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Abstract. Sulistiyani Y, Sabdono A, Afiati N, Haeruddin. 2021. Fucoxanthin identification and purification of brown algae commonly
found in Lombok Island, Indonesia. Biodiversitas 22: 1527-1534. Fucoxanthin is a significant carotenoid pigment found in brown algae.
Fucoxanthin is the most human-exploited pigment in brown algae due to its health benefits such as antioxidant, anti-diabetic, anti-obesity,
anti-cancer, and anti-inflammatory activities. Therefore, fucoxanthin has been mass-produced on an industrial scale as a food supplement.
This work focused on identifying, purifying and comparing the fucoxanthin yield diversity at one study site quantitatively. Three brown
algae commonly found in Lombok waters have been studied in this work: Sargassum cf. granuliferum, Sargassum polycystum, and
Sirophysalis trinodis. Fucoxanthin was successfully identified using HPLC methods, TLC and Spectra absorption analysis. Using HPLC,
fucoxanthin was identified at 450 nm wavelength, with a retention time of 3.088-3.095 min. Based on the TLC result, the Rf value of
fucoxanthin is 0.46-0.47, while the spectra absorption maxima are 447.6-448.4 nm. The highest fucoxanthin yield was found in S.
polycystum, followed by S. cf. granuliferum and Sirophysalis trinodis with 3.01 ± 0.01 mg/g, 2.21 ± 0.002 mg/g, and 0.95 ± 0.01 mg/g,
respectively.
Keywords: Fucoxanthin, Lombok, Sargassum cf. granuliferum, Sargassum polycystum, Sirophysalis trinodis

INTRODUCTION
Numerous previous studies have revealed many
secondary metabolites produced by brown algae (family
Phaeophyceae). These metabolites are alginate (Fertah et al.
2017; Setyawidati et al. 2018; Wen et al. 2016), laminarin
(Kadam et al. 2015), fucoidan (Zorofchian Moghadamtousi et
al. 2014), phlorotannin (Stiger-Pouvreau et al. 2014),
diterpene (El Shoubaky and Salem 2014), bromophenol
(Shi et al. 2010), oxylipin (Ritter et al. 2008), glycoprotein
(Go et al. 2010), fucan (Will Castro et al. 2016), chromene
(Kim et al. 2012), a polyphenol (Tanniou et al. 2014), and
fucoxanthin (Zhang et al. 2015). Fucoxanthin is an orangecolored pigment that gives a brownish color to brown algae
and has high biological activity. This compound has a
unique structure, containing Alene and 5,6-monoepoxide
bonds (Yip et al. 2014). It is produced from carotenoid
pigments' biosynthesis, and 10% of total carotenoids are
found in marine waters (Peng et al. 2011). Fucoxanthin
plays an essential role in photosynthesis, besides
chlorophyll. Among many brown algae species, Sargassum
species are well known as a source of fucoxanthin, whereas
Sirophysalis sp. is hardly known.
Technically, marine seaweed taxa are divided by their
pigment contents. Pigments are bioactive materials
classified into secondary metabolite categories involved in
environmental biotic and abiotic stress response (Muranaka
and Saito 2010). In brown algae, fucoxanthin is a specific
carotenoid pigment, which is the primary orange-brown
pigment in addition to chlorophyll a, chlorophyll c, and β-

carotene (El Gamal 2010). It plays an important role
together with the chlorophyll in photosynthesis (Mikami
and Hosokawa 2013). Recently, fucoxanthin has attracted
attention because of its essential role in health issues.
Several studies have proposed that fucoxanthin is a
highly bioactive compound. Its activities include
antioxidant, anti-cancer, anti-diabetic (Sudhakar et al.
2013), anti-obesity (Hitoe and Shimoda 2017), antibacterial
(Rajauria and Abu-Ghannam 2013), antimelanogenesis
(Berthon et al. 2017; Thomas and Kim 2013), and antiinflammatory (Berthon et al. 2017) activities. Therefore,
fucoxanthin is produced on an industrial scale as a food
supplement of high economic value. Although fucoxanthin
can be synthesized artificially, natural fucoxanthin is a
better alternative because of its availability, environmental
friendliness, and cost-effectiveness (Lourenço-Lopes et al.
2020).
Lombok waters (West Nusa Tenggara Province,
Indonesia) are influenced by the Indian Sea and Pacific
Sea. This condition creates a singular increase in nutrients
in the coastal ecosystem of Lombok waters compared with
other waters (Harvianto et al. 2015). The government
promotes marine algae cultivation, mainly red algae, as the
premium product of this region. In addition to red algae,
attempted cultivation of brown algae has also been
undertaken, but these efforts did not yield promising results
and were eventually ceased. The development of brown
algae has been hindered by the lack of information on
fucoxanthin diversity and yield. To begin production,
knowledge of the algae species that perform best in
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fucoxanthin quality and quantity is crucial. Several studies
have reported fucoxanthin's content and the factors that
influence its production (Lourenço-Lopes et al. 2020).
Each algal species has a different fucoxanthin yield,
depending on the environment (Lourenço-Lopes et al.
2020), solvent (Ismail et al. 2016), and treatment process
(Ismail et al. 2016; Susanto et al. 2016). The higher the
fucoxanthin content, the higher the biological activity
(Sivagnanam et al. 2015). Therefore, it is deemed
necessary to determine the fucoxanthin proportion of
several brown algae in the Lombok waters. This work
focused on the quantitative comparison of fucoxanthin's
proportion from several brown algae to determine
fucoxanthin content diversity.

MATERIALS AND METHODS
Study area
The study area was located at Ekas Bay (Figure 1), the
largest bay in Lombok Island (>50 km2; Setyawidati et al.
2018), West Nusa Tenggara Province, Indonesiawhich has
a large distribution area for brown algae. This semienclosed bay is directly adjacent to the Indian Ocean and is
traversed by currents from the Pacific Ocean. Currently, it
is used as a strategic aquaculture location for several kinds
of marine life, whereas the land area is primarily residential

and agricultural. The algae sampling locations were along
the shoreline (influenced by tides) to a depth of 3 m
(always inundated). The location coordinates are -8°52'29",
116°27'14"; -8°50'54", 116°23'37" and -8°52'52", 116°27'7".
Procedures
Sample preparation
Three species of brown algae were cleaned from
substrate materials and attached epiphytic animals. Each
species was identified using molecular analysis (following
Yoshida et al. 2000) and prepared for fucoxanthin
purification. The samples were cut using scissors to obtain
materials measuring 1 cm each.
Pigments extraction
Two hundred and fifty grams (250 g) of the leaves were
macerated using a solvent mixture (acetone: methanol (3:7,
v/v)) (Haugan et al. 1992). The leaves part was known to
have the highest fucoxanthin content (Zailanie and
Purnomo 2017), Ca2CO3 as a neutralizing reagent, and
vitamin C antioxidant was added to avoid pigment
degradation. The extract was then partitioned using a
mixture of diethyl ether, water, and a saturated salt
solution. The diethyl ether fraction (green fraction) was
maintained as a crude extract. It was dried using nitrogen
gas and stored at 5 °C until analyses.

Figure 1. Ekas Bay, Lombok, Indonesia indicating the sampling sites of brown algae (red dots)
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Table 1. HPLC parameters
Parameters

Condition

Column
Mobile phase
Flow rate
Column temp.
Detector
Injection volume
Running time

YMC-Triat C18 (250 mm x 4.6 mm, 5 µm)
Methanol: Acetonitrile (70:30)
1 mL/min
30 ºC
UV-Vis Detector (λ = 450 nm)
20 µL
6 minutes

HPLC analysis
Fucoxanthin content was analyzed qualitatively using
high-performance liquid chromatography (HPLC). The
procedure followed the specifications of HPLC conditions
by Terasaki et al. (2009), with a silica particle size of 5 µm.
The crude extract (0.5 mg) was dissolved in 5 mL of
methanol and filtered. Approximately 20 μL of the extract
was injected into the HPLC column. Pigment composition
was detected at 450 nm. Fucoxanthin detection was based
on the chromatogram's peak area, compared with the
standard fucoxanthin curve (C42H58O6; NATChrom). This
standard was an all-trans fucoxanthin pigment prepared
from Padina australis with a purity of 99%. HPLC
conditions used at this work is shown in Table 1.
Fucoxanthin purification
Fucoxanthin purification was executed by the column
chromatography procedure of Lourenco-Lopes et al. (2020)
with modifications. This analysis was conducted in two
steps to maximize separation:
The liquid-liquid separation step was performed to
partition non-polar fractions. Methanol (5-10 mL) was
added to dissolve the crude extract and then partitioned
using 50 mL of n-hexane solvent. The methanol fraction
was collected and subjected to column chromatography
analysis. This step was conducted to separate the non-polar
fractions properly.
The column chromatography procedure started by
soaking the silica gel overnight in n-Hexane before use.
The n-Hexane usage was to make sure the non-polar
compounds are eliminated. The fractions were partitioned
using a combination solvent of ethyl acetate and methanol
(3:1,v/v). Firstly, ethyl acetate was applied to eliminate
fucoxanthin from the column. The solvents pouring was
passed via the column side slowly so that the silica bed is
not disturbed. After the solvent's addition, an orange and
green fraction was separated, and the active target was the
orange fraction. The green part is more polar than the
orange. Every 10 mL out of the column faucet is separated
during the process to ensure that the fucoxanthin is pure.
Solvent addition was performed gradually to avoid mixing
with more polar compounds. All processes were conducted
under minimum light conditions.
TLC analysis
Thin-layer chromatography (TLC) followed Rajauria
and Abu-Ghannam(2013) procedure with slight
modification. This analysis was performed to confirm the
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presence and composition of fucoxanthin. The pigment's
crude extract was analyzed using silica gel GF254
(stationary phase) and a solvent combination of hexane:
ethyl acetate: methanol (6:3:1; v/v/v; mobile phase). The
pigments' color spots were visualized under daylight, and
the retardation factor (Rf ) value was calculated.
Spectra absorption analysis
The analysis procedure of Li et al. (2018) was used in this
section. Spectra absorption analysis is to determine the
spectra pattern and absorption of fucoxanthin by Uv-Vis
spectroscopy measurement. Pure fucoxanthin was diluted
in 3 mL ethanol. The dilution was determined in the
wavelength range of 300 to 600 nm. Spectra absorption of
each peak was observed, compared with the fucoxanthin
standard.
Data analysis
All measurements were performed in triplicate, and all
data values are expressed as the mean ± standard deviation.
The fucoxanthin content data were analyzed statistically
using a t-test (α < 0.05) (PSPP Software Statistical
Analysis).

RESULTS AND DISCUSSION
Crude pigment extraction
Three brown algae species were identified molecularly
as Sargassum cf. granuliferum, Sargassum polycystum, and
Sirophysalis trinodis (Figure 2). Crude extracts of pigments
from fresh brown algae from Ekas Bay were prepared in
acetone:methanol solvent (3:7, v/v). The estimated yields
of the extracts of S. cf. granuliferum, S. polycystum, and
Sirophysalis trinodis were 1.43 ± 0.01 g/100 g, 1.24 ± 0.01
g/100 g, and 1.48 ± 0.01 g/100 g, respectively.
HPLC analysis
The HPLC chromatogram HPLC for fucoxanthin was
launched at 450 nm. As shown in Figure 3, the
chromatogram indicates that the peak pattern and
resembling retention time were the same as the fucoxanthin
standard. The retention time of S. cf. granuliferum, S.
polycystum, and Sirophysalis trinodis was 3.095, 3.091 and
fucoxanthin standard was 3.00 min.
Fucoxanthin purification
Column chromatography was performed to purify
fucoxanthin using n-hexane, ethyl acetate, and methanol as
the solvents. Initially, the crude extract was partitioned into
n-hexane and methanol. The non-polar n-hexane fraction
was discarded, whereas the methanol fraction was
subjected to column chromatography. The methanol
fraction contained green and orange pigments. Green
indicated chlorophyll c, whereas orange indicated
fucoxanthin. Afterward, the rich fucoxanthin extract
(methanol fraction) was gradually separated, and orange
pigments were targeted. The final pure fucoxanthin was
then weighed (Table 2).
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Figure 2. Brown algae commonly found in Lombok-Indonesia, A. Sargassum cf. granuliferum; B. Sargassum polycystum, and C.
Sirophysalis trinodis. Bar = 2 cm

Figure 3. Chromatogram of brown algae crude extract. A. Fucoxanthin standard; B. S. cf. granuliferum; C. S. polycystum, D.
Sirophysalis trinodis
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Figure 4. Fucoxanthin spectrum pattern. A. Fucoxanthin standard; B. S.cf. granuliferum; C. S. polycystum, D. Sirophysalis trinodis

Table 2. Fucoxanthin content of three brown algae from Lombok
waters, Indonesia
Species

Fucoxanthin (mg/g)

S. cf. granuliferum
2,21 ± 0,002a
S. polycystum
3,01 ± 0,01b
Sirophysalis trinodis
0,95 ± 0,01c
Note: Different letters (a, b, and c) indicate a significant
difference in fucoxanthin content (t-test, α<0.05)

Spectra absorption analysis
Pure fucoxanthin was identified by using spectra
absorption maxima and spectra pattern. The spectrum
pattern of fucoxanthin was compared with the fucoxanthin
standard. The spectra absorption of fucoxanthin standard
was 447.6 nm. The spectra absorption maxima for
Sargassum cf. granuliferum, Sargassum polycystum and C.
Sirophysalis trinodis was 448.2 nm, 448.4 nm and 447.6
nm, respectively. The spectrum pattern is shown in Figure
4.
TLC analysis
The TLC analysis was performed by using the same solvent
composition as the chromatographic column. Rf value of each
algae species fucoxanthin was observed and compared by the
Fucoxanthin standard Rf. The Rf value of standard was 0.46,
followed by Sargassum cf. granuliferum, Sargassum

polycystum, and C. Sirophysalis trinodis was 0.47, 0.46 and
0.46, respectively. The TLC analysis result was shown in
Figure 5.

A

B

C

D

Figure 5. TLC analysis of brown algae fucoxanthin. A.
Fucoxanthin standard; B. S.cf. granuliferum; C. S. polycystum, D.
Sirophysalis trinodis

Discussion
The species studied herein were brown algae commonly
found in Lombok waters, i.e., S. cf. granuliferum, S.
polycystum, and Sirophysalis trinodis. They were
molecularly identified by the procedures described by
Yoshida et al. (2000). Ekas Bay is dominated by this
vegetation extending from the east to the center. The water
body is characterized by low water turbidity and low
suspended material (Setyawidati et al. 2018).
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The estimated yield of brown algae extract in this study
was almost the same as that of other brown algae with
different solvents. Sivagnanam et al. (2015) reported that
the estimation yield of Sargassum japonica's crude extract
was 1.24 ± 0.06 g/100 g, and Sargassum horneri was 1.42
± 0.08 g/100 g. The solvent used was acetone: methanol
(1:1, v/v). Whereas using hexane solvent, S. japonica's
estimation yield was 1.22 ± 0.12 g/100 g, and S. horneri
was 1.36 ± 0.14 g/100 g.
There are a few items that need to be considered
regarding pigment identification in this work, including (i)
HPLC used the retention time and peak, which were then
compared with those the standard pigments; (ii) TLC used
the pop-up spot and Rf, and (iii) Spectra absorption used to
determine the absorption peak. Combining these methods
allowed us to confirm the fucoxanthin more precisely.
Indeed, numerous studies have applied these powerful
methods
(Abu-Ghannam
and
Rajauria
2013;
Kartikaningsih et al. 2017; Li et al. 2018; Peraman and
Nachimuthu 2019).
Yip et al. (2014) confirmed that TLC and HPLC data
could ascertain fucoxanthin in the crude extract. Another
prominent peak appeared close to all-trans fucoxanthin's
peak (Figure 3). Those peaks exhibited the presence of
fucoxanthin cis isomers. As shown in Figure 3, retention
times in S. cf. granuliferum were 3.715, 4.019, and 5.348,
S. polycystum 3.707, 4.003, and 5.328, and Sirophysalis
trinodis 3.708, 4.011, and 5.348. Similar peaks of cisisomer fucoxanthin were also detected on Cystoseira
hakodatensis and S. horneri. According to the HPLC result
at a retention time of 6.8-7.7 min (Terasaki et al. 2012),
Sargassum binderi at 3.260-4.052 min, and Undaria
pinnatifida at 5.5-6 min (Piovan et al. 2013).
In the final purification, the pigment sequence was
determined using the TLC analysis. The fucoxanthin was
compared using the fucoxanthin standard to ensure the
fraction target. The TLC analysis was launched at the same
chamber and at the same time to avoid any Rf variation
(Rao and Shil 2019). The pure fucoxanthin reserved has the
same Rf value as the standard. It presumed that the
fucoxanthin was the same as the standard. The highest
fucoxanthin content was obtained from S. polycystum at
3.01 ± 0.01 mg/g, followed by S. cf. granuliferum and
Sirophysalis trinodis. Even though the brown algae were
from the same bay, the fucoxanthin yields varied. The
diversity of fucoxanthin content could depend on the algae
species, location, and season (Terasaki et al. 2017).
Comparing brown algae from tropical waters, Terasaki et
al. (2017) showed that fucoxanthin production was higher
in winter, particularly under low-light exposure intensity.
The fucoxanthin yield in this study was relatively high
compared with several other species (Table 3).
The high yield of fucoxanthin of S. polycystum is
presumed to be caused by its very high density, reaching
219.75 ind/m2, compared with S. cf. granuliferum (13.25
ind/m2) and Sirophysalis trinodis (10.5 ind/m2). The high
individual density of S. polycystum leads to high
competition for light for photosynthesis.

Table 3. Fucoxanthin concentration of brown algae
Species
Sargassum binderi
Sargassum duplicatum
Sargassum polycystum
Sargassum thunbergii
Padina sp
Turbinaria sp

Fucoxanthin
yield (mg/g)
0.73 ± 0.39
1.01 ± 0.10
0.248
1.5 ± 0.2
0.38±0.046
0.38±0.046

References
Jaswir et al. (2012)
Jaswir et al. (2012)
Limantara (2010)
Wang et al. (2017)
Sudhakar et al. (2013)
Sudhakar et al. (2013)

Therefore, fucoxanthin production could increase the
efficiency of sunlight capture. Malta et al. (2003) stated
there is a trend of increasing photosynthetic pigment
content along with the increasing demand for sunlight.
Moreover, it is supposed that this high density causes stress
on algae. High density is one of the algae's biotic stresses,
even causing algal death (Andrew and Viejo 1998; PérezPérez et al. 2012). Algal mechanisms when dealing with
stress is antioxidant management. Antioxidant production,
such as fucoxanthin, is increased to prevent excess reactive
oxygen species production (Rezayian et al. 2019). Similar
presumes supported by Erdoğan et al. (2016), enrichment
of fucoxanthin production could be observed by enhancing
oxidative stress conditions.
Sargassum polycystum is highly influenced by tides,
being submerged at high tide and exposed at low tide. This
situation can trigger oxidative stress and stimulate the
increased secretion of fucoxanthin. Fucoxanthin is a
secondary metabolite secreted because of ecological
responses (Sampaio et al. 2016) and exposure to waves
(Misurcova 2011). Additionally, its growth on the beach is
close to residential areas, around coastal waters dominated
by densely populated settlements and agricultural activities.
This condition allows increased nutrient availability from
the mainland and leads to a high secretion of secondary
metabolite, as noted by Boderskov et al. (2015); algae with
the highest fucoxanthin grow in areas with high nutrient
availability.
In conclusion, our results showed that the fucoxanthin
yield of three species of brown algae was diverse. S.
polycystum has the highest fucoxanthin yield, followed by
S. cf. granuliferum and Sirophysalis trinodis, as supported
by biotic and abiotic factors, high population density, tides,
and nutrient availability. The study could have implications
for the use of S. polycystum as a crop for fucoxanthin
production. However, these results need to be verified by
directly collecting biotic and abiotic data in the field.
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