heavy metal retention by mangroves 

and effect on its growth: A field inventory and scenario 

simulation. Int J Environ Res Publ Health., 2020; 

17(23): 1-24.  

69. D’Addazio V, Tognella MMP, Fernandes AA, Falqueto 

AR, da Rosa MB, Gontijo I, de Oliveira MA, Impact 

of metal accumulation on photosynthetic pigments, 

carbon assimilation and oxidative metabolism in 

mangroves affected by the Fundāo Dam Tailings 

Plume. Coasts, 2023; 3(2): 125-144. 

70. Aljahdali MO, Alhassan AB, Ecological risk assessment 

of heavy metal contamination in mangrove habitats, 

using biochemical markers and pollution indices: A 

case study of Avicennia marina L. in the Rabigh 

lagoon, Red Sea. Saudi J Biol Sci., 2020; 27(4): 

1174-1184.  

71. Mandal K, Dhal NK, Bioaccumulation of industrial 

heavy metals and interactive biochemical effects on 

two tropical medicinal plant species. Environ Sci 

Pollut Res., 2023; 30(15): 43860-43871. 

72. Wang C, Luo Q, Zhang J, Zhang X, Yang N, Feng 

L, Toxic effects of microplastics and nanoplastics on 

plants: A global meta-analysis. Environ Pollut., 2023; 

337: 122593.  

73. Liao YC, Jahitbek N, Li M, Wang XL, Jiang LJ, 

Effects of microplastics on the growth, physiology 

and biochemical characteristics of wheat (Triticum 

aestivum). Huan Jing Ke Xue, 2019; 40(10): 4661-

4667. 

74. Zantis LJ, Borchi C, Vijver MG, Peijnenburg W, Di 

Lonardo S, Bosker T, Nano- and microplastics 

commonly cause adverse impacts on plants at 

environmentally relevant levels: A systematic review. 

Sci Total Environ., 2023; 867: 161211. 

75. Misrah MF, Kansil T, Amin Z, Yusof A, Budiman 

C, Azli R, Mokhtar M, Evaluation of antioxidant 

activity and total phenolics of selected mangrove 

plants in Sabah. Borneo Int J Biotechnol., 2022; 

2(12): 14-21. 

76. Naidoo G, The mangroves of South Africa: An 

ecophysiological review. South Afr J Bot., 2016; 

107: 101-113.  

77. Xu M, Sun C, Zhan Y, Liu Y, Impact and prediction 

of pollutant on mangrove and carbon stocks: A 

machine learning study based on urban remote sensing 

data. Geosci Front., 2023; 7: 101665. 

78. Ighodaro OM, Akinloye OA, First line defence 

antioxidants-superoxide dismutase (SOD), catalase 

(CAT) and glutathione peroxidase (GPX): Their 

fundamental role in the entire antioxidant defence 

grid. Alexandria J Med., 2018; 54(4): 287-293. 

79. Jomova K, Raptova R, Alomar SY, Alwasel SH, 

Nepovimova E, Kuca K, Valko M, Reactive oxygen 

species, toxicity, oxidative stress and antioxidants: 

chronic diseases and aging. Arch Toxicol., 2023; 

97(10): 2499-2574. 

80. Lin ZB, Zhao YX, Yang WC, A balanced mechanism 

between plant growth and stress response. Adv 

Agrochem., 2023; 2(2): 105-116. 

81. Muhammad M, Basit A, Wahab A, Li WJ, Shah ST, 

Mohamed HI, Response mechanism of plant stresses 

to secondary metabolites production. Fungal Second 

Metab Synth Appl Agroecosys., 2024: 469-492. 

82. Wang Q, Zhou X, Jin Q, Zhu F, Effects of the 

aquatic pollutant sulfamethoxazole on the innate 

immunity and antioxidant capacity of the mud crab 

Scylla paramamosain. Chemosphere, 2024; 349: 140775. 

83. Endara MJ, Forrister DL, Coley PD, Ecology of 

Plant Anti-herbivore Defenses. Encycl Biodivers., 

2024: 52-62. 

84. Parween D, Sahu BB, Kumari M, Pudake RN, Plant 

Metabolites Involved in Plant–Pathogen Interactions. 

Plant Biot Interact State Art., 2019: 61-84. 

85. Aruna Kumara UM, Cooray PLVN, Ambanpola N, 

Thiruchchelvan N, Plant-pathogen interaction: 

Mechanisms and evolution. Trends Appl Microbiol 

Sustain Econ., 2022: 655-687. 

86. Korolyova N, Buechling A, Lieutier F, Yart A, Cudlín 

P, Turčáni M, Jakuš R, Primary and secondary host 

selection by Ips typographus depends on Norway 

spruce crown characteristics and phenolic-based defenses. 

Plant Sci., 2022; 321: 111319. 

87. Joshi N, Bhattarai K, Sinha S, Rawat B, Rai N, 

Anand J, Sundriyal M, Rawat JM, Production of 

secondary metabolites from medicinal plants through 

tissue culture. Second Metab Biother., 2024: 63-77.  

88. Anjali, Kumar S, Korra T, Thakur R, Arutselvan R, 

Kashyap AS, Nehela Y, Chaplygin V, Minkina T, 

Keswani C, Role of plant secondary metabolites in 

defence and transcriptional regulation in response to 

biotic stress. Plant Stress, 2023; 8: 100154. 

89. Li X, Ju X, Intracellulary driven chemical modifications 

of antimicrobial secondary metabolites: Potent mechanisms 

of self-resistance. Pharm Sci Adv., 2024; 2: 100032. 

90. Yu J, Yang HM, Lai YY, Wan XL, Wang ZY, The 

body fat distribution and fatty acid composition of 

muscles and adipose tissues in geese. Poult Sci., 2020; 

99(9): 4634-4641. 



FARMACIA, 2024, Vol. 72, 5 

 1226 

91. Nagegowda DA, Gupta P, Advances in biosynthesis, 

regulation, and metabolic engineering of plant specialised 

terpenoids. Plant Sci., 2020; 294: 110457. 

92. de Oliveira-Júnior RG, Alves Ferraz AC, Pontes 

MC, Cavalcante NB, da Cruz Araújo EC, de Oliveira 

AP, Picot L, Rolim LA, da Silva Almeida J, Roberto 

Guedes, Antibacterial activity of terpenoids isolated 

from Cnidoscolus quercifolius Pohl (Euphorbiaceae), 

a Brazilian medicinal plant from Caatinga biome. 

Eur J Integr Med., 2018; 24: 30-34.  

93. Sivaperumal P, Kamala K, Sangeetha VL, Ganapathy 

DM, Jeevan Kumar GJ, Antioxidant potential from 

true mangroves and their associated marine organisms. 

Mar Antioxidants Prep Synth Appl., 2023; 233-240. 

94. Lokhande KB, Kale A, Shahakar B, Shrivastava A, 

Nawani N, Swamy KV, Singh A, Pawar SV, Terpenoid 

phytocompounds from mangrove plant Xylocarpus 

moluccensis as possible inhibitors against SARS-

CoV-2: In silico strategy. Comput Biol Chem., 2023; 

106: 107912.  

95. Raola VK, Chakraborty K, Two rare antioxidative 

prenylated terpenoids from loop-root Asiatic mangrove 

Rhizophora mucronata (Family Rhizophoraceae) and 

their activity against pro-inflammatory cyclooxygenases 

and lipoxidase. Nat Prod Res., 2017; 31(4): 418-427.  

 

 


