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Abstract: The mangrove forest is often regarded as an unpleasant environment with less intrinsic values. Rhizophora 
apiculata has an important value as it provides several benefits to people, for example, it is a traditional medicinal plant 
that is also used in construction, as a source of food, dye and so forth. This study aims to identify types of functional 
groups and individual phenolic compounds from R. apiculata. An analytical method for R. apiculata was developed with 
different fractional extracts from water extraction. The result from the FT-IR analysis presented all fractional extract 
detected with different types of functional groups. The results revealed that four types of individual phenolic acids, which 
are Caffeic acid, Vanillic acid, trans-p-Coumaric acid and Ferulic acid, were detected in ethyl acetate and butanol 
extracts. However, none of the phenolic acids was detected in petroleum ether extract. All the phenolic acids detected in 
the study have not been exploited to their full potential. More research on optimizing the isolation and purification of 
these pigments as well as their usage in food systems is needed to enable their use in food applications or textile 
industries. 
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INTRODUCTION 

Rhizophora apiculata from the family 
Rhizophoraceae are known as red mangroves or 
“bakau minyak” in Malaysia and arewidespread 
throughout tropical and subtropical areas from the 
African east coast to Asia, Australia and Pacific Ocean 
[1]. Rhizophora is derived from the Greek word taken 
from its characteristic where Rhizo from the word rhiza 
means root while phora from the word phoros means 
bearing [2]. The R. apiculata communities inhabit the 
intertidal wetland zone that can reach 30 to 40m in 
height and with stem diameters thatare often about 15 
to 35 cm taken just above the highest prop root. This 
mangrove plant’s flowering period is from August until 
December in the southern hemisphere while from 
February until June in the northern hemisphere [1]. As 
compared to other Rhizophora species, R. apiculata 
appears more prevalent in estuaries influenced by 
larger and more continuous freshwater flows [1-3]. 
From ecological aspects, this stilt mangrove probably 
has the greatest value for environmental benefit as it 
plays a vital role in supporting marine food chains,  
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protecting coastal areas and improving water quality as 
well as in providing a balanced ecosystem [4, 5]. [6] 
reported that R. apiculata leaf tissues were detected 
with a higher concentration of copper, iron, zinc and 
lead compared to other mangrove species that were 
studied. Meanwhile, R. apiculata provides direct benefit 
to people since it is used for fuelwood, construction, 
medicinal purpose, tannin and dyes as well as an 
attraction site for ecotourism. R. apiculata contains 
secondary products including alkaloids, glycosides, 
essential oils and other organic constituents [7] to cure 
both infectious and non-infectious diseases in many 
people in Asia and Africa [8]. The alkaline extract from 
the leaf of R. apiculata inhibits the HIV replication and 
HIV-induced cytopathic effects. The substance 
responsible for the anti-HIV activity is an acid 
polysaccharide [9]. Besides, for tannin in the leather 
industry, the excellent inhibitive action of mangrove 
tannin is mainly attributed to the presence of hydroxyl 
groups as well as the interaction with rings containing 
conjugated bonds and π electrons, which enable 
chemisorption of tannin molecules on the metal surface 
[10]. A discovery of R. apiculata extract contains 
protein, phenolic group and tannin [11]. Other 
compounds such as triterpenes and diterpenoids were 
isolated from this plant and a phenolic compound found 
in the pyroligneous acid of R. apiculata was used for 
antioxidant activities that are important for the body to 
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cure diseases such as inflammation, cardiovascular 
diseases, aging and so forth [3]. Phenolic compounds 
can be described as simple aromatic phenols, hydroxyl 
and substitute benzoic acids and aldehydes, hydroxy 
and substituted cinnamic acid, coumarin, tannin and 
flavonoids [12] that are comprised of a hydroxyl group 
(-OH) bonded directly to an aromatic hydrocarbon 
group [13]. Phenolic acids are a subclass of larger 
phenolic categories in food plants i.e. ester or 
glycosides that are conjugated with other natural 
compounds (flavonoid and alcohol), which contain 
phenolic ring or at least one organic carboxylic acid 
[14]. The phenolic compounds have several properties 
such as enzyme inhibition, anti-tumor promoting activity 
and inhibition of metabolic activities that produce 
superoxide, which contributes to the traditional 
medicine [7]. Therefore, this study aims to explore the 
functional groups and individual phenolic compounds 
from R. apiculata leaves extracts.  

MATERIALS AND METHODS 

Sample Preparation 

The leaves of the Rhizophora apiculata were 
collected and a random 1000 g fresh weight sample 
was immediately frozen at -20 °C. The leaves samples 
were freeze-dried for three days, after which the 
samples were ground into a fine powder and stored at -
20 °C until further analysis. 

Extraction of Chemical for Phenolic Compounds 

The extraction procedure essentially followed the 
methods described by [15, 16] with the following 
modifications. For each sample, 10 g of powdered 
freeze-dried material was mixed with 100 ml of distilled 
water and then the sample was incubated in an oven at 
about 60°C for 30 min before being allowed to stand 
overnight, in darkness at room temperature, before the 
clear supernatants were re-extracted with different 
solvents polarities; petroleum ether, ethyl acetate and 
butanol. 

Separation of Phenolic Compounds 

The phenolic compounds were isolated from R. 
apiculata water extract according to the method of [16]. 
The crude extraction (clear supernatant) was 
performed using petroleum ether, ethyl acetate and 
butanol, using a funnel separator. For further analysis, 
the final concentration was resuspended with 5 ml of 
methanol in tubes then capped and sealed with 
parafilm to exclude oxygen and immediately stored at -

20°C until subsequent analysis. 50 µL of the re-
dissolved sample was then transferred in a vial for 
further analysis by Fourier transform infrared (FT-IR) 
spectroscopy, total phenolic compound (TPC) and 
high-performance liquid chromatography (HPLC). 

Determination of Phenolic Functional Groups 

The sample spectra were recorded on an FT-IR 
spectrometer in the range of 400-4000 cm-1 using 
Thermo Scientific FT-IR Spectrometer (Nicolet iS50). 
The software used for FT-IR data collection was 
OMNIC version 9.2 (Thermo Scientific). Five hundred 
microlitres of the sample were poured onto the ATR 
crystal [17].  

Determination of Total Phenolic Content  

TPC determination used the Folin-Ciocalteau assay 
as reported by [18]. 90 µL of Folin-Ciocalteu reagent 
was diluted in deionised water (20% v/v) and was 
placed in each well of a flat-bottomed 96-well clear 
microplate. After that, 1.0 mg/g DW of the sample that 
was diluted with distilled water (1000 µg/mL) and 
incubated at room temperature for 5 minutes. Next, 90 
µL of sodium carbonate in deionised water (7.5% w/v) 
was mixed and incubated for two hours at room 
temperature. The absorbance of extracts and standard 
was then read at λmax = 725 nm against a blank 
(deionised water without extract or standard) using a 
TECAN microplate reader. 

The total phenolic compound (TPC) was determined 
using a gallic acid calibration curve whereas the 
domain for gallic acid (GAE) calibration curves was 
calculated concerning the dilution factor = 11. Twofold 
serial dilution (five different concentrations) was 
performed in 30 mL glass vials using a micropipette, 
and 1.0 mg/g DW of each concentration (GAE) per 
gram dry weight sample ± standard error of the mean 
(SEM). The TPC concentrations were expressed in 
terms of a microgram GAE per 1.0 g dry weight of 
freeze-dried matter (µg GAE/g DW).  

HPLC Analysis of Individual Phenolic Compounds 

The HPLC analysis of phenolic acids was 
performed on an Agilent 1200 series rapid resolution 
LC system (Agilent Technologies, Palo Alto, CA, USA) 
that comprises of a binary pump with autosampler 
injector, micro vacuum degassers, thermostatted 
column compartment and a diode array detector (DAD) 
[21]. The column used was a Zorbax Eclipse XDB-C18 
end-capped 5 µm, 4.6x150 mm reverse phase column 
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(Agilent Technologies, USA). For the analysis, a linear 
gradient elution was used, with the two mobile phases 
consisting of 1% formic acid in water/ acetonitrile 90:10 
v/v (phase A) and acetonitrile (phase B) using the 
following gradient: 0-20 min, linear gradient from 0% B 
to 40% B; 20-25 min, linear gradient from 40% B to 
60% B; 25.10-35 min, linear gradient from 100% B to 
100% B and 35.10-40 min, isocratic of 0% B. The 
temperature of the column was set at 25°C. The 
injection volume was 20 µL, and the flow rate was set 
at 1.0 mL min-1. Phenolic acid standards of Caffeic 
acid, Ferulic acid, trans-p Coumaric acid, 2-Coumaric 
acid, 4-Coumaric acid, Hydroxybenzoic acid and 
Vanillic acid were purchased from Sigma-Aldrich. The 
individual phenolic acids were detected at the 
wavelength of maximum absorption of the phenolic 
acids in the mobile phase at 280 nm by using 
photodiode array detection. Individual phenolic acid 
concentrations were calculated by comparing their 
relative proportions, as reflected by integrated HPLC 
peak areas. The individual phenolic acid compound 
concentrations were expressed in terms of a 
microgram per 1.0 g dry weight of freeze-dried matter 
(µg/g DW). 

RESULTS AND DISCUSSION 

FT-IR Analysis of Phenolic Functional Group 

The FT-IR analysis of water extract for R. apiculata 
leaves showed the presence of aliphatic hydrocarbon 
in petroleum ether fractional extract, peak at 2932.82 
cm-1 (Table 1; Figure 1). The peak at 2930 cm-1 was 
assigned to a CH2 asymmetric bond. The second 
solvent, ethyl acetate, fractional extract, was detected 
with three different functional groups of aromatic 
hydrocarbon, olefin and aromatic ether with major 
peaks at 1991.84 cm-1, 1673.86 cm-1 and 1283.14 cm-1, 
respectively (Table 1; Figure 1). The peak at 1700-
2000 cm-1 was assigned to a C-H bond (aromatic 
hydrocarbon), 1620-1680 cm¯¹ assigned to a C=C bond 

(olefin) and 1230-1270 cm-1 to a –C-O-C- bond 
(aromatic ether). The last solvent, butanol fractional 
extract, was detected with only phenol group at 
1204.01 cm-1 (Table 1; Figure 1). The peak at 1200  
cm-1 was assigned to –OH bond (phenol). Those 
groups were observed in FT-IR spectra in all fractional 
extracts for R. apiculata. The excellent inhibitive action 
of R. apiculata is mainly attributed to the presence of 
hydroxyl groups [20]. The most common extraction 
solvents were alcohols (methanol and ethanol), 
acetone, diethyl ether and ethyl acetate have been 
used for phenolic compound extract [21]. In this study, 
most of the functional groups were detected in ethyl 
acetate fractional extract followed by petroleum ether 
and butanol extracts. [17] reported that phenol could be 
found in the range between 900 – 1680 cm-1. 
Therefore, the peak frequency at 1200 cm-1 was 
identified as the phenol group. This was supported by 
[22] who mentioned that the presence of alcohol, 
phenols, carboxylic acid and siloxanes indicated that 
lignocellulose degradation. 

HPLC Analysis of Individual Phenolic Compound 

R. apiculata was found to have the total phenolic 
content of 977.90 ± 2.13 µg GAE/g DW whereas 
individual phenolic content analysis performed by 
HPLC system detected at least four major peaks: 
Caffeic acid, Vanillic acid, trans-p-Coumaric acid and 
Ferulic acid as shown in Table 2. The highest amount 
for individual phenolic was Ferulic acid (1.56 ± 0.01 
µg/g DW) in ethyl acetate extract, whereas, the lowest 
was trans-p-Coumaric acid (0.02±0.00) also in ethyl 
acetate extract. Polyphenols can be defined as 
molecules having more than one hydroxyl group in their 
structure. They are ubiquitous molecules which act as 
secondary metabolites in plants [23]. Polyphenols can 
be structurally classified as flavonoids or non-
flavonoids and can have a simple structure like 
phenolic acids or very complex like tannins. Non-
flavonoids include phenolic acid derivatives, stilbenes, 
tannins and lignins are mostly colorless compounds or 

Table 1: FT-IR Peak Values of R. apiculata in Water Extraction Different Fractional Polarities Extracts 

Solvent 
extracts 

Peak (wave number 
cm-1) 

Intensity Bond Functional group Group frequency 
(cm-1) 

Petroleum 
ether 

2932.82 99.932 CH2 asymmetric Aliphatic hydrocarbon 2930 

1991.84 99.843 C-H Aromatic hydrocarbon 1700-2000 

1673.86 98.630 C=C Olefin 1620-1680 

Ethyl acetate 

1283.14 98.816 -C-O-C- Aromatic ether 1230 - 1270 

Butanol 1204.01 97.907 -OH Alcohol 1200 
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Figure 1: FT-IR peak values of R. apiculata in water extraction for (a) petroleum ether, (b) ethyl acetate and (c) butanol 
fractional extracts. 

light yellow/brown and rarely contribute to the color of 
foods. Another group is flavonoids or colored 
polyphenols and also the polyphenols that produce 
color as a result of processing including fermentation, 
enzyme activity or heat [24]. The market for natural 
colorants for food applications is ever increasing. 
Consumers' preferences are simpler and cleaner labels 
for their foods and are seeking alternatives to synthetic 
ingredients. As a result, interest in natural products 
including natural colorants is obvious. Therefore, this 
study revealed the potential of polyphenols and 

polyphenol derived molecules as potential food 
colorants or active pharmaceutical ingredients. 

CONCLUSION  

The results from the FT-IR analysis presented the 
different types of functional groups that were detected 
in all the fractional extracts.. The results revealed that 
four types of individual phenolic acids, which are 
Caffeic acid, Vanillic acid, trans-p-Coumaric acid and 
Ferulic acid, were detected in ethyl acetate and butanol 
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extracts. However, none of the phenolic acids was 
detected in petroleum ether extract. 

All the phenolic acids detected in the study have not 
been exploited to their full potential. Usually, colorless 
polyphenols can give rise to colored products by virtue 
of the presence of enzymes or reaction with other 
substrates or both. More research is needed of these 
pigments potential applications especially in food 
systems to enable their future enhancement and 
enrichment in food applications, pharmaceutical 
ingredients as well as textile industries. 
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