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A b s t r a c t

The study attempted to obtain alginate and fucoxanthin from Sargassum polycystum C. 
Agardh using ultrasound-assisted extraction (UAE) and to correlate these with the water’s 
environmental condition. The alginate was extracted using an acid pathway, the fucoxanthin was 
quantified using high-performance liquid chromatography, and the trace element was obtained 
using an atomic absorption spectrophotometer (AAS). The nutrients and micronutrient 
composition of S. polycystum were dominated by carbohydrates (32.8; 1.6%), with the main trace 
elements being selenium, iron, copper, and zinc. The alginate was attributed to 8.98±0.1 pH, 
12.55±0.5% of water content, 22.63±0.9% of ash content, 70.28±0.5 Cps. of viscosity, and 
37.24±0.8% of yield. The extract was also containing fucoxanthin, which was relatively high 
(0.41–0.59 mg g-1). There was a favourable association between water quality and the content of 
alginate, fucoxanthin, and nutrition. According to the ultrasonication extraction process,  
S. polycystum could produce high-quality alginate with a high fucoxanthin content. 

Introduction
Seaweed as macroalgae is divided into three phyla based on the pig-

ment colours, which are brown seaweed (Ochrophyta, class Phaeophyta),  
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red (Rhodophyta), and green (Chlorophyta). More than 4400 species spread 
throughout the world, among which red species are the most abundant 
(Dawes 2016). Seaweed in Indonesia is an essential commodity, with  
9.3 million tons of cultivated products in 2018 (Fao 2020). The study con-
ducted by PusPita et al. (2020) stated the national production was still 
dominated by red seaweed species, specifically Kappaphycus alvarezii, 
Eucheuma spinosum, and Gracilaria sp., while Gelidium spp. and Sargas-
sum spp., are still based on the natural harvested. Sargassum is the most 
diverse brown seaweed and has been reported to dominate Indonesian 
waters in terms of biomass and abundance, especially in the intertidal 
zone (wouthuyzen et al. 2016, setyawiDati et al. 2018, sumanDiarsa  
et al. 2020b).

One types of Sargassum that is most often found in Indonesian waters 
is Sargassum polycystum. The study results by sumanDiarsa et al. 
(2021a), found the distribution of this species varied between locations 
and seasons in Indonesian waters. The nutrients contained was also rich 
with carbohydrate is the highest, between 40–50% dry weight (Kumar  
et al. 2015, Praiboon et al. 2018, salosso 2019). In addition, the micro-
nutrients contents such as iron (Fe), manganese (Mn), and iodine (I), were 
relatively high, which has potential to be used as additives in sea-
weed-based food and non-food products (Flores et al. 2015, CirCunCisão 
et al. 2018, sumanDiarsa et al. 2020a).

Alginate, as a polysaccharide, has been extracted from Sargassum 
seaweed, with the characteristics were comparable to those main resources. 
Currently, the largest alginate producers were Laminaria spp., Lessonia 
spp., and Macrocystis, accounting for 89% of world production (Porse and 
ruDolPh 2017). Several studies showed Sargassum produced a variation 
of alginate yields, such as about 8.5–45.54% from S. cristaefolium (sugiono 
et al. 2019), 23% from S. natans, and 17% from S. vulgare (rhein-KnuD-
sen et al. 2017), 12.09–25.77% and 28.22% from S. polycystum (Dhar-
mayanti et al. 2019, sumanDiarsa et al. 2020a), and about 24% from Sar-
gassum sp. (mohammeD et al. 2020).

Meanwhile, fucoxanthin as bioactive compound was also reported as 
valuable composited and found quite high in Sargassum, essentially in  
S. horneri (3.7 mg g-1) and S. cinereum (0.179 mg g-1), as well as Sargas-
sum sp. (0.47 mg g-1) (Kumar et al. 2013, nursiD et al. 2015, renhoran 
et al. 2017, miyashita et al. 2020). Thus, bioactive contents found varied 
depending on species, habitat temperature, depth, season, and the use of 
extraction method (PáDua et al. 2015, terasaKi et al. 2017). 

In response to the information stated above, the purposed of this study 
is to determine the effect of employing ultrasound-assisted extraction 
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(UAE) in the production of alginate and fucoxanthin from S. polycystum, 
as well as the influence of water quality on the habitat. 

Materials and Methods

Sampling location

Brown seaweed Sargassum polycystum was taken from Tidung island 
waters in October 2019 (Figure 1). The location characteristics were flat 
and coral formed islands with classic sandy, muddy, and dead coral sedi-
ment. Anthropogenic pressure seems to be a big problem on Tidung Island, 
caused by the dense population (4,651 people km-2) and tourism activities. 
The limitation of rainfall has also reduced the flow of organic matter to the 
coastline, in consequence, it was less fertile. However, Sargassum were 
still grow well and dominated as attached to the dead corals or any con-
crete substrate. 

Fig. 1. Research location at Tidung Island, Seribu Island District, Jakarta
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Research procedures

Sample collection and preparation

Seaweed samples were taken at optimal low tide with a depth between 
15–30 cm. The distance between sampling points was approximately 
50 meters parallel to the shoreline. Sample preparation was divide based 
on nutrition and alginate extraction purposes which were using dried 
samples, while fucoxanthin extraction from fresh pieces. Drying is done by 
dried the sample directly under the sunlight for two days, then stored dry 
until the next test. Fresh samples were prepared through a cleaning pro-
cess with seawater, then stored in Ziplock plastic that had been given 90% 
ethanol. The samples were then stored in Styrofoam boxes provided ice to 
keep them cool and protected from direct sunlight. Furthermore, the sam-
ples were stored in cold storage with a temperature of -23oC before further 
analysis. 

Water quality

Parameters measured were dissolved oxygen (DO), pH, temperature, 
salinity, brightness, nitrate, phosphate, and ammonia. Physical chemistry 
parameters were measured directly at the research site (in situ) using the 
multi-parameter testing tool 1P67 Combo 8630. The nitrate, phosphate, 
and ammonia parameters of seawater were tested using a UV–VIS spec-
trophotometer using the APHA method (2017).

Nutritional composition analysis

Proximate composition

The Determination includes water, ash, protein, fat, crude fibre, and 
carbohydrate content. Water content (%) analysis conducted by 2 grams 
sample and placed in an oven at 105oC for 3 hours. The oven-dried sample 
was placed in a desiccator until it cooled and then weighed. Ash content 
was tested through an ashing process using a muffle furnace at a tempera-
ture of 550oC until it was white and free of carbon. Samples were weighed 
after cooling from the desiccator. Both tests refer to the AOAC method. 
The protein content was analysed using the Kjeldahl method with a con-
version factor of 6.25, while the fat was tested by the gravimetric method, 
which refers to the AOAC standard. The crude fibre composition was 
tested using the H2SO4 destruction method followed by NaOH; then, the 
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measurements were based on the weighing results after the heating pro-
cess in the Furnace (AOAC 2005). The carbohydrate content of the sample 
is calculated based on the by difference, which is 100% – (moisture + ash + 
protein + fat + crude fibre).

Trace elements content

The content of micronutrients in the form of Barium (Ba), Selenium 
(Se), Iron (Fe), Manganese (Mn), Copper (Cu), Zinc (Zn), and Molybdenum 
(Mo). 5 g of crushed dry samples were acidified using 5 ml of HNO3, then 
stirred. The stirred sample was put in a 100 ml measuring cup, then added 
5 ml of HCl and heated in a steam bath for 15 minutes. Then the sample 
was filtered using filter paper (polycarbonate) with a size of 0.40–0.45 m 
and added 100 ml of distilled water, stirred again, and analysed with AAS 
Pin Aacle 900 H with a detection limit of 0.001 mg kg-1 with the APHA 
method, 23rd Edition in the Proling laboratory of IPB.

Alginate extraction and characterization

Alginate extraction using ultrasonication method (Ultrasound-as-
sisted extraction) based on research by youssouF et al. (2017). A total of 
25 grams of sample was immersed in 250 ml of 80% ethanol then filtered, 
then extracted on an ultrasonic device in Na2CO3 solvent. The Ultrasound 
was run at 35 kHz for 30 minutes. Furthermore, the precipitation was 
using a 99% technical isopropyl alcohol solution. All chemicals were pur-
chase from Mallinckrodt chemical, USA.

Alginate yield. Alginate yield was calculated based on the extraction 
result after the drying process (sodium alginate flour) against the dry 
weight of the raw material, as figured out below.

Water content

The moisture content was obtained from the oven method, namely 
a 2 g sample was heated in an oven at 105oC for 4 hours, then the weighing 
was carried out after the sample in the desiccator had cooled. The percent-
age difference in weight produced is recorded as water content.
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Ash content

The ashing method done under a muffle furnace at a temperature of 
550oC. A percentage difference between the sample that has become ash 
and the initial sample is recorded as ash content of alginate.

Viscosity

Determination of alginate viscosity was carried out using a viscometer 
spindle (TV-10). alginate sample about 2.5 g dissolved in 50 mL of 20% 
Na2CO3 at a temperature of 80oC, then poured into a viscometer tube and 
set at a speed of 60 rpm. The resulting viscosity value is expressed in cen-
tiPoise (cP).

Alginate pH

About 3 g of the samples was dissolved into 197 ml of distilled water. 
Then, the solution was heated at 80oC for 10 minutes until the alginate was 
completely dissolved. After the temperature dropped to 250oC, pH mea-
surements were carried out using the IONIX pH5S Spear pH Tester.

Extraction and determination of fucoxanthin content

Extraction using Ultrasound Assisted Extraction (UAE) LC60H made 
in Germany with 90% Acetone solvent from Mallinckrodt chemical, USA 
(Pro analyst) with a ratio of 1:6 weight/volume. The frequency of the Ultra-
sound water bath was 35 kHz with an extraction temperature of <30oC 
within 120 minutes, where the method was a modification from Kawee ai 
et al. (2013). The resulting filtrate was then centrifuged at 4oC and a speed 
of 4,000 rpm for 20 minutes, then filtered with Whatman 2 paper and 
evaporated by using a Heidolph HB control rotary evaporator made in 
Germany. The evaporated solid was then diluted with 10 ml of ethanol and 
followed by centrifugation at a speed of 3000 rpm for 20 minutes at 4oC. 
Then the samples were freeze and stored at freezing temperatures (-20oC) 
before being quantified by HPLC. The fucoxanthin content was analysed 
using a Shimadzu LC-20A High-Performance Liquid chromatography 
(HPLC) equipped with a UV–Vis detector and separated using a C18 
(20 mm x 250 mm) column (Luna Phenomenex). The mobile phase is HPLC 
grade water (solvent A) and acetonitrile (solvent B) with gradient elution 
system: 0 minutes, 80:20 (v/v) A: B, flow rate 15 mL/minute, for 30 min-
utes, and injection volume 2 mL. The detection wavelength was 254 nm, 
and the column temperature was 30oC. The amount of fucoxanthin in mg/g 
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was obtained from converting the area of the active fraction of the sample 
to the standard fucoxanthin curve. The fucoxanthin standard was obtained 
from Sigma-Aldrich, Germany.

Statistical analysis

All data are displayed with the mean and standard deviation. The 
response of the habitat environment to the content of nutrients, alginate, 
and fucoxanthin was analysed using Canonical Correspondence Analysis 
(CCA) multivariate statistics. Statistical analysis performed by Past Sta-
tistical Software V4.02 (hammer 2020).

Results

Proximate and trace element contents

The study found that carbohydrate content of S. polycystum was the 
most dominant, reaching 32.8%, followed by ash content (18.2%). The fat 
and protein contents showed the opposite, which was only 0.6 and 1.45%, 
respectively. Besides, the highest micronutrient was iron content of 
 0.219 mg kg-1, followed by zinc, copper, and selenium. In contrast, three 
trace elements were not detected, which were barium, manganese, and 
molybdenum. Proximate composition and micronutrient contents are pre-
sented in Table 1.

Table 1
Proximate and micronutrient composition of S. polycystum (n = 3; mean ±SD)

Test parameters Amount
Water [%] 18.2 ±0.5
Ash [%] 26.9±0.9

Proteins [%] 1.45±0.1
Fat [%] 0.61±0.08

Crude fibre [%] 20.02±1.5
Carbohydrates [%] 32.8±1.6
Barium [mg kg-1] 0

Selenium [mg kg-1] 0.0011±0.0001
Iron [mg kg-1] 0.219±0.07

Manganese [mg kg-1] 0
Copper [mg kg-1] 0.0083±0.0006

Zinc [mg kg-1] 0.0.0143±0.003
Molybdenum [mg kg-1] 0
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Characteristics of ultrasonication extracted alginate

The results obtained from alginate characterization is presented in 
Table 2, which showed a high yield that more than 37%. The ash and 
water content levels indicated that the alginate was still in compliance 
with commercial standards, as they only reached 12.55 and 22.63 percent, 
respectively. The viscosity value, which was 70 Cps in this study, is one of 
the most important parameters in determining alginate quality. It is indi-
cated that S. polycystum has the potential to be a resource for alginate. 
This is also supported by a reasonably good pH value of 8.98. 

Table 2
 Characteristics of alginate (n = 6; mean±SD)

Parameter Value

Yield [%] 37.24±0.8

Water content [%] 12.55±0.5

Ash Content [%] 22.63±0.9

Viscosity [Cps] 70.28±0.5

pH 8.98±0.1

Fucoxanthin content of S. polycystum

The total fucoxanthin extracted from S. polycystum is presented in 
Table 3. Extraction of bioactive from macroalgae using Ultrasound is an 
environmentally friendly method (green extraction method/technology). 
The amount of fucoxanthin obtained was relatively high, and there was no 
statistically significant difference between extractions, with the highest 
being about 0.59 mg g-1 and the lowest being about 0.41 mg g-1.

Table 3
 Fucoxanthin from S. polycystum seaweed. (n = 6; mean ±SD)

Extraction Total content [mg g-1]
1 0.436±0.006
2 0.413±0.02
3 0.59±0.02

Sea-water quality

Table 4 shows the physical and chemical conditions of the waters at 
the time of sampling and the environment of sampling site showed in  
Figure 2. DO levels indicate a fairly good requirement of seawater quality, 
which is also supported by pH conditions that are favourable. Further-
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more, the salinity is quite high (35.5‰), which corresponds to the average 
temperature of 27.5°C. Besides, the waters of the study site demonstrated 
good water fertility, with nitrate, phosphate, and ammonia levels of 0.34, 
0.02, and 0.86 mg L-1, respectively.

Table 4
 Water conditions in Tidung Island (n = 9; mean ± SD)

Water quality parameters Value 
DO [mg L-1] 6.53±0.8

pH 7.35±0.3
Temperature [°C] 27.50±0.1

Salinity [‰] 35.45±0.5
Brightness <1 meter [%] 100±0.0

Nitrate [mg L-1] 0.34±0.2
Phosphate [mg L-1] 0.02±0.001
Ammonia [mg L-1] 0.86±0.04

  

Environmental response to nutrient content, alginate, 
and fucoxanthin

Figure 3 depicts a biplot of canonical correspondence analysis results. 
According to the statistical analysis, there were variations in the data, 
with 70.1 percent and 29.9 percent contributions on axes 1 and 2, respec-
tively. It demonstrates that environmental variables have a strong influ-
ence on the characteristics studied. Environmental variables such as 
phosphate, DO, salinity, pH, and temperature all had different effects on 
alginate yield and carbohydrate percentage. The ammonia content of sea-
water, on the other hand, influences the majority of the proximate compo-
sition of seaweed, including fat, protein, ash, and water content. Further-
more, the iron microminerals found in S. polycystum were linked to pH, 
salinity, DO, and temperature. Zinc, copper, and selenium, on the other 
hand, had a negative response to these variables. The content of fucoxan-
thin was only associated with phosphate and was negatively correlated 
with nitrate and ammonia variables.

Fig. 2. Condition of sampling locations and samples of S. polycystum seaweed
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Discussion

Proximate and trace element contents

Carbohydrate’s content measured as general that were not differenti-
ated based on their constituent monomers. The abundance of carbohy-
drates was related to photosynthesis process and food storage function in 
seaweed thallus. The high percentage was relatively similar with previous 
studies, such as 33.49% in S. polycystum from Malaysian waters (matan-
jun et al. 2009) and 25% from Tamil Nadu, India (Perumal et al. 2019). 
The following essential nutrient was protein content with a lower concen-
tration compared to other types of Sargassum such as S. wightii reaching 
8–12% (Peng et al. 2015), while crude fibre is quite high at 20% when 
compared with S. wightii according to syaD et al. (2013) which reached 
17%. On the other hand, the ash content showed a fairly high concentra-
tion and was comparable to studies on the types of S. natans and S. vul-
gare of 16 and 34%, respectively (rhein-KnuDsen et al. 2017).

The content of micronutrients shows promising potential, with a trend 
from the highest to the lowest, namely iron > copper > selenium > zinc > 
manganese > barium > molybdenum. The last three elements were not 
detected or below the detection limit of the AAS tool. The concentration of 
this nutrient varies according to species and growing location, so it is 

Fig. 3. Results of the canonical environmental correspondence analysis and nutritional  
characteristics, alginate, and fucoxanthin content of S. polycystum
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widely used as a bioindicator of the aquatic environment, such as the pres-
ence of Cu, Mn, and Zn (brito et al. 2012, malea and KevreKiDis 2014, 
siregar et al. 2016). On the other hand, these micronutrients are useful for 
the human diet because they are needed in protein metabolism and enzyme 
formation (tsuji et al. 2016). Adequate concentration and regular intake of 
seaweed products that contain trace elements can help fulfil the diet.

Characteristics of ultrasonication extracted alginate

The yield of alginate extraction in yield characteristics is quite high 
compared to other Sargassum types, namely 13.7% of S. muticum (mazum-
Der et al. 2016) and S. aquifolium of 39.01% (setyawiDati et al. 2018). 
The yield of the same species but with different methods was recorded at 
12.09–25.77% from Banten waters, Indonesia (Dharmayanti et al. 2019) 
and 28.22% (sumanDiarsa et al. 2020a) from the waters of Lampung, 
Indonesia. The amount of alginate in Sargassum seaweed is influenced by 
various factors, including age, fertility phase, and water depth, affecting 
adaptation to nutrient availability in seawater (PAUL et al. 2020). Algi-
nate from S. polycystum is promising due to yield attributes; the utilisa-
tion of alginate also depends on the characteristics of viscosity, molecular 
weight, and monomer composition of mannuronic acid and guluronate 
(M/G). These rheological characteristics may vary due to biota conditions 
and habitat environment, such as the research results (sumanDiarsa  
et al. 2021b), which found variations in viscosity and M/G ratio in alginate 
from S. polycystum that grows in various small islands in Indonesia.  
The viscosity obtained was not high, 70.22 Cps, but it was comparable to 
the results of previous studies. It found that S. polycystum, which grew in 
Banten, Indonesia, reached a viscosity of 35.00–81.33 Cps (Dharmayanti 
et al. 2019) but lower than the type found in the same species grew in 
Lampung waters was 195.7 Cps (sumanDiarsa et al. 2020a).

The following characteristics are water content and alginate ash, 
which were detected at 12.55% and 22.62%. The composition of these two 
variables plays a role in determining the solubility of alginate required for 
its utilization. The water and ash content still followed the commercial 
alginate standard, namely 12% water content and 18–27% ash content 
(hernánDez-Carmona et al. 2013). On the other hand, the pH value of the 
alginate produced was relatively high. It was reaching 8.98, which is far 
above the commercial standard as found in research (KoK and wong 2018) 
on the type of S. polycystum in Malaysian waters, which is 7.42 and higher 
than the research results by maharani et al. (2017) of 7.2–7.77 in S. flui-
tans seaweed.
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We found that the extraction of alginate from S. polycystum by ultra-
sonication was able to produce alginate characteristics comparable to 
those produced by conventional extraction. According to research (yous-
souF et al. 2017), the Ultrasound-assisted extraction (UAE) method can 
increase the yield and does not damage the rheological characteristics of 
the resulting alginate. In addition, this method can minimize the use of 
chemicals, temperature, and extraction time (Flórez-FernánDez et al. 
2019). Based on these results, extraction using this method has promising 
potential. Thus, alginate utilization in the pharmaceutical and food world 
can be expanded due to supporting factors in physicochemical characteris-
tics such as viscosity, gel properties, strong water solubility, high stability, 
non-toxicity, and high biocompatibility (zhang et al. 2020).

Fucoxanthin content

Extraction of bioactive from macroalgae using Ultrasound is an envi-
ronmentally friendly method (green extraction method/technology). It refers 
to various advantages, namely producing good yields, using fewer chemi-
cals, environmentally friendly but capable solvent performance, and being 
more economical (Chemat et al. 2017, oKolie et al. 2019, tiwari 2015). The 
total fucoxanthin extracted from S. polycystum is presented in Table 3. 
The fucoxanthin obtained was relatively high between 0.41–0.59 mg g-1. 
These results are comparable with previous studies, including 0.47 mg g-1 
of Sargassum sp. taken from the waters of Lampung, Indonesia (ren-
horan et al. 2017) and around 0.155–0.587 mg/g of S. polycystum, which 
grows in western waters of Indonesia (renhoran et al. 2017, sumanDi-
arsa et al. 2021b).

The amount of fucoxanthin contained in macroalgae generally varies 
and is influenced by various factors such as natural conditions, type of 
species, age, and part of the thallus. The study results (heFFernan et al. 
2016, terasaKi et al. 2017) showed that habitat conditions and extraction 
methods resulted in varying amounts of fucoxanthin bioactive between 
species. This compound has excellent potential as a pharmaceutical ingre-
dient because it can be used as an antioxidant, anticancer, anti-obesity, 
and anti-inflammatory (heo et al. 2012, moghaDamtousi et al. 2014, 
gammone and orazio 2015, johnson et al. 2019).

Fucoxanthin produced from seaweed S. polycystum in this study 
showed great potential. Utilisation as an ingredient in medicines, cosmet-
ics, and other uses can be well explored due to the abundant biodiversity 
in Indonesian waters. One of the available potentials is the seaweed that 
grows on small islands such as Tidung Island, which has a large enough 
biomass and maintained habitat conditions. Sargassum polycystum is  
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a brown seaweed that can grow in almost all parts of Indonesia which gen-
erally has hard substrates such as dead coral, coral reefs, and coral debris 
(sumanDiarsa et al. 2021a). This biota can grow well and dominate the 
waters because of its adaptability and high tolerance to drastic environ-
mental changes (may-lin and Ching-lee 2013, muta harah et al. 2014, 
hoang et al. 2016).

Environmental condition

Tidung Island is a small island located in the Thousand Islands, 
Jakarta Bay, Indonesia, and is famous as a tourism destination. Anthro-
pogenic pressure on this island is large enough to affect the condition of 
the waters on this island. The physical and chemical conditions of the 
waters at the time of sampling were determined. As an area with a dense 
population and the dominance of tourism activities, the waters around 
Tidung Island are under relatively high pressure, as happened in various 
other islands with high tourism activities (Kurniawan et al. 2016). The 
measurement results of environmental conditions show that the waters 
around the island are still quite good, characterised by high DO, good ratio 
of nitrate and phosphate, and controlled ammonia content. However, there 
are differences with other studies in the waters of the Thousand Islands 
with higher DO (13.4 mg L-1) and lower salinity (30 permil) (wiDiarti  
et al. 2021).

Anthropogenic factors significantly affect the waters’ characteristics 
because organic materials can quickly enter the waters in large quantities. 
In addition to anthropogenic, climate change also significantly impacts 
coastal habitats, including macroalgae based on growth, distribution, and 
resilience (harley et al. 2012). Sargassum can grow in extreme environ-
mental conditions in the intertidal region, especially in limited nutritional 
conditions due to dynamic hydrodynamic processes (lalegerie et al. 
2020). The amount of biomass of this biota depends on the requirements of 
water fertility, namely the concentration of nitrate, phosphate, and ammo-
nia (hoang et al. 2016).

In general, the nutrients in the waters of Tidung Island are quite fer-
tile, as can be seen from the water quality parameters in Table 4. High 
water quality can support the growth of various biota well, thus spurring 
intense competition. These conditions also encourage these biotas to pro-
duce specific chemical defences that can threaten between biotas. Species 
with high adaptive capacity will survive and be characterized by dominant 
biomass (Puglisi et al. 2014, bui et al. 2018). The quality of the habitat 
may also be seen as an overview of the coastal conditions at the sample 
location shown in Figure 3.
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Environmental response to nutrient content, alginate,  
and fucoxanthin

Based on the canonical correspondence analysis results, there are 
variations in the data with contributions on axes 1 and 2 of 70.1% and 
29.9%, respectively. It proves that there is a strong response from environ-
mental variables to the characteristics studied. Environmental variables 
gave various responses, mostly in phosphate, DO, salinity, pH, and tem-
perature, which affected the alginate yield and carbohydrate percentage. 
On the other hand, the ammonia content of seawater affects most of the 
proximate composition of seaweed, namely fat, protein, ash, and water 
content.

Furthermore, the micro minerals of iron contained in S. polycys-
tum were associated with pH,  salinity, DO, and temperature. On the other 
hand, zinc, copper, and selenium gave a negative response to these vari-
ables. Fucoxanthin content showed remarkable results, which was only 
associated with phosphate and negatively correlated with nitrate and 
ammonia variables. The quality of seawater influences the nutrient con-
tent of Sargassum seaweed as wild macroalgae in its habitat. The study 
results (Perumal et al. 2019, Praiboon et al. 2018) stated that the season 
affected the aquatic conditions of the Sargassum habitat and significantly 
affected its nutritional composition, including the proximate composition. 
Seasonal variations that have an impact on water quality also affect the 
metabolic processes of macroalgae. So, the accumulation of macronutri-
ents can vary between species and between species that grow (balboa  
et al. 2016, D’armas et al. 2019). 

Metabolites as critical chemical compounds produced by macroalgae 
also vary among the same species, such as in the production of alginate 
and fucoxanthin. Alginate characteristics of Sargassum are positively cor-
related with environmental conditions such as water depths that have 
variations in seawater nutrients. The depth of 10 meters resulted in the 
highest alginate yield due to low nutrition, which forced this biota to adapt 
molecularly to produce more food reserves through the production of poly-
saccharides (Paul et al. 2020). On the other hand, fucoxanthin as a sec-
ondary metabolite is more influenced by the availability of light and the 
period of exposure to direct sunlight. Fucoxanthin content in S. polycys-
tum is strongly correlated with water fertility in nitrate, phosphate, and 
ammonia in the waters (sumanDiarsa et al. 2021b).

Based on the results obtained from this study, it was found that Sar-
gassum polycystum seaweed has the potential as a source of nutrients, 
both trace elements and macronutrients. Furthermore, ultrasonication 
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assisted extraction was able to produce better alginate and fucoxanthin 
than conventional extraction. Thus, extraction by ultrasonication can be 
suggested to have more prominent metabolites to be one of the best alter-
natives. This is supported by the results of previous studies by (borazjani 
et al. 2017, youssouF et al. 2017, Flórez-FernánDez et al. 2019, yuan  
et al. 2020), in which ultrasonication was able to produce alginate as 
a polysaccharide and fucoxanthin as part of bioactive carotenoids with 
high effectiveness.

Conclusion

Ultrasound-assisted extraction method to obtain metabolites from  
S. polycystum seaweed, namely alginate and fucoxanthin, is encouraging. 
It is evident from the quantitatively high number of compounds compared 
to conventional methods. The proximate composition of this species is 
dominated by carbohydrates and fibre and small amounts of protein and 
fat. However, the composition of trace elements is quite high in the form of 
iron, zinc, copper, and selenium, which humans need in the diet process.  
A total of 37.24% alginate with a viscosity of 70 Cps and 0.41–0.56 mg g-1 
fucoxanthin was produced from ultrasonication extraction, proving that 
this method is effective and efficient. It also found that environmental 
conditions gave a strong response to the content of nutrients, alginate, and 
fucoxanthin, especially by variations in nitrate, phosphate, and ammonia. 
Thus, the extraction method and aquatic habitat conditions on Tidung 
Island affect the nutritional and metabolite characteristics of S. plycystum. 

Acknowledgement. The authors would like to thank the manage-
ment of Tidung Island for their permission and assistance in the sampling 
process. Thanks also extended to all those who have assisted in carrying 
out this research.
Translation by I Ketut Sumandiarsa

Accepted for print 13.02.2023

References

AOAC (Association of Official Analitycal Chemist). 2005. Official Method of Analysis of the Asso-
ciation of Official Analitycal of Chemist. Virginia (US): Published by The Association of Anal-
itycal Chemist, Inc.

balboa e.m., gallego-Fábrega C., moure a., Domínguez h. 2016. Study of the seasonal vari-
ation on proximate composition of oven-dried Sargassum muticum biomass collected in Vigo 
Ria, Spain. Journal of Applied Phycology, 28(3): 1943–1953. 



Siti Zachro Nurbani et al.554

borazjani N.J., tabarsa M., you S.G., rezaei M. 2017. Effects of extraction methods on molecu-
lar characteristics, antioxidant properties and immunomodulation of alginates from Sargas-
sum angustifolium. International Journal of Biological Macromolecules, 101: 703–711. 

brito g.b., De souza T.L., bressy F.C., moura C.w.n., Korn M.G.A. 2012. Levels and spatial 
distribution of trace elements in macroalgae species from the Todos os Santos Bay, Bahia, 
Brazil. Marine Pollution Bulletin, 64(10): 2238–2244. 

bui H.T.T., Luu T.Q., FoteDar R. 2018. Effects of temperature and ph on the growth of Sargas-
sum linearifolium and S. podacanthum in potassium-fortified inland saline water. American 
Journal of Applied Sciences, 15(3): 186–197. 

Chemat F., rombaut N., siCaire A.G., meullemiestre A., Fabiano-tixier A.S., abert-vian M. 
2017. Ultrasound-assisted extraction of food and natural products. Mechanisms, techniques, 
combinations, protocols and applications. A review. Ultrasonics Sonochemistry, 34: 540–560. 

CirCunCisão A.R., Catarino M.D., CarDoso S.M., silva A.M.S. 2018. Minerals from macroalgae 
origin: Health benefits and risks for consumers. Marine Drugs, 16(11). 

D’armas H., jaramillo C., D’armas M., eChavarría A., valverDe P. 2019. Proximate composi-
tion of several green, brown and red seaweeds from the coast of Ecuador. Revista de Biología 
Tropical, 67(1): 61–68. 

Dawes C. 2016. Macroalgae systematics. In: J. Fleurence, I. Levine (eds.), Seaweed in health and 
disease prevention. Elsevier Inc, doi: 10.1016/C2014-0-02206-X. 

Dharmayanti N., suPriatna J., abinawanto, yasman. 2019. Isolation and partial characterisa-
tion of alginate extracted from sargassum polycystum collected from three habitats in Banten, 
Indonesia. Biodiversitas, 20(6): 1776–1785. 

Fao. 2020. The state of world fisheries and aquaculture. FAO.
Flores S.R.L., Dobbs J., Dunn M.A. 2015. Mineral nutrient content and iron bioavailability in 

common and Hawaiian seaweeds assessed by an in vitro digestion/Caco-2 cell model. Journal 
of Food Composition and Analysis, 43: 185–193. 

Flórez-FernánDez N., Domínguez H., torres M.D. 2019. A green approach for alginate extrac-
tion from Sargassum muticum brown seaweed using the ultrasound-assisted technique. Inter-
national Journal of Biological Macromolecules, 124: 451–459. 

gammone M.A., orazio N.D. 2015. Anti-obesity activity of the marine carotenoid fucoxanthin. 
Marine Drugs, 13: 2196–2214. 

hammer Ø. 2020. Paleontological statistics reference manual. In: Paleontological statistics refer-
ence manual. The Natural History Museum University of Oslo. 

harley C.D.G., anDerson K.M., Demes K.W., jorve J.P., KorDas R.L., Coyle T.A.,  
graham M.H. 2012. Effects Of climate change on global seaweed communities. Journal of 
Phycology, 48(5): 1064–1078. 

heFFernan N., smyth T.J., FitzgeralD R.J., vila-soler A., menDiola J., ibáñez E., brun- 
ton N.P. 2016. Comparison of extraction methods for selected carotenoids from macroalgae 
and the assessment of their seasonal/spatial variation. Innovative Food Science and Emerging 
Technologies, 37: 221–228. 

heo S., yoon W., Kim K., oh C., Choi Y., yoon K., Kang D., Qian Z., Choi I., jung W. 2012. 
Anti-inflammatory effect of fucoxanthin derivatives isolated from Sargassum siliquastrum in 
lipopolysaccharide-stimulated RAW 264.7 macrophages. Food And Chemical Toxicology, 50(9): 
3336–3342. 

hernánDez-Carmona G., Freile-Pelegrín Y., HERNÁNDEZ-garibay E. 2013. Conventional 
and alternative technologies for the extraction of algal polysaccharides. In: H. Functional in-
gredients from algae for foods and nutraceuticals. Woodhead Publishing Limited, pp. 475–516, 
doi: :10.1533/9780857098689.3.475. 

hoang T.C., Cole A.J., FoteDar R.K., o’leary M.J., lomas M.W., roy S. 2016. Seasonal chang-
es in water quality and Sargassum biomass in southwest Australia. Marine Ecology Progress 
Series, 551: 63–79. 

johnson M., Kanimozhi S.A., joy J.M.T.R., shibila T., Freitas P.R., tintino S.R., mene- 
zes I.R.A., Da Costa J.G.M., Coutinho H.D.M. 2019. The antioxidative effects of bioactive 



Alginate Characteristics and Fucoxanthin Content from Sargassum polycystum... 555

products from Sargassum polycystum C. Agardh and Sargassum duplicatum J. Agardh 
against inflammation and other pathological issues. Complementary Therapies in Medicine, 
46(July): 19–23. 

Kawee-ai A., Kuntiya A., Kim S.M. 2013. Anticholinesterase and antioxidant activities of fucox-
anthin purified from the microalga Phaeodactylum tricornutum. Natural Product Communi-
cations, 8(10): 1381–1386. 

KoK J.M.L., wong C.L. 2018. Physicochemical properties of edible alginate film from Malaysian 
Sargassum polycystum C. Agardh. Sustainable Chemistry and Pharmacy, 9(March): 87–94. 

Kumar S.R., hosoKawa M., miyashita K. 2013. Fucoxanthin: A marine carotenoid exerting 
anti-cancer effects by affecting multiple mechanisms. Marine Drugs, 11: 5130–5147. 

Kumar S., sahoo D., levine I. 2015. Assessment of nutritional value in a brown seaweed Sargas-
sum wightii and their seasonal variations. Algal Research, 9: 117–125. 

Kurniawan F., aDrianto L., bengen D.G., Prasetyo L.B. 2016. Vulnerability assessment of 
small islands to tourism: The case of the Marine Tourism Park of the Gili Matra Islands, Indo-
nesia. Global Ecology and Conservation, 6: 308–326. 

lalegerie F., gager L., stiger-Pouvreau V., Connan S. 2020. The stressful life of red and 
brown seaweeds on the temperate intertidal zone: effect of abiotic and biotic parameters on the 
physiology of macroalgae and content variability of particular metabolites. Advances in Botan-
ical Research, 95: 1–41. 

maharani A.A., husni A., eKantari N. 2017. Effect of extraction methods on characteristic of 
sodium alginate from brown seaweed Sargassum fluitans. Journal Pengolahan Hasil Peri-
kanan Indonesia, 20(3): 478. 

malea P., KevreKiDis T. 2014. Trace element patterns in marine macroalgae. Science of the Total 
Environment, 494–495: 144–157, doi: 10.1016/j.scitotenv.2014.06.134.

matanjun P., mohameD S., mustaPha N.M., muhammaD K. 2009. Nutrient content of tropical 
edible seaweeds, Eucheuma cottonii, Caulerpa lentillifera and Sargassum polycystum. Journal 
of Applied Phycology, 21(1): 75–80. 

may-lin B.Y., Ching-lee W. 2013. The seasonal growth rate of Sargassum species at Teluk Ke-
mang, Port Dickson, Malaysia. Journal of Applied Phycology, 25(3): 805–814. 

mazumDer A., holDt S.L., De FranCisCi D., alvaraDo-morales M., mishra H.N., angeliDaKi I. 
2016. Extraction of alginate from Sargassum muticum: process optimisation and study of its 
functional activities. Journal of Applied Phycology, 28(6): 3625–3634. 

miyashita K., bePPu F., hosoKawa M., liu X., wang S. 2020. Nutraceutical characteristics of 
the brown seaweed carotenoid fucoxanthin. Archives of Biochemistry and Biophysics, 
686(March): 1–10. 

moghaDamtousi S., Karimian H., KhanabDali R., razavi M., Firoozinia M., zanDi K.,  
abDul K.H. 2014. Anticancer and antitumor potential of fucoidan and fucoxanthin, two main 
metabolites isolated from brown algae. The Scientific World Journal, Jan 2: 768323, doi: 
10.1155/2014/768323, eCollection 2014.

mohammeD a., rivers a., stuCKey D.C., warD K. 2020. Alginate extraction from Sargassum 
seaweed in the Caribbean region: Optimisation using response surface methodology. Carbohy-
drate Polymers, 245: 1–8. 

muta harah Z., jaPar siDiK B., natrah F.M.I., emmClan L.S.H., wan hazma W.N., norDiah B. 
2014. Seaweed community of the Merambong shoal, Sungai Pulai estuary, Johore. Malayan 
Nature Journal, 66(1, 2): 117–131.

nursiD M., ayu S., tantri D., rahayu L. 2015. Cytotoxicity of acetone extract and fucoxanthin 
content of sargassum seaweed. Jurnal Pengolahan Dan Bioteknologi Kelautan Dan Perikanan, 
pp. 91–99.

oKolie C.L., aKanbi T.O., mason B., uDenigwe C.C., arye A.N.A. 2019. Influence of convention-
al and recent extraction technologies on physicochemical properties of bioactive macromole-
cules from natural sources. Food Research International, 116.

PáDua D., roCha E., gargiulo D., ramos A.A. 2015. Bioactive compounds from brown seaweeds: 
Phloroglucinol, fucoxanthin and fucoidan as promising therapeutic agents against breast can-
cer. Phytochemistry Letters, 14: 91–98. 



Siti Zachro Nurbani et al.556

Paul S., salavarría E., gil-KoDaKa P., villena G.K. 2020. A de novo transcriptomic approach 
to study the influence of marine water depth in Macrocystis pyrifera alginate production. 
Aquatic Botany, 163(January): 103–211. 

Peng Y., hu J., yang B., lin X.P., zhou X.F., yang X.W., liu Y. 2015. Chemical composition of 
seaweeds. In: B.K. Tiwari, D.J. Troy (eds.), Seaweed sustainability: Food and non-food appli-
cations. Elsevier Inc. 

Perumal B., Chitra R., maruthuPanDian A., viji M. 2019. Nutritional assessment and bioactive 
potential of sargassum polycystum c. Agardh (brown seaweed). Indian Journal of Geo-Marine 
Sciences, 48(4): 492–498.

Porse H., ruDolPh B. 2017. The seaweed hydrocolloid industry: 2016 updates, requirements, and 
outlook. Journal of Applied Phycology, 29(5): 2187–2200. 

Praiboon J., PalaKas S., noiraKsa T., miyashita K. 2018. Seasonal variation in nutritional 
composition and anti-proliferative activity of brown seaweed, Sargassum oligocystum. Journal 
of Applied Phycology, 30(1): 101–111. 

Puglisi M.P., sneeD J.M., sharP K.H., ritson-williams R., Paul V.J. 2014. Marine chemical 
ecology in benthic environments. Natural Product Reports, 31(11): 1510–1553. 

PusPita M., setyawiDati N.A.R., stiger-Pouvreau V., vanDanjon L., wiDowati I., raDjasa O.K., 
beDoux G., bourgougnon N. 2020. Indonesian Sargassum species bioprospecting: potential 
applications of bioactive compounds and challenge for sustainable development. In Advances 
in Botanical Research, 95: 113–161, doi: 10.1016/bs.abr.2019.12.002.

renhoran M., novienDri D., setyaningsih I., uju. 2017. Ekstraksi dan purifikasi fukosantin 
dari Sargassum sp. sebagai anti-acne. Jurnal Pengolahan Hasil Perikanan Indonesia, 
20(2015), 370–379.

rhein-KnuDsen N., ale M.T., ajalloueian F., meyer A.S. 2017. Characterisation of alginates 
from Ghanaian brown seaweeds: Sargassum spp. and Padina spp. Food Hydrocolloids,  
71: 236–244. 

salosso Y. 2019. Nutrient and alginate content of macroalgae sargassum sp. From kupang bay 
waters, east nusa tenggara, Indonesia. AACL Bioflux, 12(6): 2130–2136.

setyawiDati N.A.R., PusPita M., KaimuDDin A.H., wiDowati I., DeslanDes E., bourgougnon N., 
stiger-Pouvreau V. 2018. Seasonal biomass and alginate stock assessment of three abundant 
genera of brown macroalgae using multispectral high-resolution satellite remote sensing:  
A case study at Ekas Bay (Lombok, Indonesia). Marine Pollution Bulletin, 131, 40–48. 

siregar T.H., Priyanto N., Putri A.K., raChmawati N., triwibowo R., DsiKowitzKy L., 
sChwarzbauer J. 2016. Spatial distribution and seasonal variation of the trace hazardous 
element contamination in Jakarta Bay, Indonesia. Marine Pollution Bulletin, 110(2): 634–646. 

sugiono S., masruri M., estiasih T., wiDjanarKo S.B. 2019. Optimisation of extrusion-assisted 
extraction parameters and characterisation of alginate from brown algae (Sargassum cristae-
folium). Journal of Food Science and Technology, 56(8): 3687–3696. 

sumanDiarsa I.K., bengen D.G., santoso J., januar H.I. 2020a. Nutritional composition and 
alginate characteristics of Sargassum polycystum (C. Agardh, 1824) growth in Sebesi island 
coastal, Lampung-Indonesia. IOP Conference Series: Earth and Environmental Science, 
584(1). 

sumanDiarsa I.K., bengen D.G., santoso J., januar H.I. 2020b. The relationship between trace 
elements and the abundance and nutrient contents of sargassum polycystum in different mor-
phogenesis of islands and seasonal variations in Western Indonesian waters. AACL Bioflux, 
13(5): 3144–3154.

sumanDiarsa I.K., bengen D.G., santoso J., januar H.I. 2021a. The impact of spatio-temporal 
variation on seawater quality and its effect on the domination of Sargassum polycystum on 
Small Islands in Western Indonesian Waters. Environment Asia Journal, 14(1): 79–92. 

sumanDiarsa I.K., bengen D.G., santoso J., januar H.I. 2021b. Spatial-temporal effect on 
proximate, trace elements, alginate, and fucoxanthin contents, of Sargassum polycystum brown 
seaweed. Journal of Hunan University Natural Sciences, 48(5): 14.



Alginate Characteristics and Fucoxanthin Content from Sargassum polycystum... 557

syaD A.N., shunmugiah K.P., Kasi P.D. 2013. Seaweeds as nutritional supplements: Analysis of 
nutritional profile, physicochemical properties and proximate composition of G. acerosa and  
S. wightii. Biomedicine and Preventive Nutrition, 3(2): 139–144. 

terasaKi M., Kawagoe C., ito A., Kumon H., narayan B., hosoKawa M., miyashita K. 2017. 
Spatial and seasonal variations in the biofunctional lipid substances (fucoxanthin and fucos-
terol) of the laboratory-grown edible Japanese seaweed (Sargassum horneri Turner) cultured 
in the open sea. Saudi Journal of Biological Sciences, 24(7): 1475–1482. 

tiwari B.K. 2015. Ultrasound: A clean, green extraction technology. TrAC – Trends in Analytical 
Chemistry, 71: 100–109. 

tsuji P.A., Canter J.A., rosso L.E. 2016. Trace minerals and trace elements. In: Encyclopedia of 
food and health (1st ed.). Elsevier Ltd, pp. 331–338. 

wiDiarti R., zamani N.P., bengen D.G., maDDuPPa H. 2021. Morphotype diversity of prorocen-
trum lima in the western part of Indonesian waters. Biodiversitas, 22(2): 607–614. 

wouthuyzen S., heranDaruDewi S.M.C., Komatsu T. 2016. Stock assessment of brown seaweeds 
(Phaeophyceae) along the Bitung-Bentena Coast, North Sulawesi Province, Indonesia for algi-
nate product using satellite remote sensing. Procedia Environmental Sciences, 33: 553–561. 

youssouF L., lallemanD L., girauD P., soulé F., bhaw-luximon A., meilhaC O., D’hellen-
Court C.L., jhurry D., CouPrie J. 2017. Ultrasound-assisted extraction and structural char-
acterisation by NMR of alginates and carrageenans from seaweeds. Carbohydrate Polymers, 
166: 55–63. 

yuan D., Li C., huang Q., Fu X. 2020. Ultrasonic degradation effects on the physicochemical, 
rheological and antioxidant properties of a polysaccharide from Sargassum pallidum. Carbo-
hydrate Polymers, 239: 116230, doi: 10.1016/j.carbpol.2020.116230. Epub. 2020, Apr 6.

zhang R., zhang X., tang Y., mao J. 2020. Composition, isolation, purification and biological 
activities of Sargassum fusiforme polysaccharides: A review. Carbohydrate Polymers, 228: 14. 




