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Abstract
The selectivity analysis of anionic dye adsorption by E. cottonii macroalgae has been successfully conducted in this study.
Selectivity analysis encompassed congo red, direct yellow, methyl orange, and direct green dyes with measurements taken
at 0, 2, 4, 6, 8, and 10-minute intervals. The dye concentration was standardized at 50 g/mL, and 20 mL of each dye solution
was utilized. Variations in absorbance were assessed using a UV-Vis Spectrophotometer, revealing that E. cottonii exhibited the
highest selectivity for methyl orange. Characterization through FT-IR indicated the presence of O H, C H aliphatic, C N,
C C, C O, and N H bonds in the dried E. cottonii macroalgae material. These results affirm the superior selectivity of E.
cottonii in adsorbing methyl orange, as demonstrated by the selectivity test.
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1. INTRODUCTION

There are roughly 30,000 species of green algae around the world
(Santos et al., 2015), and their shapes change broadly. According
to the color of the thallus, they can be classified into Phaeo-
phyceae (brown), Rhodophyceae (red), and Chlorophyceae (green)
algae (Zheng et al., 2020). Algae are commonly utilized for the ex-
traction of hydrocolloids such as agar, carrageenan, and alginate
(Charoensiddhi et al., 2020). One of the foremost well-known
fish assets in Indonesia is algae, and in reality, algae cultivation
has been well-created in later a long time. Algae or macroalgae
are one of the foremost inexhaustible organic resources in In-
donesia, accounting for roughly 8.6% of the full marine biota.
Indonesia’s algae territory is 1.2 million hectares and is consid-
ered the biggest algae territory in the world (Prakoso et al., 2018).
Unfortunately, despite having well-processed items with tall in-
cluded esteem, as it were 20-23% of algae cultivating in Indonesia
produces crude materials. Among the algae species are Euchema
cotonnii and Gracilaria, with an evaluated surrender proportion
of 70:30. Indonesia sent out 80% of his E. cottonii items, whereas
80% of Gracilaria items were devoured locally (Puspawati et al.,
2015). Extensive populations of Eucheuma cottonii also referred
to as Kappaphycus alvarezii, are found on the inner surfaces of
coral reefs in the Philippines, Indonesia, and East African island
regions (Chan et al., 2013). Buton in southeast Sulawesi is one
of the makers of E. cottonii algae, and its generation produced
70,313 tons (Puspawati et al., 2015).

The inexhaustible accessibility of algae in Indonesia ought
to be optimized by changing these assets into other high-value

items. Items obtained from algae incorporate biomaterials and
biofuels. Macroalgae as a biomaterial moreover has a few em-
ployments, such as pharmaceutical (Shobier et al., 2020), polymer
fabricating (Kammler et al., 2024), and adsorbent for the remedi-
ation of different contaminants in wastewater (Mittal et al., 2022;
Soliman et al., 2019; Shobier et al., 2020; Lee et al., 2022; Park
et al., 2016).

Dye effluent contained in wastewater can have a terrible
effect on the environment (Palapa et al., 2019a). Undoubtedly
the nearness of these substances within the oceanic environ-
ment reduces the oxygen and irritates the organic cycle of sea-
going biota (Palapa et al., 2019b). Most colors are not instantly
biodegradable and are noxious to sea-going life, indeed in small
sums (Wijaya and Yuliasari, 2023). There are a few methods for
the remediation of colors from wastewater. Different physical or
chemical strategies have preferences and impediments. Illustra-
tions of chemical strategies such as photocatalysis (Wijaya and
Yuliasari, 2023) and physicochemical strategies such as particle
trade, coagulation, adsorption, and film filtration (Ahmad et al.,
2023; Raval et al., 2017; Hamad and Idrus, 2022). Numerous of
them are costly, troublesome to utilize, and have constrained
color division effectiveness. In any case, adsorption methods also
have other preferences: they are more valuable, cheaper, less
demanding to utilize and don’t contain destructive substances
(Palapa et al., 2019a).

In this research, macroalgae E. cottonii will be applied to
adsorb the anionic dye pollutants. Selectivity testing will be
carried out to see the best adsorption ability of macroalgae on
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Figure 1. Chemical Structure of (a) CR ; (b) DG ; (c) DY and (d) MO Dyes

anionic dyes. Anionic dyes that will be used in this study are
congo red (CR), direct green (DG), direct yellow (DY), and methyl
orange (MO). Figure 1 shows the chemical structure of each dye.
The pre-treated macroalgae will be characterized using FT-IR to
ensure that the macroalgae used is E. cottonii.

2. EXPERIMENTAL SECTION

2.1 Materials and Characterizations
The macroalgae E. cottonii was collected from the marine waters
of Maluku, Indonesia. Distilled water (H2O), congo red (CR),
direct yellow (DY), methyl orange (MO), and direct green (DG).
Macroalgae were characterized using a Shimadzu Prestige-21
FTIR spectrophotometer, and the absorbance measurements of
the dye’s solution were conducted using a UV-visible Biobase
spectrophotometer UV BK-1800PC.

2.2 Preparation of Macroalgae E. cottonii
E. cottonii is washed thoroughly to remove dirt and salt that is
still attached. The wash is carried out repeatedly. Macroalgae
was rinsed with distilled water and oven-dried for 5 hours at
80°C to remove the water content (Farobie et al., 2022). Dried
macroalgae were then mashed and sifted using a 200 mesh and
characterized using FT-IR.

2.3 Selectivity to Anionic Dyes
Selectivity tests were conducted by combining all anionic dyes
in a solution of 20 ml, each dye having a concentration of 50
mg/L. Subsequently, 0.02 g of each adsorbent was introduced into
the dye mixture, and the wavelength was measured within the
range of 400–700 nm at intervals of 0, 2, 4, 6, 8, and 10 minutes
(Wibiyan et al., 2023).

3. RESULTS AND DISCUSSION

3.1 Characterization of Macroalgae E. cottonii
The research conducted by Kim et al. (2010) and further dis-
cussed by Puspawati et al. (2015) unveiled that E. cottonii com-

prises approximately 7.11% cellulose. Additionally, Prakoso et al.
(2018) performed an ultimate analysis on E. cottonii, revealing its
composition: 21.11% Carbon, 4.26% Hydrogen, 0.35% Nitrogen,
57.73% Oxygen, and 2.97% Sulfur. Figure 2 illustrates the FTIR
spectrum of the macroalgae E. cottonii. The vibrational peak at
3425.58 cm−1 is attributed to the -OH group, while the spectra at
2924.09 cm−1 and 2854.65 cm−1 are associated with C-H aliphatic
bonding. The peak at 1636.64 cm−1 indicates the vibration of the
C=N bond. The peaks at 1520 cm−1 correspond to the stretching
of the aromatic groups present in lignin (Jumaidin et al., 2017).
Additionally, the spectrum at 1373.32 cm−1 corresponds to the
C C bond in aromatic compounds, while the peak at 1000-1200
cm−1 is linked to the bonding of C-O in ethers and alcohols.
The spectrum at 848.64 cm−1 corresponds to the C-H bonds in
aromatic compounds, and peaks around 700 cm−1 indicate the
bond vibration of N-H (amino group) (Jalilian et al., 2024; Lu
et al., 2018).

According to Prakoso et al. (2018), the intensity of the O H
bond peak around 3500 cm−1 will decrease if a hydrothermal
process is carried out on the macroalgae due to the dehydration
of the macroalgae. The peak around 2900 cm−1 attributed to
C H aliphatic will also decrease, indicating the breakdown of
some aliphatic long chains. Furthermore, the peaks around 1600
cm−1 and 1000 cm−1 will also decrease due to the removal of
inorganic carbonate from raw materials and the breaking of
C O linkages during the hydrothermal process.

3.2 Adsorption Selectivity of Anionic Dyes
In this study, the selective adsorption of four anionic dyes -
congo red (CR), methyl orange (MO), direct yellow (DY), and
direct green (DG) - was examined at identical concentrations.
Each dye had a distinct wavelength, with congo red at 495 nm,
methyl orange at 464 nm, direct yellow at 412 nm, and direct
green at 623 nm. The macroalgae E. cottonii was utilized as the
adsorbent material. The adsorption process involved mixing
each dye with 0.02 g of the adsorbent and shaking the mixture
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Figure 2. FTIR Spectrum of E. cottonii

Figure 3. Selectivity of Anionic Dyes by E. cottonii

for intervals of 0, 2, 4, 6, 8, and 10 minutes. The wavelength
was measured at each interval to determine which dye exhibited
the highest selectivity for absorption into the macroalgae. The
results revealed that among the four anionic dyes tested, methyl
orange displayed the greatest selectivity. Figure 3 illustrates that
methyl orange, the most selectively adsorbed dye, experienced
the highest level of absorption on each adsorbent at a wavelength
of 412 nm. Understanding the selectivity of dye adsorption is
crucial as it provides insights into the adsorbent’s capability to
absorb specific dyes, which can have implications for wastewater
treatment and environmental remediation processes.

4. CONCLUSIONS

In this study, the characterization of macroalgae E. cottonii shows
that in the dried E. cottonii material, there are C O, O H, N H,
C C, and C N bonds derived from organic compounds in E.
cottonii content. The study’s results show that macroalgae E.
cottonii is selective to adsorb anionic dyes. Specifically among
the congo red, direct green, direct yellow, and methyl orange, E.
cottonii most selectively adsorbs methyl orange, indicating that
E. cottonii has potential as a good anionic dye adsorbent.
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