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A B S T R A C T  
In this review article, the general importance of mangrove plants including the direct 
and indirect uses was presented. Attemptswere made to create awareness as well as 
emphasize the potentiality of mangrove plants especially for th
benefits. Specific emphasis was laid on the Rhizophora species.An updated report on 
the conventional extraction methods of the chemical constituents from this plant species 
is presented herein.Also, biological activities of the minor and m
extracted from Rhizophora plants are discussed. Furthermore, an updated report was 
made on the chemical groups present in Rhizophora plants with direct emphasis on the 
four commonly investigated species which are R. apiculata, R. mangle, R. 
mucronata,and R. stylosa. Structures of some extracted compounds obtained from 
Rhizophora plants are also illustrated. In effect, Rhizophora species have been 
presented here as a viable alternative source of many biological and chemically active 
compounds which are already known to be of great economic and pharmaceutical 
importance.Moreover, efforts were made to expose the potential of Rhizophora plants 
as possible sources of many yet unknown chemical compounds which could provide 
great beneficial activities. 

INTRODUCTION 

Rhizophora species are some highly beneficial representative of a broader group of plants known as 
mangroves. The term mangroves are generally used to describe woody plant and other forest communities 
which combine to form a marginal ecosystem. This group of plants are able to withstand harsh environmental 
factors due to their specially developed adaptive features such as their upright roots with buttresses, 
pneumatophore, as well as the vast distribution of salt-ejecting pores on their leaves among other f

. Possession of these features makes the mangroves able to survive under certain 
unfavourable conditions such as heavy tides, continuous inundation, high salinity, strong winds, high 
temperature, and so on whereas ordinary plants would not have survived (Nebula, M.,; Vannucci, M., 

Mangroves are vastly distributed across Asia including Indonesia, Pakistan, India, Bangladesh, Japan and 
Philippines. They are also largely found in East Africa, New Zealand as well as sout

Mangroves plants have been widely reported to possess compounds with high 
potential medicinal values, highly bioactive components as well as highly desirable agrochemical properties 

Sachin, R., K. Shahana and G. Rupali, 2014). Thus, mangrove plants can serve 
food and medicinal purposes with possibilities of using either the stems, flowers, roots, leaves or the fruits. The 
use of different parts of the mangrove plants is closely related to theirinherent nutrients (fats, vitamins, proteins, 
carbohydrates and minerals) which can be easily extracted from the plant parts (Hardoko, E.S.,
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plants can serve several purposes such as anti-cancer (Prabhu, V. and C. Guruvayoorappan, 2014), anti-
inflammatory (Hossain, H., et al., 2011), antimicrobial (Chandrasekaran, M., et al., 2009; Sachin, R., K. 
Shahana and G. Rupali, 2014; Sivaperumal, P., et al., 2010; Agoramoorthy, G., et al., 2007), antioxidants 
(Abdullah, A.R., et al., 2013; Wei, S.-D., et al., 2010). Other substances with great potential antifungal, 
antibacterial, and antiviral properties can also be gotten from mangrove plants, and they contain large 
percentage of disease-preventing phytochemical as they have been widely reported to be viable sources for 
flavonoids, saponins and alkaloids (Sachin, R., K. Shahana and G. Rupali, 2014). 

Generally, mangroves may be grouped under three main categories as true mangroves, mangrove minors 
and mangal mangroves. The true mangroves consists over 20 various families of trees and shrubs with about 80 
recognized species, with 50-60 species contributing a larger percentage to the overall population of the 
mangrove forests. These species are mainly found at the intertidal regions. Mangroves minor species are mainly 
identified as the less conspicuous components of the mangrove forest which seldom develop into a clear 
community. The mangal components are often classified as the plant species with high tolerance to salinity and 
most often located at some distance away from the mangroves, mainly seen seawards and landwards as 
transitional vegetation.In any case, mangal mangroves most often interact and identifies with the true mangroves 
(Bandaranayake, W.M., 2002). Collectively, the true mangroves, minor mangroves and the mangal mangroves 
all combine to produce an ecosystem with varying highly desirable environmental and economic features. Some 
of the very important properties of the mangrove are reported in literature (Bandaranayake, W.M., 2002). 

Basically, the various uses to which mangroves can be put may be categorised into either direct or indirect 
uses. Use of mangroves in an indirect manner could be in the aspect of important ecological uses ranging from 
coastland protection through well-orchestrated coastal erosion control, or prevention of coastal water pollution 
by naturally purifying the water through sediment stabilization. On the other hand, mangroves may be directly 
used for economic values in several capacities. There are host of economically beneficial species which are 
associated with the mangrove ecosystem, such as oysters, prawns, crabs, lobsters, shrimps and other fishes. Also 
as a tradition, there had usually been the wide use of mangroves as a source of firewood as well as production of 
charcoal, among other uses including tent construction, fabrication of boats, fishing gear, furniture and also for 
leather and dying tannins production. In short, aside the fact that mangroves serves as a source of food, they also 
offer a large range of products for the mangrove settlers. There is much contribution from the leaves of 
mangroves towards the overall nutrient value of the ecosystem. This owes to the presence of sufficient quantities 
of amino acids, vitamins and other minerals in mangrove leaves. These substances are essentially viable towards 
nourishment as well as growth of livestock and other organisms. Detrius formation could also be highly 
enhanced by the foliage from mangroves and this may be highly beneficial to estuarine as well as marine 
detritus dependent organisms. Furthermore, the high iodine and salt content of mangrove leaves offers highly 
desirable fodder (Bandaranayake, W.M., 2002). 

With respect to the very many potentialities of mangroves, researches are progressive on mangrove plants 
especially to study their chemical constituents. The underlying factors influencing the orchestrated research on 
mangrove plants ensues from the fact that mangroves belong to a group of tropical forests which can be easily 
generated. As stated, they can survive where other plants would not have survived. This is because they can 
withstand seemingly harsh environmental ranging from high moisture concentrations, low and high tides as well 
as in the presence of large population of insects and other living microorganisms (Nebula, M., et al., 2013; 
Vannucci, M., 2001). Morphology, physiognomy and also the photosynthetic route of glycophytes have also 
been observed to be greatly different from that of mangroves. This is because mangroves may be modified such 
that they can produce both salt and water economy. Moreover, there are certain modifications to some 
physiological processes of mangroves such as synthesis of polyphenols and metabolism of carbohydrates among 
others indicating that mangroves may contain several chemical compounds, which tends to shield them from 
these hazardous substances. Another factor which often influences research on the chemical constituents of 
mangrove plants is the fact that several of them had been reportedly used for folklore medicine. In fact, it have 
been observed recently that certain substances extracted from mangrove plants and their dependant species were 
active against a host of plant, animal as well as human pathogens (Sachin, R., K. Shahana and G. Rupali, 2014). 
However, investigations on the metabolites which are responsible for several of the bioactivities of mangrove 
plants are still an on-going research. 

One species of the mangrove plants which had been widely studied is the Rhizophora. This species have 
been observed to possess great medicinal activities and are native medicinal plants which are mostly found in 
southern and eastern Asia. There are about ten families of Rhizophora; R. apiculata, R. samoesis, R. harrisoni, 
R. mangle, R. mucronata, R. racemosa, R. selala, R. stylosa, R. lamarckii, R. annamalayana. Among these 
groups, the most common and widely investigated are R. apiculata, R. mangle, R. mucronata and R. Stylosa 
(Nebula, M., et al., 2013; Rahim, A.A., et al., 2008). The other six families are potential areas of study due to 
lack of substantial research and investigation on them at the moment. In Indonesia and some other Asian 
countries, Rhizophora have been reportedly used both as medicine and food (Rahim, A.A., et al., 2008). 
Different parts of the Rhizophora plant have been investigated and found to be active against various diseases. 
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R. apiculata is active as antiseptic, antiemetic, antidiarrheal, antihepatitis and also helps to stop typhoid and 
bleeding. It had also been thought to possess anti-HIV activity. Most of the curative activities of R. apiculataare 
associated with the presence of tannins in the species (Hardoko, E.S., et al., 2015; Rahim, A.A., et al., 2008). 
Tannins have also been reported to exist in R. mangle, but their pharmacological, chemical and biological 
activities are yet to be fully investigated. R. mangle have been specifically identified to possess great tolerance 
to high salinity and also morphological plasticity (Boizard, S.D. and S.J. Mitchell, 2011). Extracts from this 
species can be used as a promoter for quick injury healing as well as an antiseptic and it had also been 
investigated in control of diabetic (Alarcon-Aguilara, F., et al., 1998). Other disease which R. mangle could be 
active against includes malaria, dysentery, fungal infections, boils, diarrhea, elephantiasis, tuberculosis e,t,c 
(Hardoko, E.S., et al., 2015). R. mucronata commonly referred to as red mangrove had been reported to have 
folkloric healing properties against nausea, haemorrhages, angina and haematuria (Manilal, A., et al., 2015). 
Reports from different literature supports the fact that R. mucronatacould be active as antidiuretic, analgesic and 
cytotoxic (Howlader, M., et al., 2013), antiviral (Premanathan, M., et al., 1999), antidiarrheal (Puspitasar, Y., et 
al., 2012), antibacterial (Sahoo, G., et al., 2012), nematocidal (Tariq, M., et al., 2007), antioxidant, 
hepatoprotective (Ravikumar, S. and M. Gnanadesigan, 2012) and antidiabetic (Ramanathan, T., et al., 2008). 
The many bioactive properties exhibited by R. mucronatacould be accrued to the presence of different types of 
diterpenoids, steroids as well as triterpenoids in the species as reported in literature (Nebula, M., et al., 2013; 
Manilal, A., et al., 2015; Anjaneyulu, A.S. and V.L. Rao, 2001). However, it is worthy of note that the quantity 
and quality of chemical constituents as well as the biological activities which may be derived from Rhizophora, 
most often are closely related to their extraction methods. Based on the low research reports on some groups of 
the Rhizophora species, the possible improvement in extraction method in order to obtain maximum yield as 
well as the possibility of discovering new compounds from the Rhizophora plants, this paper presents a review 
on extraction methods, biological activities and chemical constituents of the four common species of the 
Rhizophora plant. 

 
Extraction Methods: 

So far, only two major extraction methods have been fully exploited for the extraction of the chemical 
constituents from the Rhizophora plants. In order to fully explore the beneficial features of Rhizophora extracts, 
new techniques could be sort which may be cost effective, environment friendly as well as time saving. 
Furthermore, techniques which could offer biological and chemically active compounds of great quality and 
quantity are still subjects for further research. In any case, the traditional methods which have been used up till 
the present moment for extraction of the active compounds from Rhizophora are soxhlet extraction and solvent 
extraction. 

 
1. Soxhlet Extraction: 

A Soxhlet extractor is a laboratory apparatus invented by Franz von Soxhlet in the year 1879. This Soxhlet 
extractor was discovered to extract water-insoluble substances such as lipid which is soluble in ether, 
chloroform, and other organic solvents. The lipid was then, extracted from a solid material. However, nowadays 
this method does not specifically concentrate on lipid substances alone but have also got wide application in 
extraction of desired compounds other than lipid from the solid sample. For this extraction, there is usually an 
initial treatment of the solid with solvent to enhance the solid-liquid extraction or leaching process. There is 
always the necessity of Soxhlet extraction process when the desired compound from a solid material is insoluble 
in solvent or it has low solubility in the solvent. In caseswhereby the desired compound is soluble in the solvent, 
ordinary filtration method may be executed to separate the desired compounds. The basic concept of 
conventional Soxhlet extractioninvolves the solid sample being placed in a thimble-holder and during extraction 
the condensed solvent will fill the distillation flask and thereby extract the desired compound continually. The 
major applications of Soxhlet extraction include food testing, biofuels and environmental analysis of soils, 
sludge, and wastes. Figure 1 illustrates the schematic diagram of conventional Soxhlet extraction apparatus. 
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Fig. 1: Soxhlet extraction apparatus (Source from Reeves RN (1994) Environmental Analysis. New York: John 

Wiley.) 
 

A Soxhlet extraction apparatus consists of round bottom flask, electrical heating source, water-cooled reflux 
condenser, a soxhlet extractor and thimble. The operation of Soxhlet extraction begins rise up of boiling solvent 
vapours through the larger side-arm in the schematic diagram in Figure 1. The condensed solvent vapours fall 
back into thimble and dissolves out the desired compound from the sample. When the smaller side-arm fills to 
overflowing, it initiates a siphoning action. The solvent containing the dissolved compound is siphoned into the 
distillation pot. The residual solvent then drains out of the porous container as fresh condensed solvent vapours 
continues to fall into the thimble. The process is repeated until the concentrated material is collected.  

The use of Soxhlet extraction in the plant extraction has already been demonstrated for a number ofstudies 
such as by on Origanumonites (Ozel, M.Z. and H. Kaymaz, 2004), clove buds (Guan, W., et al.,  2007) and 
ElephantopusScaber L. (Ahmad, A., et al., 2009). Specifically among the Rhizophora species plant extraction, 
few researchers have started to explore the Soxhlet extraction technique after the 20th century. Researches onR. 
apiculata bark and R.mucronataleaf being extracted by using Soxhlet extraction with non-polar solvents such as 
ethanol and pet-ether has been reported by (Vijayavel, K., et al., 2006; Abdul Khalil, H., et al., 2009; 
Yogananth, N., et al., 2015).  

 
2. Solvent Extraction: 

Solvent extraction may be defined as removal of active constituents from a solid or liquid material with a 
liquid material. Solid-liquid extraction otherwise known as leaching permits soluble active components to be 
withdrawn from solid by an intensive contact between solid and the liquid solvent. The insoluble materials that 
exist in the solvent can be separated by centrifugal forces, vacuum filtration or gravity after the mixing process, 
whereas the soluble material is extracted into the solvent. The applications of solid-liquid extraction includes 
leaching of sugar from sugar beets with hot water (El Belghiti, K. and E. Vorobiev, 2004; Loginova, K., et al., 
2011), leaching of soybean oil from flaked soybeans with hexane (Uhm, J.T. and W.B. Yoon, 2011), 
manufacture of vegetable oil with organic solvents such as hexane, acetone and ether by extraction of the oil 
from peanuts, soybeans, sunflowers seed, cotton seeds and Moringaoleifera seed (Brown, P.B. and S.D. Hart, 
2010; Abdulkarim, S., et al., 2005) leaching out aluminum, copper and manganese elements from tea leaves by 
water (Mehra, A. and C. Baker, 2007), leaching of gold from its ore by using ammoniacal thiosulfate solution 
(Grosse, A.C., et al., 2003) and recovery of  valuables metals from low grade nickeliferous oxide ores with 
dilute sulphuric acid (Xu, Y., et al., 2005). There are some factors needed to be considered when selecting a 
suitable solvent in solid-liquid extraction based on the understanding of interaction between the solvent and the 
solid material. Solvent may be varied based on different properties like hydrophobic, hydrophilic, polar and 
non-polar, consist of hydrogen bonding, dipole-dipole forces, van der Waals forces, acidic, neutral or base 
solutions. Therefore, maximum yield may be obtained from solid-liquid extraction by considering the best 
solvent with appropriate characteristics and interaction studies between solvent and solid material. The 
mechanism of solid-liquid extraction can be divided into two steps. The first step is known as contacting step 
where solid material is immersed into the solvent and leach out the desired components from solid while mixed 
in the solvent. The second step is separation step where the desired components will be isolated form the solvent 
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by centrifugation, evaporation and filtration (Camel, V., 2003). The elaborations of these two steps arefurther 
explained below: 

 
2.1  Contacting Step: 

The aim of this step is transferring the soluble constituents from the solid material into the liquid phase also 
known as solvent, by diffusion and dissolution through mass transfer. Basically, the solute or active constituents 
from the solid dissolves from the surface and then enter into the main body of the solvent by diffusion. This 
process leads to the formation of pores in the solid material where the pores act as new surface for subsequent 
solvent penetration. There are some factors which may result in reduced yield of products. First of all, the rate of 
mass transfer between solid material and solvent may slow down due to the pore resistance where the rate of 
diffusion of solid constituents out of pores into the bulk solution is slow. Next is the case whereby some part of 
the contained solid constituents is not in full contact with the solution. Sometimes the adsorption of the solute 
on the top layer of the solid is more than the solubility in the solvent. Therefore, these kinds of factors may 
affect the quantity of the yield. However, by increasing the rate of mass transfer the quantity of yield can be 
effectively improved. When the agitation speed increase in the mixture of solid and solvent the thickness of the 
solid boundary layer tend to decrease and thereby produces more yield. Besides that, temperature also plays its 
key role in the increasing of the rate of mass transfer. As temperature is raised, the solubility increases and 
diffusion between solid and liquid increase as well. The viscosity of the solvent becomes decreasedthus helping 
to decrease the film thickness, as well as hinder the pore resistance. Consequently, it will help at increasing the 
contacting surface area through reduction of the solid particles size, invariably increasing the exposed mass 
transfer area. Figure 2 illustrates the mechanism of contacting process between inert or solid material and 
solvent during solvent extraction.   

 
 
Fig. 2: Mechanism of contacting process during solvent extraction 

 
2.2 Separation Step: 

Separation step usually occurs after the diffusion process is completed in the solid-liquid extraction. The 
momentum transfer step may occur in this stage by settling or filtration. After the extraction, the insoluble solid 
particles arecontained in the solvent. Therefore, separation process is needed in order to separate the insoluble 
material from the extracted solvent. Mainly, centrifugal and gravity or sedimentation methods had been 
exploited by researchers in recovering mangrove solid material from the solvent. The insoluble particles will be 
sediment on the bottom of the container in the above mentioned methods. The insoluble particles may also 
separate viaa filtration process. The extracts containing solvent may further be analysed by Gas 
Chromatography-Mass Spectrometric (GC-MS) or High Performance Liquid Chromatography (HPLC). 

Most often, Rhizophora species are extracted by using solid-liquid extraction. The types of solvent used to 
extract the Rhizophora species may either be polar or non-polar solvents. The polar solvents such as ethyl 
acetate, acetone, methanol, ethanol and water have all been used for this purpose.Notable among these is the 
extraction of R. annamalayanaspecies bark (Elavarasi, A., et al., 2012), R.apiculatabark (Rahim, A.A., et al., 
2008), R.apiculata branch (Rukachaisirikul, V., et al., 2012),dried stem, twig, leaf and bark (Prabhu, V. and C. 
Guruvayoorappan, 2014), R. apiculata roots (Asha, K., et al., 2012), R. mangle bark (De-Faria, F.M., et al., 
2012; Melchor, G., et al., 2001; Sánchez, J., et al., 2006; Berenguer, B., et al., 2006; Perera, L.M.a.S., et al., 
2011; María, L., et al., 2010), R. mangle leaf (Zhang, L.-L., et al., 2010; Kandil, F., et al., 2004), R.mucronata 
leaf (Sachin, R., K. Shahana and G. Rupali, 2014; Manilal, A., et al., 2015; Puspitasar, Y., et al., 2012; Xu, J., et 
al., 2009), R. mucronata bark, collar, hypocotyl, stilt root (Ravikumar, S. and M. Gnanadesigan, 2012), 
R.mucronata root (Anjaneyulu, A.S. and V.L. Rao, 2001), R.stylosa stem (Takara, K., et al., 2008) and 
R.stylosainner tissue of fresh leaf (Zhang, P., et al., 2015). However other researchers used non-polar solvent 
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like dichloromethane, hexane, chloroform and petroleum ether to extract other parts from Rhizophora species as 
reported in literature (Loo, A., K. Jain, and I. Darah, 2007; Laphookhieo, S., et al., 2004; Li, D.-L., et al., 2007; 
Oku, H., et al., 2003).       

 
3.0 Biological Activities: 

Bioactive compounds presents in Rhizophora extracts are mainly responsible for enhancement of the 
biological activity of the species. The demand for Rhizophora species have recently increased because of the 
unique bioactive compounds they exhibit. In the last decades, Rhizophora were used as bush medicine to treat 
disease like diarrhoea, fever and inflammatory (Bandaranayake, W.M., 2002). As research progressed, it 
became imperative to identify, quantify and understand the bioactive compounds or chemical compounds 
present in the extracts of Rhizophora species in order to help the pharmaceutical industries discover new 
medicines. Recently, various studies onRhizophora species have been reported about bioactive compounds 
exerted in the species and the biological activities of the extracts.  
 
3.1  RhizophoraApiculata: 

Phenols or carbolic acid group plays an important role in scavenge free radical atom or molecules by the 
presence of the hydroxyl group in the phenols (Hatano, T., et al., 1990). These hydroxyl group present in 
phenols may contribute to theantioxidative action by attaching to the free radical atom and restraining the 
mutagenesis and carcinogenesis effects on humans (Duh, P.-D., et al., 1999). Generally, total phenolic content 
in  plants and herbs products, may becalculated based on the gallic acid and (±)-catechin as standards of the 
phenolic species (Jerez, M., et al., 2006). According to a certain report, (Loo, A., K. Jain, and I. Darah, 2007), 
pyroligneous acid otherwise known as wood vinegar from R.apiculata species contains high sources of 
polyphenolic groups with total phenolic content of approximately 5465 ± 367 mg (±)-catechin or 2919 ± 209 mg 
gallic acid equivalent/g of the sample. Besides that, another test for free radical scavenging activity is done by 
testing the reduction capacity of the 1,1-Diphenyl-2-picrylhydrazyl (DPPH). Strong antioxidative action shows 
low value of EC50 in a sample. As for pyroligneous acid reported low value of EC50 which is 0.1235 mg/ml was 
obtained, which proves that it has stronger radical scavenging activity effect. In addition, pyroligneous acid also 
undergo ferric reducing antioxidant assay to evaluate the reducing power. The ferric reducing ability may be 
related to the potency of the antioxidant activity (Meir, S., et al., 1995). Higher reducing power of ferric is 
directly proportional to higher absorbance where at higher concentration of pyroligneous acid shows the 
maximum value of absorbance at 593 nm which is 2.263. These results indicatethat pyroligneous acid of 
R.apiculataproduced highest amount of phenolic content, strong antioxidative and radical scavenging activities 
and reducing power. On the other hand, some researchers analysed for biological activity on the bark of 
R.apiculata. Bark of R.apiculata contains catechin which is under tannin group. As the concentration of the bark 
extract increases, the amount of tannins content which is catechin group may increase and lead to the increment 
in the reducing power. Therefore, these tannin (catechin) bioactive compounds may enhance theantioxidative 
properties, especially when the tannin analysed by DPPH and 2.2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid) (ABTS) assays for free radical scavenging activity test provides positive results. In short, bark of R. 
apiculatacontains tannin (catechin) bioactive compound for good antioxidant action and free radical scavenging 
activity as reported in literature (Rahim, A.A., et al., 2008). Furthermore, R.apiculata bark extracts exerts 
sulphated polysaccharides which is viable in scavenging the hydroxyl, peroxyl and superoxide radicals and 
stimulates both non-oxidative and oxidative glucose metabolism leading to increment in Adenosine triphosphate 
(ATP) synthase activity (Xue, C., et al., 1998). As a result, free radical scavenging activity may be enhanced by 
the combination of ATP and glucose where these combination might increase the performance of cellular 
metabolism (Vijayavel, K., et al., 2006; Rupérez, P., et al., 2002). According to (Abdul Khalil, H., et al., 2009), 
bark of R.apiculataalso contains phenolic group which may be active as an anti-termite. Some researches proved 
that the union of antioxidants and an organic biocide protect the Rhizophora species wood against termites and 
fungal decay (Schultz, T., et al., 2006). Branch of R.apiculatapossess weak antifungal activity against Candida 
albicans (ATCC ® 36801TM) and Cryptococcus neoformans (ATCC ® 90113™) (Rukachaisirikul, V., et al., 
2012). Studies on the whole plant of R.apiculata found that bioactive compounds such as 4-pyrrolidinyl but-2-
en-4-ol, butanoic acid, 5-Bromo-2-hydroxy-phenyl-1-phenyl-1H-pyrazol-4-yl ketone, 2-2-bromo-5H-indolo 2,3-
b quinoxalin-5-yl-1-2,4-dichlorophenyl ethan-1-one, and 3-bromophenyl 3,4-dimethylbenzene-1-sulfonate and 
thiazolidine-2,4-dione may enhance the anti-inflammation on ulcerative colitis or inflammatory bowel disease  
(Prabhu, V. and C. Guruvayoorappan, 2014). Parts such as dried stem, twig, leaf and bark of Rhizophora 
consists compounds such as lyoniresinol-3α-O-β-arabinopyranoside, lyoniresinol-3α-O-β-rhamnoside and 
afzelechin-3-rahmnoside from lignans and flavonol groups. Several studies reported that lignan and flavonol 
groups shows biological activities and it was revealed that these bioactive compounds showed remarkable 
antioxidant properties and excellent radical scavenging activity (Gao, M. and H. Xiao, 2012).     

 
3.2 Rhizophora Mangle: 
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Bark of R. mangle contains tannin compound especially those which are rich in condensed tannin.Some 
studies found that this condensed tannin possess medicinal properties at low concentration (de-Faria, F., et al., 
2009; Iwasaki, Y., et al., 2004). Crude extract from bark of R. mangle was used to analyse gastric ulcer by 
inducing ethanol to investigate the properties of antiulcer. The results obtained illustrated that ethanol-induced 
gastric ulcer showed positive response towards the antiulcer property (De-Faria, F.M., et al., 2012). Moreover, 
there are some other findings discovered by other researchers from the extract of R. mangle bark like 
polyphenolic bioactive compound which exhibits remarkable antibacterial activity and lead in the usage of 
wound recovering process (Melchor, G., et al., 2001), antioxidant, iron compound removing attributes, and 
hydroxyl radical scavengingactivity [45], act as antiseptic and open wound healing agents (Fernández, O., et al., 
2002), both antioxidant and cytoprotective characteristics support the gastric ulcer [46, 47] and also exhibit cure 
for the gastroduodenal ulcer (María, L., et al., 2010). R. mangle leaf is enriched with condensed tannin which 
expresses excellent free radical scavenging activity. Also, the ability to reduce a compound in an extract proved 
that the extract contains good antioxidant property. Interstingly,R. mangle leaf obtained good ferric reducing 
power which indirectly indicates that leaf of R. mangle poseeses excellent antioxidant property (Zhang, L.-L., et 
al., 2010).  

 
3.3 RhizophoraMucronata: 

In ancient ages, R.mucronata species was used as medicine folklore including specially for antimicrobial 
activity. In order to prove the myth, (Manilal, A., et al., 2015) studied the biological activity of the R.mucronata 
by using various solvents. From the research, methanolic extractedR.mucronatagives the best result out of other 
solvents on the antimicrobial effect. The R. mucronatawhich was extracted by methanol have bioactive 
compounds such as ethanone,1- 2-hydroxy-5-methylphenyl and benzene ethanol, 4-hydroxy. These key 
bioactive compounds enhance the antimicrobial effect on human and animal pathogens. On the other hand, 
research on R. mucronatarevealed that the usage of this species is not just limited to pharmaceuticals aspects 
only, but extends more into repellent agent for mosquitoes. Similarly research by (Yogananth, N., et al., 2015) 
explore on the effect of repellent activity against two types of mosquitoes larvae namely Anopheles stephensiand 
Culexquinquefasciatus. The active compounds with reasonable attribute in the remarkable larval and repellent 
activity are oleic acid and α-pinene which are under fatty acids groups. Recently, isolation of chromones from 
Endophytic fungusPestalotiopsisspecies from leaf of R.mucronota shows moderate cytotoxicity effect against 
the murine cancer cell (Xu, J., et al., 2009). Various parts of R.mucronataplant like bark, collar, hypocotyl and 
stilt root were investigated for their antihepatotoxicityactivity and antioxidant properties. Stilt roots exhibit 
magnificent performance on antihepatotoxicity ability and provides antioxidants based on the presence of key 
compounds such as flavonoids (Orhan, D.D., et al., 2003; Sureshkumar, S. and S. Mishra, 2007), polyphenols 
(Lee, C.-P., et al., 2007), alkaloids (Pradeep, H.A., et al., 2009) and coumarins (Ajith, T., et al., 2007). Besides 
that, ripe R.mucronatafruit flour was analysed for antidiabetic effect. According to the studies of (Meyer, K.A., 
et al., 2000), it was stated that dietary fiber extracted from whole grain products contains excellent antidiabetic 
effect. Also studies from (Chandalia, M., et al., 2000; Jenkins, D.J., et al., 2000) further revealed that soluble 
dietary fiberwas better than insoluble dietary fiber as the soluble dietary fiber increase the performance of blood 
glucose level, decrease excess production of insulin in body and reduce the plasma lipid concentration in type-2 
diabetic patients. R. mucronataripe fruit flour produced total ofabout46.10% of carbohydrate dietary fiber which 
consists of both soluble and insoluble dietary fiber, and which may influence reduction of blood glucose and 
may as well be used as diabetic medicine (Hardoko, E.S., et al., 2015). Furthermore, the bioactive key 
components from the R.mucronata ripe fruit flour such as alkaloid, tannin, saponin and flavonoid plays key role 
in protectionagainst diabetes (Hardoko, E.S. et al., 2015; Patra, J.K., et al., 2009; Odom, T., et al., 2013).  

 
3.4 RhizophoraStylosa: 

There are limited research sources obtained for R.stylosa species. From the few studies, (Takara, K., et al., 
2008) studied the biological activity of R.stylosa stem. Stem extract of R.stylosa by using methanol Soxhlet 
extraction rich in catechol compound which scavenge the free radical activity. Since the amount of catechol 
compounds was high in stem of R. stylosa, it possesses the excellent antioxidant properties. Also, another 
studies was reported on stem and twigs of R.stylosa which used non-polar solvent (petroleum ether) extraction 
method to obtain the plant extract. The stem and twigs of R. stylosa species revealedgreat wealth of flavonoids 
compounds especially phenols group as bioactive compounds. The studies on the DPPH radical scavenging 
activity reported a remarkable positive attitude towards the radical scavenging effect. Therefore, stem and twigs 
of R.stylosamay be use based on their antioxidant activity (Li, D.-L., et al., 2007). Recently, a maiden 
experiment was carried out on the inner tissue of fresh R.stylosaleaf. This part was analysed for cytotoxicity 
activity by using brine shrimp lethality test. In this test, brine shrimp may be used to evaluate cytotoxicity 
activity (Meyer, B., et al., 1982). The bioactive compounds present in the extract exhibit an excellent 
performance in the cytotoxicity activity by producing reading of LD50 value more than the positive controls 
(Zhang, P., et al., 2015).    
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4.0 Chemical groupspresent in Rhizophora species: 
Various chemical groups have been reportedly present in Rhizophoraspecies such as alcohols, aldehydes, 

amino acids, aromatic carboxylic acid, carbohydrates, carboxylic acids, esters, fatty acids, flavonoid, ketone, 
lipids, phenols, saponins, steroids, tannin and terpenoid. The chemical compounds present in the Rhizophora 
species aremainly responsible for the biological activities due to the presence of bioactive chemical structures in 
them. These different chemicals present in Rhizophoramay be classified as pharmacologic, toxicology and 
ecology based on their characteristics.  

 
4.1 Terpenoids: 

Terpenoidsarethe chemical compounds which consist of hydrocarbons of plant with a general formula of 
(C5H8)n and attached with oxygenated, hydrogenated and dehydrogenated derivatives (Connolly, J.D. and R.A. 
Hill, 2010; Zhang, H., et al., 2002). Terpenoidsare also known as terpenes or isoprenoids. There are eight types 
of terpenoids class which are hemiterpenes, monoterpenes, sesquiterpenes, diterpenes, sesterterpenes, 
triterpenes, tetraterpenes and polyterpenes. These classifications of terpenes groups may be further divided into 
main groups as acyclic, monocyclic and bicyclic. Terpenoids are chemical compounds which naturally form in 
most of the plants. Although, few terpenoidsmay be are acquired from other sources. Terpenoidsespecially the 
mono and sesquiterpenes types of compounds acts as volatile substances which occur in plants and flowers and 
may provide excellent fragrances (Sutthanont, N., et al., 2010). As for R. annamalayana species, it contains 
mainly terpenoids groups in bark (Elavarasi, A., et al., 2012). Pyroligneous of R. apiculata exerts triterpenes and 
diterpenoids compounds (Kokpol, U., et al., 1990; Gao, M.-Z., et al., 2011; Loo, A., K. Jain, and I. Darah, 
2008). Besides that, R.mucronata species especially on leaf, bark, collar, hypocotyl, stilt rootpartscontains 
different types of steroids, diterpenoids and triterpenoids which gives distinct result in biological activity of 
R.mucronata (Nebula, M., et al., 2013; Ravikumar, S. and M. Gnanadesigan, 2012; Anjaneyulu, A.S. and V.L. 
Rao, 2001; Xu, J., et al., 2009; Basak, U., A. Das, and P. Das, 1996; Rohini, R. and A.K. Das, 2009). Also, there 
was the discovery of two new compounds of pentacyclic triterpenoid esters and a new sesquiterpenoid from the 
fruits of R.mucronata reported by (Laphookhieo, S., et al., 2004). On the other hand, R.stylosa contains tri-
terpenoids compound majorly at leaf and roots (Oku, H., et al., 2003). Based on the observations, all the main 
four Rhizophora species exhibitsterpenoids compounds at particular parts of the plants and support in the 
biological activities of the species. Each species shows different types of terpenoids at various parts of the plant 
by providing distinct effects on the biological activities. Therefore, terpenoids may be classified as a major 
compound in Rhizophora species. 

 
4.3 Aldehydes and Ketones: 

Aldehydes and ketones are organic compounds which are related based on the presence of carbonyl (C=O) 
functional group. However, aldehydes chemical compound have at least one hydrogen substituents in the alkyl 
or aryl chain whereas ketones are not attached to hydrogen atom. Both of these chemical compounds are usually 
presents in the plants, animal, microorganism and herbs by combining with other functional group.   

 
 

4.4 Carbohydrates: 
Carbohydrates (hydrates of carbon) otherwise known as saccharides consist of carbon, hydrogen and 

oxygen compounds with a general molecular formula of Cn(H2O)n. Carbohydrates can be classified into three 
majorgroups such as monosaccharides, disaccharides and polysaccharides. Monosaccharides are the simplest 
form of carbohydrate which is known as sugar. The types of monosaccharides exhibited in nature are glucose 
(mostly discovered in plants and animal), fructose (sugar obtain from fruits) and galactose (produced from the 
milk, sugar lactose). Generally, glucose is an essential chemical compound in life processes and the above 
mentioned three simple units may be easily absorbed in blood stream and digestive tract. Disaccharides consist 
of two units of simple form of sugar and the disaccharides are sucrose, maltose and lactose. Polysaccharides are 
complex form of carbohydrates which are greatly present in nature. The varieties of polysaccharides exhibit are 
starches (energy stored in plants), cellulose (cell wall of plant) and glycogen (energy stored in animal and 
human). Plants produce carbohydrate by photosynthesis process by absorbing sun light energy from 
environment and converting the water and carbon dioxide into glucose and oxygen. This glucose may be 
produced in complex structure like cellulose which may be the plant cell walls and rest provide energy to the 
plant and stored in seeds, roots or fruits as starch. When living things consume the extracts or fruits, the 
carbohydrates compounds help in production of energy which assists in growth process.  

 
4.5 Amino acid: 

Amino acids are a special type of organic acid which possesses an amine group and an acid group on 
carbon atoms which are located at adjacent positions to each other. Amino acids are generally referred to as the 
block upon which the body is basically built and just like carbohydrates and fats, amino acids also serves as 
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good sources of energy. One factor which often distinguishes amino acids is its characteristic structure which 
contains nitrogen (N), which carbohydrates and fats do not possess. This makes it exclusively possible only for 
amino acids to form organs, tissues, skin, muscles and hair. Amino acids mainly combine to produce proteins so 
when proteins are broken down via digestion, what is left over is amino acids. 

Amino acids may be broadly divided into three classes as essential amino acids, non-essential amino acids 
and conditional amino acids. Essential amino acids cannot be produced by the body; they therefore must be 
gotten from food. The essential amino acids are leucine, tryptophan, phenylalanine, histidine, threonine, lysine, 
isoleucine, valine and methionine. The non-essential amino acids refer of the amino acids which the body is 
capable of producing without necessarily getting it from the food consumed. These include aspartic acid, 
alanine, glutamic acid and asparagine. Conditional amino acids are often non-essential until periods of stress or 
sickness. They include glutamine, proline, arginine, tyrosine, cysteine, glycine, serine and ornithine. Although it 
is not necessary to consume essential and non-essential acids at every single meal, there is always the need to 
obtain a balance of them over the entire day.According to (Zhang, P., et al., 2015), extracts from R. stylosainner 
tissue fresh leaves exhibitsPeniciliumoxalicum EN-201, an endophytic fungus. From this endophytic fungus, 
two new chemical constituents were isolated which are alkaloids (penioxamide and 18-hydroxydecaturin 
Structures of these compounds are illustrated in Figure 3. 

 
Penioxamide 
 

 
18-hydroxydecaturin  
 

Fig. 3: Chemical compounds extracted from endophytic fungus isolated from R. Stylosa. 
 

4.6 Ester: 
Introduction to the term ester was first brought along by German chemist Leopold Gmelin around the early 

half of the 19th century. Generally, esters are classes of organic compounds which would react with water to 
produce organic acids and alcohols. The most common among the esters are the ones gotten from carboxylic 
acids. Estimation of esters at the quantitative level may be done through the process of saponification, a process 
often referred to as alkali hydrolysis of esters.Research on branch of  R.apiculata by (Rukachaisirikul, V., et al., 
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2012), reported one phthalide and eight isocoumarinsderivatesfrom an isolated Acremonium fungal species. The 
newly discovered compounds are lactone group, in which case the functional group are cyclic esters as shown in 
Figure 4. 
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Fig. 4: Chemical compounds of lactone group, in which case the functional group are cyclic esters 
 
Similarly, another research was reported on chromone derivatives which are isomers of coumarin from the 

Endophytic Pestalotiopsis sp. which was isolated from fresh leaves of R.mucronata. From this research, it was 
statedthat six new chromones and one other already known compound were present in the endophytic fungus 
which was isolated from the inner tissue of R.mucronata fresh leavescultivated of solid rice.Figure 5 illustrates 
the chromone derivatives obtained from the mycelia and culture filtrate of the R. mucronata endophytic fungus 
Pestalotiopsissp., which was isolated from the leaves. The compounds identified are 5-carbomethoxymethyl-2-
heptyl-7-hydroxychromone, 5-carboethoxymethyl-2-heptyl-7-hydroxychromone, 5-carboxymethyl-2-heptyl-7-
hydroxychromone, 5-carbomethoxymethyl-7-hydroxy-2-(6-hydroxyheptyl)chromone, 5-carboethoxymethyl-7-
hydroxy-2-(6-hydroxyheptyl)chromone, 5-carbomethoxymethyl-7-hydroxy-2-pentylchromone and 7-hydroxy-2-
(2-hydroxypropyl)-5-methylchromone (Xu, J., et al., 2009).  

 

 
5-carbomethoxymethyl-2-heptyl-7-hydroxychromone 
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(A) 
 

 
5-carboethoxymethyl-2-heptyl-7-hydroxychromone 
 
(B) 
 

 
5-carboxymethyl-2-heptyl-7-hydroxychromone 
 
(C) 
 

 
5-carbomethoxymethyl-7-hydroxy-2-(6-hydroxyheptyl)chromone 
(D) 
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5-carboethoxymethyl-7-hydroxy-2-(6-hydroxyheptyl)chromone 
(E) 
 

 
5-carbomethoxymethyl-7-hydroxy-2-pentylchromone 
(F) 
 

 
7-hydroxy-2-(2-hydroxypropyl)-5-methylchromone 
(G) 
 

Fig. 5: Chromone derivatives obtained from the mycelia and culture filtrate of the R. mucronata endophytic 
fungus Pestalotiopsissp 

 
4.7 Flavonoids: 

Flavonoids represent a particular type of water soluble metabolites usually obtainable from fruits and plant 
vegetables, and possessing potentials which could be of several benefits to health, especially through its 
antioxidant capabilities as well as pathways for cell signalling. The chemical structure of flavonoids consists of 
15 atoms of carbon built up into a polyphenol molecule. This molecule is made up of two rings of benzene 
which are joined by a short chain of three carbon atoms out of which one is usually connected either directly or 
through a bridge of oxygen to a carbon atom in either of the benzene rings such that a third central ring is 
formed. Flavonoids may be grouped into six main subtypes; flavones, flavonones, chalcones, anthocyanins, 
isoflavonoids and anthoxanthins. Most of these molecules notably the anthoxanthins are responsible for the 
yellow colour of certain petals whereas the anthocyanins give rise to the buds reddish colour as well as the 
purple-reddish colour of the autumn leaves. While flavonoids are mainly responsible for production of colour 
pigments essential for attracting pollinating insects to lower plants, they are mainly needed for inhibition of cell 
cycle, nitrogen fixation, UV filtration or as chemical messengers in higher plants. 
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Apart from the plant related benefit of flavonoids, there are several other human health effects promotion 
which may be directly related benefits which are associated with flavonoids. Although the most pronounced 
among these is their high antioxidant capacity, flavonoids may also be effective as anti-cancer, antiviral, anti-
inflammatory and anti-allergic agents. In fact, a particular flavonoid known as quercetin can be active against 
hay fever, sinusitis, eczema and asthma. Furthermore, studies have revealed that consumption of flavonoid is 
related inversely to heart diseases. These molecules have been observed to inhibit oxidation low-density 
lipoproteins, invariably bringing about a risk reduction for atherosclerosis development. 

The bark extracts of R.apiculata was depolymerise to investigate the constituents present in the condensed 
tannin compounds. As a result, (Rahim, A.A., et al., 2008) found that tannin constituents was eluted in an order 
similar to a previous research reported for green tea by other researchers (Pelillo, M., et al., 2002) and the 
discovered compounds are catechin, epicatechin, epicatechingallate, gallocatechin, epigallocatechin, 
catechingallate, gallocatechingallate and epigallocatechin gallate. On the other hand, (Gao, M. and H. Xiao, 
2012) reported for the first time regarding the separation of lignan and flavonol compounds from extracts of  
dried stem, twigs, leaf and bark of R.apiculata which are lyoniresinol-3α-O-β-arabinopyranoside, lyoniresinol-
3α-O-β-rhamnoside and afzelechin-3-rahmnoside. A study was also conducted on the possible changes during 
R. mangle L. leave’s senescence and development (Kandil, F., et al., 2004). It was reported that seven flavonoid 
glycosides compounds were extracted from the leaves, using ethanol solvent extraction method. Figure 6 
illustratesthe three major compounds identified from R. mangle leaf which are quercetin-3,7-O-diglucoside, 
quercetin-3-O-arabinopyranoside and rutin (quercetin-3-O-rutinoside). Also, four minor flavonoids were 
reportedly presents as illustrated in Figure 7. These four minor compounds are myricetin-3-3’-O-diglucoside, 
kaempferol-3-O-rutinoside, querecetin-3-O-rhamnoside and querecetin-3-O-glucoside. In another study, there 
was the report on flavonal derivatives extracted from stems and twigs of R.stylosa. In this report, one compound 
found was believed to be a new flavonalderivateswhereas others are existing flavonal compounds. These 
compounds are shown in Figure 8. The chemical constituents extracted from the R. stylosa stems and twigs are 
3,7-O-diacetyl (–)-epicatechin, 3-O-acetyl (–)-epicatechin, (+)-afzelechin, 3,3′,4′,5,7-O-pentaacetyl (–)-
epicatechin, proanthocyanidin B2 and cinchonainIb (Li, D.-L., et al., 2007).   

 

 
 
Kaempferol glycoside 
 
(A) 
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Quercetin glycosides 
 
(B) 
 

 
 
Myricetin glycosides 
 
(C) 
 
 

 
5,4’-dimethoxy-7,3’-5’-trihydroxyflavone 
 
(D) 
 

Fig. 6: The three major compounds identified from R. mangle leaf 
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Rutin{quercetin-3-O-β-[rhamnosyl-(α1→6)-glucoside]} 
 
(A) 

 
(-)-epicatechin-(4→8)-(-)epicatechin 3-O-rhamnoside 
 
(B) 

 
 
(-)-epicatechin-(4→2)-phloroglucinol 3-O-rhamnoside 
 
(A) 

Fig. 7: The four minor compounds of flavonoids 
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(+)-afzelechin, 
 
(D) 

 
cinchonainIb 
 
(E) 

 
Proanthocyanidin B2 
 
(F) 
 

Fig. 8: The new flavonalderivates 
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4.8 Carboxylic acid: 
Carboxylic acids are a group of hydrocarbons which consists of a carboxyl (COOH) group. They are 

relatively acidic because of the presence on hydroxyl group on the carbonyl carbon. Carboxylic acids are also 
considered to be polar to a large extent due to the same effect of the carbonyl (C=O) which is highly polarized, 
and also a hydroxyl (OH) group. Carboxylic acids may be classified into either aliphatic or aromatic acids, 
based on the substituent which is attached to the carboxyl carbon. When an alkyl group is attached to the 
carboxyl group, then the compound is called an aliphatic acid whereas it is called an aromatic compound if the 
group attached to the carboxyl group is an aryl group. 

 
4.9 Saponins: 

Saponins are some complex compounds which are made up of a saccharide attached to either a triterpene or 
a steroid. They can be easily found in some plants, whereas in the animal kingdom, they are easily found in 
starfish and sea cucumbers. Biologically, saponins have been observed to possess anti-inflammatory, 
haemolytic, immune-stimulating and expectorative abilities. They have also been found to show antimicrobial 
tendencies especially against fungi, and also against a host of protozoa and bacteria. There are several other 
health benefits which are credited to saponins. They prevent reabsorption of cholesterol in the blood, thereby 
reducing the overall cholesterol level of blood. Saponins are good anti-mutagenic and anti-tumour agents. They 
can react with cancer cell membranes which are rich in cholesterol, inhibiting its viability and growth, thereby 
reducing the risk towards human cancers. Also, since saponins produced from plants may help in the fight 
against parasites, whenever these are consumed by humans, the saponins present may as well assist the immune 
system and guard it against bacteria and viruses. Moreover, great antioxidant activity may be obtained from the 
non-sugary potions of saponins, which could further produce other health benefits. 

 
4.10 Lipids, Fatty acids& Steroids: 

Lipids are a special diverse group of organic compounds which occurs naturally and are mainly identified 
by their insolubility in water, but are only soluble when they come in contact with organic solvents such as 
acetone, chloroform, benzene and ether. 

The lipids are a large and diverse group of naturally occurring organic compounds that are related by their 
solubility in nonpolar organic solvents (e.g. ether, chloroform, acetone & benzene) and general insolubility in 
water. The common groups under the lipids are fatty acids, terpenes, steroids, fats and oils and eicosonoids 
among others. Fatty acids are some predominant molecules which are nonpolar and consist of a long carbon 
chain with either a hydroxyl group or oxygen at one end of the chain. Fatty acids are good sources of fuel. This 
is because they can undergo metabolism to produce very great quantities of adenosine triphosphate (ATP). 
Another group under the lipids is the steroids. Although these are derivatives of terpenes metabolism, they are 
usually regarded as a separate entity. Steroids are often identified through their tetracyclic skeletal structure 
which consists of fused one five-membered and three fused six-membered rings. Steroids are greatly distributed 
in animals and they are connected to several physiological processes. 

 For the first time in the history, specifically for the Rhizophora species there was a report about the 
existence of fatty acids. (María, L., et al., 2010) for the first time reported about the presence of fatty acids from 
the bark extracts of R. mangle species. The fatty acids discovered from the findings are palmitic acid, cis and 
trans isomers of oleic acid, linolenic acid and miristic acid.  

 
Rhizophora 
Species 

Parts 
Analysed 

Methods Analysed for Chemical Constituents References 

Annamalayan
a 
 

Bark Ethyl acetate 
solvent 
extraction 
 

Anticancer Terpenoids (Elavarasi, A., et 
al., 2012)  
 

Apiculata Pyroligneou
s acid or 
wood 
vinegar 

Dichlormethan
e solvent 
extraction 

Total phenolic 
content, 
antioxidant,  
ferric reducing 
antioxidant 
power and 
radical 
scavenging 
activity 
 

Organic acetic acid, methanol, ketones, 
aldehydes and polyphenols 
 

(Loo, A., K. Jain, 
and I. Darah, 
2007)  

Apiculata Bark  Acetone and 
ethyl acetate 
solvent 
extraction 

Antioxidant 
activities  

Tannin (Catechin, epicatechin, 
epigallocatechin and epicatechingallate) 
 

(Rahim, A.A., et 
al., 2008)  
 
 
 

Apiculata Bark Soxhlet Free radical Total sugar, sulphate, (Vijayavel, K., et 
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extraction with 
ethanol 
 

scavenging 
activity 

uronic acid, protein and crude fucoidan 
 

al., 2006)  
 

Apiculata 
 

Branch Ethyl acetate 
solvent 
extraction 
 

Antifungal 
activity 

Phthalidederivates&isocourmarinderivat
es 
 

(Rukachaisirikul, 
V., et al., 2012)  

Apiculata Whole Plant Methanol 
solvent 
extraction 
 

Inflammatory 
bowel disease 

4-(pyrrolidinyl) but-2-en-4-ol, butanoic 
acid, and pentyl ester, (5-Bromo-2-
hydroxyphenyl)-( 
1-phenyl-1H-pyrazol-4-yl) ketone, 2-{2-
bromo-5H-indolo[2,3- 
b]quinoxalin-5-yl}-1-(2,4-dichloro 
phenyl) ethan-1-one, 3-bromophenyl 
3,4-dimethylbenzene-1-sulfonate, 5-
Bromo-2-thiophenecarboxaldehyde 
and N-{[5-({2-[3-(4-bromophenyl)-5-
(4-methylphenyl)-4,5-dihydro- 
1H-pyrazol-1-yl]-2-oxoethyl}sulfanyl)-
4-methyl-4H-1,2,4-triazol-3-yl] 
methyl}thiophene-2-carboxamide and 
3-[(2-chloro-4-fluorophenyl) 
methyl]-5-[(3-ethoxy-4-hydroxy-5-
iodophenyl)methylidene]-1,3- 
thiazolidine-2,4-dione 
 

(Prabhu, V. and 
C. 
Guruvayoorappa
n, 2014)  

Apiculata Dried Stem, 
twig, leaf & 
bark 

Ethanol 
solvent 
extraction 

Antioxidant 
activities 
 

Lyoniresinol-3α-O-β-arabinopyranoside 
Lyoniresinol-3α-O-β-rhamnoside 
Afzelechin-3-rahmnoside 
 

(Gao, M. and H. 
Xiao, 2012)  

Apiculata Roots Ethanol 
solvent 
extraction 
 

Antioxidant Flavonoid and polyphenolic (Asha, K., et al., 
2012)  

Apiculata 
 

Bark Soxhlet 
extraction with 
Pet- ether 
 

Anti-termite 
and antioxidant 

Aromatic carboxylic acid or phenolics (Zhang, L.-L., et 
al., 2010)  

Mangle Bark Acetone 
solvent 
extraction 
 

Antiulcer 
activities 

Flavonoids & phenols (De-Faria, F.M., 
et al., 2012)  

Mangle 
 

Bark Aqueous 
extract 

Antimicrobial, 
antioxidant, 
antiseptic, 
wound healing 
promoter, and 
NSAID-induced 
gastric ulcer, 
gastroduodenal 
ulcers  
 

Polyphenols, carbohydrates, fatty acids 
(palmitic acid, cis and 
trans isomers of oleic acid, linolenic 
acid miristic acid), tannin 
and sterols 
 

(Melchor, G., et 
al., 2001)  
(Sánchez, J., et 
al., 2006)  
(Fernández, O., et 
al., 2002)  
(Berenguer, B., et 
al., 2006)  
(Perera, L.M.a.S., 
et al., 2001) 
(María, L., et al., 
2010)  
 

Mangle Leaf Acetone 
solvent 
extraction 
 

Antioxidant  Polyphenols, tannin  
 

(Zhang, L.-L., et 
al., 2010)  

Mangle 
 

Leaf Ethanol 
solvent 
extraction 
 

 Tannin, polyphenols (Kandil, F., et al., 
2004)  
 

Mucronata Whole plant Polar & non-
polar solvent 
extraction 

Antimicrobial 2(3H)-Furanone,5 Methyl-,  
Chloromethylpropanoate, Ethanone,1-
(2-hydroxy-6-methoxyphenyl, 
Benzofuran,2-ethenyl-, 
1,2-Benzenediol, Benzofuran,2,3-
dihydro, Ethanone,1-(2-hydroxy-5-
methylphenyl), Benzene ethanol,4-
hydroxy, 2-Hydroxy-4-methyl 
benzaldehyde, 9H-Fluoren-9-

 (Manilal, A., et 
al., 2015) 
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one,1,2,3,4,4a,9a-hexahydr, 2-
cyclohexen-1-one,4-(3-hydroxy-1-
buten, 3,5,7-Triamino-1-azaadamantane 
 

Mucronata Whole plant Soxhlet 
Extraction 
with Ethanol 

Repellent 
activity against 
the malarial 
mosquito  

Cholro 4-methoxy 3-methylquinoline, 
Methyl-3-acetyl,2,4,6-triethyl, Malonic 
acid, Mononitrite, 2.15- Heptadecadiene 
9(ethoxy methyl), Oleicacid, α-pinene, 
Oxiraneoctanic acid 3-octyscis, 
Trichloroactic acid, Heptadecane, 9-
hexyl, Galatonicphenylhydrazide, 
Acrylophenon 3-(diethyl amino) 
2-methoxy, N-acetylmannosamine, 
Heptadecanenitrate, Phenol 2.5bis 
 

(Yogananth, N., 
et al., 2015)  

Mucronata 
 

Leaf Ethyl acetate 
solvent 
extraction 
 

cytotoxicity 7-hydroxy-2-(2-hydroxypropyl)-5-
methylchromone,  
5-carbomethoxymethyl-2-heptyl- 
7-hydroxychromone, 5-
carboethoxymethyl-2-heptyl-7-
hydroxychromone, 5-carboxymethyl-2-
heptyl-7-hydroxychromone, 5- 
carbomethoxymethyl-7-hydroxy-2-(6-
hydroxyheptyl)chromone, 
5-carboethoxymethyl-7-hydroxy-2-(6-
hydroxyheptyl)chromone, and 
5-carbomethoxymethyl-7-hydroxy-2-
pentylchromone  
 

(Xu, J., et al., 
2009)  

Mucronata Leaf Methanolic 
solvent 
extraction 
 

Antidiarrheal  (R)-hexane-3-ol, tannins (catechin& 
epigallocatechin), alkaloid, flavonoid, 
terpenoid and saponin 
 

(Sachin, R., et 
al., 2014)  
(Puspitasar, Y., et 
al., 2012)  
 

Mucronata Bark, collar, 
hypocotyl, 
stilt root 

Ethanol 
solvent 
extraction 

Hepatoprotectiv
e and 
antioxidant 

Reducing 
sugars, protein, phenolic groups, 
alkaloids, triterpenoids, flavonoids, 
catachin, tannin and anthroquinone 

(Ravikumar, S. 
and M. 
Gnanadesigan, 
2012)  

Mucronata Ripe fruit 
flour 
 

  Lower blood 
glucose level 

Carbohydrate, soluble dietary fiber, 
insoluble dietary fiber, tannin 
 

(Hardoko, E.S., 
et al., 2015)  

Mucronata Root Ethyl acetate 
solvent 
extraction 
 

 secolabdanediterpenoid (Anjaneyulu, 
A.S. and V.L. 
Rao, 2001)  

Mucronata Fruit Hexane and 
methylene 
chloride 
solvent 
extraction 
 

 3-hydroxy-3,7,11-trimethyl-9-
oxododeca- 
1,10-diene (mucronatone), 3b -E-
caffeoyltaraxerol and 3b -Z-
caffeoyltaraxerol 
 

(Laphookhieo, S., 
et al., 2004)  

Stylosa Stem Soxhlet 
extraction with 
Methanol 

Antioxidant Catechin, epicatechin, cinchonain, 
catechin 3-O-α-L-rha, cinchonain, 
glabraoside, ECGg, L-ascorbic acid 
 

(Takara, K., et 
al., 2008)  

Stylosa 
 

Stem & 
Twigs 
 

Petroleum 
ether 
extraction 

Antioxidant  epicatechin, catechin, 3-O-acetyl (–)-
epicatechin,,3,7-O-diacetyl (–)-
epicatechin,3,3′,4′,5,7-O-pentaacetyl (–
)-epicatechin, (+)-afzelechin, 
cinchonainIb, proanthocyanidin B2, 
butylated hydroxytoluene 
 

(Li, D.-L., et al., 
2007)  

Stylosa Leaf & 
Root 
 

Chloroform–
methanol 
solvent 
extraction 
 

 Lipids, sterols (fatty acids esters of tri-
terpenoid) 

(Oku, H., et al., 
2003)  

Stylosa Inner tissue 
of fresh leaf 
 

Ethyl acetate 
solvent 
extraction 

cycotoxicity Penioxamide, 18-Hydroxydecaturin, 
decaturin 

(Zhang, P., et al., 
2015)  
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Conclusions: 
A detailed summary on the extraction of active components from the Rhizophora plants using the 

conventional extraction methods have been reported in this article. The need for research into new advanced 
techniques is also suggested. An updated review on the biological and chemically active components extracted 
from the Rhizophora species was discussed with direct attention on the four mostly investigated species. The 
beneficial importance of the chemical constituents inherent in these plant species was also presented. With the 
progressing research on this particular type of mangrove plant, it is evident that there are still several unexplored 
research opportunities especially to investigate the new upcoming compounds which are obtainable from this 
plant species. Also the less availability of quantitative reports on the other six Rhizophora species is an 
indication that researches into those areas are needed. Structures of some compounds extracted from Rhizophora 
plants are also included in this article which could be helpful towards the development of new drugs, as well as 
open up the ground for the discovery of new drug structures. Ultimately, Rhizophora plants have been perceived 
to be a great reservoir for many phytochemicals with highly desirable structure which could exhibit unalloyed 
chemical and biological activities. 
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