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Abstract

The mangrove fruit Rhizophora apiculata is known to contain various potential bioactive compounds, but information about the characterization of
its chemical functional groups is still limited. This study aimed to identify the main functional groups in R. apiculata fruit extracts using Fourier
Transform Infrared Spectroscopy (FTIR). The analysis was carried out using two types of extracts, namely ethanol extract and base-acid extract
(NaOH + CH3COOH), using a Bruker Alpha Il ATR-based FTIR instrument in the range of 4,000-600 cm-1 with a resolution of 4 cm-1 and 32 scans.
The FTIR spectrum of the ethanol extract showed dominant absorption bands of O-H (3100-2500 cm-1), C=0 (1,725-1,700 cm-1), and C-0 (1,320-
1,211 cm-1) indicating the presence of carboxylic acids, esters, and ketones. In the base-acid extract, the spectrum profile became more complex with
the detection of additional bands of N-H (3,360-3,100 cm-1) and amide II (1,570-1,515 cm-1), suggesting the presence of nitrogen-based compounds
as well as the Si-0/Si-OH band (1,040-830 cm-1) from silica minerals. The differences in the spectral profiles indicate that the extraction method
significantly affects the types of metabolites detected, with acid-base extracts being more effective at extracting polar compounds. These results
reinforce the potential of R. apiculata fruit as a source of functional food materials rich in bioactive compounds, but further studies are still needed
for definitive molecular identification.
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Abstrak

Buah mangrove Rhizophora apiculata diketahui mengandung berbagai senyawa bioaktif yang berpotensi dimanfaatkan, tetapi informasi mengenai
karakterisasi gugus fungsional kimianya masih terbatas. Penelitian ini bertujuan mengidentifikasi gugus fungsional utama pada ekstrak buah R
apiculata menggunakan Fourier Transform Infrared Spectroscopy (FTIR). Analisis dilakukan pada dua jenis ekstrak, yaitu ekstrak etanol dan ekstrak
basa-asam (NaOH + CH3COOH), menggunakan instrumen FTIR Bruker Alpha II berbasis ATR pada rentang 4,000-600 cm-1 dengan resolusi 4 cm-1
dan 32 pemindaian. Spektrum FTIR ekstrak etanol menunjukkan pita serapan dominan O-H (3.100-2.500 cm-1), C=0 (1.725-1.700 cm-1), dan C-0
(1.320-1.211 cm-1) yang mengindikasikan keberadaan asam karboksilat, ester, dan keton. Pada ekstrak basa-asam, profil spektrum menjadi lebih
kompleks dengan munculnya pita tambahan N-H (3.360-3.100 cm-1) dan amida II (1.570-1.515 cm-1), yang menunjukkan keberadaan senyawa
berbasis nitrogen serta pita Si-0/Si-OH (1.040-830 cm-1) dari mineral silika. Perbedaan profil spektrum menunjukkan bahwa metode ekstraksi
berpengaruh terhadap jenis metabolit yang terdeteksi, dengan ekstrak basa-asam lebih efektif mengekstraksi senyawa polar. Hasil ini memperkuat
potensi buah R. apiculata sebagai bahan pangan fungsional yang kaya senyawa bioaktif, tetapi penelitian lanjutan masih diperlukan untuk identifikasi
molekuler yang lebih definitif.

Kata kunci: Mangrove, Rhizophora apiculata, buah mangrove, FTIR, gugus fungsi, senyawa bioaktif

terpenoids, sterols, and pigments, which are known to have
1. Introduction potential biological activities (Gao & Xiao, 2012; Abdel-Aziz et al,,
2016; Dahibhate et al,, 2018). In R. apiculata, experimental studies
have reported phenolic-rich extracts and antioxidant,
antimicrobial, and related biological activities, supporting the need
for chemical characterization of this species (Ramalingam &
Rajaram, 2018; Acharya et al., 2023). Mangrove fruits also contain
diverse secondary metabolites; for example, phytochemical

Mangroves are a group of coastal plants that have a high ability
to adapt to extreme environments, such as high salinity,
temperature fluctuations, and low oxygen conditions. This
adaptability is related to the production of various secondary
metabolites, including phenolic compounds, flavonoids,
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screening has detected phenolics, flavonoids, tannins, saponins,
and alkaloids in Sonneratia alba fruit material (Tahulending et al,,
2023). Subcritical water extraction of S. alba mangrove fruit has
potential as a functional food with antioxidant activity from the
flavonoid and tannin content (Wonggo et al, 2024). Mangrove
fruits from the species Rhizophora apiculata have begun to be used
for functional foods, for processing into mangrove coffee
(Abubakar etal., 2023).

The fruit of the mangrove R. mucronata has been made into
functional food in the form of mangrove coffee (Prihatiningsih etal,,
2024). The use of R. apiculata mangrove fruit as a functional food
has potential as a high-value raw material. In addition, some
previous studies have also reported that various mangrove species
contain bioactive compounds that are interesting to explore
further. However, information on the chemical characterization of
R. apiculata fruit, especially through functional group analysis
using Fourier Transform Infrared Spectroscopy (FTIR), is still
limited. According to Smith (2011), FTIR is one of the analytical
methods used to identify functional groups based on the vibration
of chemical bonds in a compound. This technique provides
preliminary information about the chemical components in a
sample, although it cannot yet be used to specifically identify
molecular structures. Therefore, this study was conducted to
analyze the functional group characteristics of the mangrove fruit
extract R. apiculata as a basis for understanding its chemical
characteristics and the potential compounds it contains.

The success of identifying bioactive compounds does not
depend on the potential of the natural materials themselves, but is
also heavily influenced by the extraction methods used. A
comprehensive review by Gil-Martin et al. (2022) points out that
factors such as the type of solvent, pH, and temperature are crucial
variables that affect the release and stability of phytochemicals,
especially phenolic compounds. Experimental studies on *R.
apiculata* have also demonstrated that extraction conditions can
influence the composition and biological properties of the resulting
extracts (Kannappan et al., 2018). Therefore, this study not only
identifies functional groups but also compares two different
extraction methods to examine their impact on the metabolite
profile.

2. Materials and Methods

2.1. Study period and location

This study was conducted in 2025, with samples taken from
Rhizophora apiculata mangrove fruit in a tourist village in Wori
Sub-district, North Minahasa Regency, North Sulawesi (1.589-
1.591° N and 124.837-124.839° E). Fourier Transform Infrared
(FTIR) spectroscopic analysis, using an ATR-based Bruker Alpha Il
FTIR instrument, was carried out at the North Sulawesi Regional
Police Forensic Laboratory.

2.2. Data collection

The fruits of the mangrove R. apiculata, which are brownish in
color, were air-dried at room temperature for 7 days and then
ground into a fine powder. Next, 10 grams of this fine mangrove R.
apiculata fruit powder were macerated with 25 ml of PA ethanol for
3 days. Each day, the extract was filtered, collected, and stored in
the refrigerator. The filtered extract was then mixed with PA
hexane solution, evaporated, and dissolved in PA ethanol, resulting
in a polar ethanol extract of mangrove R. apiculata. The ethanol
extracts were then treated by adding a base-acid solution (10 mL of
1M NaOH for 30 min, followed by neutralization with 1M
CH3COOH), and this became the second extract. Both extracts were
then taken for FTIR analysis. The difference in treatment was based
on the consideration that modifying the extraction conditions,
referring to (Gil-Martin et al.,, 2022), especially adjusting the pH and
choosing the solvent, proves to be a strategic way to promote the
desorption and solubilization of target compounds from the sample
matrix.

2.2.1. Laboratory analysis

Functional-group characterization was performed using
Fourier Transform Infrared (FTIR) spectroscopy with Attenuated
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Total Reflectance (ATR) mode. In this technique, the extract was
placed directly on the ATR crystal (diamond), and infrared
radiation was directed through the crystal at a controlled angle,
allowing evanescent-wave interaction with the sample surface
without requiring additional sample preparation such as pellet
formation or thin-film deposition. The spectra were processed
using the spectrometer software, including background correction,
normalization, smoothing, and interpretation. The use of infrared
spectroscopy for chemical characterization was supported by
established spectrochemical methodology (Bhargava & Levin,
2005).

Measurements were performed using a Bruker Alpha II FTIR
spectrometer in Attenuated Total Reflectance (ATR) mode over
4,000-600 cm™*, with a resolution of 4 cm™* and 32 scans. These
settings were selected to provide adequate spectral quality and
reproducibility. The absorption bands were interpreted by
comparison with established infrared spectral assignments,
particularly in the characteristic and fingerprint regions (Ferraro &
Basile, 1978).

2.3. Data analysis

All measurements were performed in triplicate (n = 3), and the
reported spectra represent the average of three replicate scans.
Spectral data processing was carried out using the OPUS software
(Bruker Optik GmbH, Ettlingen, Germany), and included
background subtraction (atmospheric CO, and H,O correction),
baseline correction, normalization to the highest-intensity band,
smoothing with a Savitzky-Golay function (9-point window), and
peak-picking at minima in the second-derivative spectrum. Each
identified absorption peak was assigned to a functional group
based on its wavenumber position, and the assignments were
validated against established infrared spectral reference data for
functional groups such as 0-H, C=0, C-0, C-N, and N-H (Ferraro &
Basile, 1978; Smith, 2011).

3. Results

The FTIR spectrum of the ethanol extract (Figure 1) showed
dominant absorption bands associated with polar organic
compounds, particularly hydroxyl, carbonyl, and C-0O-containing
structures. The interpretation was based on the characteristic
wavenumber regions of the detected vibrations, as summarized in
Table 1.

Figure 1. FTIR spectrum of R. apiculata mangrove extract in ethanol
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Table 1. Identification of functional groups absorbed in FTIR of R.
apiculata mangrove fruit extract in ethanol

Wave . Interpretation of
. Functional group
No number Intensity . . molecular
-1 interpretation .

(cm™) meaning

1 3,100~ wide O-H stretching carboxylic acid
2,500
1725- carbonyl,

2 ’ strong C=0 stretching carboxylate,
1,700

ketone

1,740- .

3 1715 strong C=0 stretching unsaturated ester
1,700~ _ .

4 1,680 strong C=0 stretching aryl ketone
1,320- .

5 1211 strong C-0 stretching carboxylate, ester
1,440- .

6 1395 strong O-H deformation  carboxylate

7 960-875 medium O-H deformation ~ H-bonding
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The broad band at 3,100-2,500 cm™! was assigned to O-H
stretching associated with hydrogen-bonded hydroxyl groups,
including those occurring in carboxylic acids and phenols. The
sharp absorption at 1,725-1,700 cm™ corresponded to C=0
stretching, which may occur in carboxylic acids, esters, or ketones.
The simultaneous presence of hydroxyl and carbonyl absorptions
indicates a chemically diverse polar extract and is consistent with
the occurrence of phenolic constituents previously reported for R.
apiculata.

Additional bands at 1,740-1,715 cm™ and 1,700-1,680 cm™
further indicated carbonyl-containing structures, while the strong
absorption at 1,320-1,211 cm™ was assigned to C-0 stretching.
Taken together, these bands suggest that the ethanol extract
contains oxygenated organic compounds, including acid, ester,
alcohol, and related carbonyl structures.

The absorption pattern was comparable with FTIR observations
reported for other mangrove extracts, in which 0-H, C=0, and C-0
bands were prominent in the spectra of natural-product fractions
(Pancapalaga et al., 2023).

The FTIR profile of the R. apiculata extract treated with base-acid
is presented in Figure 2 and is more complex than the pure ethanol
extract. The difference in profiles is a direct result of the increased
diversity of chemical components extracted, which also highlights
the analytical power of FTIR in detecting multicomponent
mixtures. The base treatment (NaOH) followed by acid
neutralization (CH3COOH) aims to break ester bonds and improve
the solubility of polar compounds, so that bound phenolic
compounds and nitrogen-based compounds (amides, alkaloids)
can be identified (Table 2).

Figure 2. FTIR spectrum of R. apiculata fruit extract in acid-base
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Table 2. Identification of functional groups absorbed in FTIR of R.
apiculata fruit extract in acid-base

Wave Functional .
. Interpretation  of
No number Intensity group .
-1 : . molecular meaning
(cm™) interpretation
3.360- Amide/thioamide
1 ’ medium N-H stretching (protein/peptide
3,100 o
derivatives)
3,350- . . Phenol, as an
2 3,200 variable O-H stretching antioxidant agent
3,100- . . Carboxylic  acid
3 2.900 variable O-H stretching (appears)
1.750- The carbonyl in
4 ’ Strong C=0 (AmidaI) amide, ketone, or
1,650 .
acid structures
1670- Carbonyl with
5 ! Strong C=0 (H-bond) internal hydrogen
1,650 .
bonding
Combined
1,570- medium- . vibration (C-N
6 1,515 strong Amidall stretching + N-H
bending)
1,320- . Carboxylate, ester,
7 1211 Strong C-0 stretching phenol
1,260- . . Specifically for
8 1,180 Strong C-0 stretching phenolic alcohol
1.040- Natural silica
9 8'30 Strong Si-0 / Si-OH (mineral from the
sea)
. 0-H Carboxylate
10 960-875 medium deformation deformation

The N-H stretching band at 3,360-3,100 cm™ indicates the
presence of secondary amide groups from amides or thioamides,
which are derivatives of proteins or peptides. A strong peak at
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1,750-1,650 cm™ shows C=0 vibration (Amide 1) from the
carbonyl group in amide, ketone, or acid structures. The band at
1,570-1,515 cm™! is a combined C-N stretching and N-H bending
vibration (Amide II). The appearance of these N-H and Amide II
bands suggests the presence of nitrogen-based compounds like
alkaloids or proteins/peptides.

The 0-H band at 3,350-3,200 cm™ is consistent with hydrogen-
bonded hydroxyl groups commonly associated with phenolic
constituents. Phenolic functional groups are important in plant
extracts because they may contribute to antioxidant properties;
FTIR profiling is therefore useful as a preliminary qualitative tool
for recognizing such chemical features (Dev & Mukadam, 2025).

The Si-0/Si-OH band in the 1,040-830 cm™ region suggests the
possible presence of silicate-containing mineral material in the
extract. Because FTIR spectra of biological samples may contain
overlapping organic and inorganic signals, this assignment should
be treated as a preliminary indication rather than definitive
mineral identification.

The possible mineral-related signal is also compatible with the
observation that mangrove tissues can contain inorganic elements
in addition to organic secondary metabolites. Previous work on R.
apiculata has demonstrated that FTIR spectra can contain multiple
oxygen-, nitrogen-, and other heteroatom-containing functional
groups, illustrating the multicomponent nature of mangrove
extracts (Wen et al., 2020).

4. Discussion

The difference between the two extraction profiles indicates
that extraction conditions influence the chemical functionalities
detected by FTIR. The ethanol extract was characterized mainly by
0-H, C=0, and C-0 absorptions, whereas the acid-base treatment
produced additional N-H/amide-related and mineral-associated
bands. This supports the use of complementary extraction
conditions when the objective is to obtain a broader preliminary
chemical profile. Importantly, the FTIR results should be
interpreted as functional-group evidence rather than definitive
compound identification. For R. apiculata, previous work has
demonstrated that extraction fractions contain different functional
groups and phenolic acids, while more recent FTIR-based studies
have reported hydroxyl, amino, carbonyl, and carboxyl-related
groups in its extracts (Othman et al,, 2020; Santhosh et al,, 2025).

The broader profile observed after acid-base treatment is
consistent with the known chemical complexity of R. apiculata
extracts, which may contain phenolic, tannin, nitrogen-containing,
and other bioactive constituents. Recent studies combining FTIR
with phytochemical or chromatographic approaches have similarly
demonstrated that several functional groups can coexist in R.
apiculata extracts. Therefore, the present findings provide a useful
preliminary chemical characterization, while targeted techniques
such as GC-MS, LC-MS, or NMR would be required to confirm
individual molecular structures. Environmental and physiological
conditions can also influence antioxidant responses in mangrove
species, reinforcing the need to interpret chemical profiles in
relation to sample and extraction conditions (Chan-Keb et al,
2025).

5. Conclusion

FTIR analysis of R. apiculata extract successfully identified the
main functional groups, namely O-H, C=0, C-O, N-H, and C-N,
which represent the presence of phenolic compounds, organic
acids, esters, ketones, as well as nitrogen-based compounds. The
ethanol extract was dominated by carboxyl and ester groups, while
the acid-base extract showed a more complex profile with the
appearance of amine and amide bands, indicating increased
efficiency in extracting polar compounds.
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