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ABSTRACT

Algae are marine plants with potential as raw materials for biofuel production. The high lipid content in algae
can be converted into biofuel through chemical reactions. Research on the chemical composition of algae
species found in the West Papua region remains limited. One type of algae commonly found in the waters
of West Papua, particularly along the northern coast of Manokwari, is Sargassum binderi. Therefore, the aim
of this study is to identify the lipid compounds and their percentages in S. binderi. Lipid compounds were
extracted using two extraction methods: maceration and the Bligh and Dyer method. The extraction process
utilized fresh S. binderi samples without drying, grinding, or heating treatments. The lipid compounds and
their percentages were determined using GC-MS analysis.The study identified six lipid compounds from the
maceration method: myristic acid (1.4%), palmitic acid (19.15%), stearic acid (2.71%), oleic acid (5.93%),
isooleic acid (4.69%), and arachidonic acid (1.01%), with a total lipid compound percentage of 34.89%.
Meanwhile, the Bligh Dyer method identified five lipid compounds: palmitic acid (46.07%), palmitoleic acid
(5.23%), oleic acid (4.33%), vaccenic acid (27.18%), and arachidonic acid (2.81%), with a relatively high
total lipid compound percentage of 85.62%.
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INTRODUCTION

The identification of the potential of Papua's local resources can be based on Indonesia's
characteristics as a tropical archipelagic country with abundant biodiversity and marine resources.
If the focus of studies and research is oriented toward the utilization of marine resources,
Indonesia’'s vast waters can support these objectives.

According to data from The World Factbook by the Central Intelligence Agency (CIA) of the
United States, Indonesia's coastline is approximately 54,716 km long. Indonesia ranks as the
country with the second-longest coastline after Canada among 198 countries and 55 territories
worldwide (BPS, 2016). The total area of Indonesia's waters consists of an Exclusive Economic
Zone (EEZ) of 2.7 million km?, an archipelagic sea area of 2.3 million km?, and territorial waters
of 0.8 million km? (Likadja, 1985).

West Papua Province, located at the easternmost part of Indonesia, has a sea area of
106,598.9 km?, with a coastline length of 12,455 km and 3,146 small islands have been identified.,
according to data from the Geospatial Information Agency in 2018. This data indicates that West
Papua has significant economic and strategic potential in its marine resources, which can be
utilized for diversifying products, including non-fish products with commercial added value.

One of the most promising marine resources for development is algae. Algae have the
potential to be used as biofuel (biodiesel, bioethanol, and biogas) due to their high lipid content
(Hannon et al., 2010; Schlagermann et al., 2012; Kumar et al., 2020; Mahmood et al., 2023).
These lipid compounds can be converted into biodiesel through specific chemical reactions
(Karmee et al., 2015; Talebian-Kiakalaieh & Aishah Saidina, 2019). Biodiesel can serve as an
alternative energy source to replace fossil-based diesel fuel.

The use of diesel as a fuel source has several drawbacks, including being a fossil fuel that
contributes to air pollution and various health issues. As a fossil fuel, the combustion of diesel
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releases a significant amount of carbon dioxide into the atmosphere, thereby contributing to global
warming (Perera, 2018; Lelieveld et al., 2019; Speight, 2019; Karnauskas et al.,2020). Therefore,
research on the characteristics, production, and benefits of biodiesel needs to be developed to
address energy security issues, reduce the use of fossil fuels, and promote the nation's economy.

In order to encourage the development of biodiesel in Indonesia, starting in January 2020,
the government set a target for the implementation of the Mandatory Biodiesel Program 30 (B30),
which requires a 30% biodiesel blend with 70% diesel fuel. This regulation is outlined in the
Minister of Energy and Mineral Resources (ESDM) Regulation Number 12 of 2015, which is the
third amendment to Minister of ESDM Regulation Number 32 of 2008 regarding the Provision,
Utilization, and Trade of Biofuels as Other Fuels.

Therefore, to achieve the B30 Program target and reduce diesel fuel consumption, which
has negative impacts, national biodiesel production needs to be increased. So far, in the West
Papua region, research related to the utilization of algae for biodiesel production as an alternative
to diesel fuel remains very limited. Even literature and studies on the identification of algae
species and their distribution are still scarce. Based on these factors, supported by the data
presented above, it is necessary to explore the potential of biodiesel from aquatic algae in West
Papua as a renewable energy alternative.

One of the algae species commonly found along the coastal areas of West Papua is
Sargassum binderi. The abundance of this species is the focus of this study. Research on the
lipid content of this algae species and its potential as a raw material for biodiesel production
remains limited. Therefore, the objectives of this preliminary study are to (1) identify the lipid
compounds present in S. binderi, (2) determine the percentage of each lipid compound through
GC-MS analysis, and (3) determine the extract yield percentage. Lipid extraction was carried out
using two simple extraction methods: maceration and the Bligh Dyer method (Garcia-Vaquero et
al., 2020; Saini et al., 2021).

RESEARCH METHOD

Sample Preparation

S. binderi algae sample (Figure 1.(a)) was obtained from the North Coast of Manokwari,
West Papua Province, in mid-July with sampling coordinates of 0°44’45” S, 133°59’ E. Before
the extraction process, the sample was first rinsed with aquadest to remove any dirt adhering to
the surface. Since the extraction process used wet samples, the drying (EIGamal et al., 2023)

Figure 1. (a) S. binderi Algae (b) Maceration Process (c) Bligh-Dyer Process

and grinding stages were not performed. The entire sample was used for extraction, with no part
being separated. The sample was cut into small pieces, each less than 0.5 cm in size, and was
ready for the extraction process.

Maceration Method

A 50 g sample of S. binderi (from the preparation step), was soaked in 500 mL of a analytical
grade solvent mixture of n-hexane-ethanol (3.5:1.5, v/v) for 3 x 24 hours at room temperature in
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a dark place. During the maceration process, stirring was carried out using a magnetic stirrer
without heating for £10 minutes every 12 hours. The macerate was then filtered using filter paper
to separate the residue. Due to the polarity difference between n-hexane and ethanol, two layers
were observed: the n-hexane macerate in the top layer and the ethanol macerate in the bottom
layer (Figure 1.(b)). Both macerate layers were separated using a separatory funnel and
subsequently evaporated using a rotary evaporator (temperature < 40°C). The macerates were
then stored in a freezer (temperature + 5°C) until futher use.

Bligh Dyer Method

A 50 g sample of S. binderi (from the preparation step) was soaked in 300 mL of a analytical
grade solvent mixture of methanol-chloroform (2:1, v/v) and stirred with a magnetic stirrer for 1
hour without heating (Saini et al., 2021). Subsequently, 100 mL of chloroform and 100 mL of
aquadest were sequentially added, with stirring performed in the same manner and for the same
duration after each addition. The extract was then transferred into a separatory funnel and left
for 24 hours, resulting in the formation of two layers (Figure 1.(c)). The bottom layer which is the
chloroform layer is then separated and the chloroform solvent is evaporated using a rotary
evaporator (temperature < 40°C) to obtain Bligh Dyer extract. The extract was then stored in a
freezer (temperature + 5°C) until futher use.

Gas Chromatography-Mass Spectrometry Analysis

Lipid compounds were analyzed using a GC-MS instrument (QP2010S Shimadzu) equipped
with an Agilent DB-5MS Ul column (0.25 mm diameter, 0.25 ym film thickness, and 30 m length).
The initial GC-MS temperature was set to 70°C, and the injection temperature was 300°C, with a
column flow rate of 0.50 mL/min. The carrier gas (helium) was maintained at a pressure of 13.7
kPa, with a flow rate of 3 mL/min and a linear velocity of 25.9 cm/sec. Lipid compound
identification was based on mass spectral comparisons and retention index data of components
found in the GC-MS spectral database.

RESULTS AND DISCUSSION

Extraction Results with Maceration Method

Figure 2 (a), (b), (c), and (d) show the extraction results obtained from the maceration
method. After evaporation, the n-hexane macerate layer which was initially pale green turned
into a brownish green precipitate while the ethanol macerate layer became a brown precipitate.
The n-hexane molecule is nonpolar, whereas the ethanol molecule is polar, leading to the
formation of two separate layers in the macerate. Ethanol has a density of 0.7849 g/mL, which is
higher than the density of n-hexane at 0.6548 g/mL (at 25°C)(Moldoveanu & David, 2015),
causing ethanol to settle in the lower layer of the macerate.

N-hexane, ethanol, and chloroform are considered efficient solvents for extracting lipid
compounds (Ramluckan et al., 2014). In general, lipid compounds have long alkyl chains
(-CH-), making them predominantly nonpolar (Small, 1984; Fahy et al., 2005; Vanni et al., 2019).
A previous study by Stepanus & Kolibongso (2024) reported that S. binderi has a relatively high
water content of 85%. Therefore, in this study, a mixture of n-hexane and ethanol was used as
the extraction solvent.
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Figure 2. (a) n-hexane Macerate (b) n-hexane Macerate after Evaporation (c) Ethanol
Macerate (d) Ethanol Macerate after Evaporation

The n-hexane molecule (molecular formula C¢Hy,) is a straight-chain alkane hydrocarbon
consisting of six carbon atoms. Each carbon atom in n-hexane undergoes sp3 hybridization,
forming only single bonds (inert toward the compounds being extracted) with a tetrahedral bond
angle. This results in a non-rigid, non-linear molecular structure. The n-hexane molecular chain
is nonpolar, allowing it to extract the alkyl chains of lipid compounds through dipole-dipole
interactions. The ethanol molecule (molecular formula CH;CH,OH), with a single hydroxyl (-OH)
functional group, can interact with hydrogen atoms in water molecules (molecular formula H,0)
through hydrogen bonding. Therefore, another function of ethanol as a solvent is to separate
water from lipids.

Table 1. Extract from Maceration Method

n-hexane macerate Ethanol macerate
Extract color Brownish green Brown
Extract weight (g) 0.54 0.24
Yield, dry basis (%) 7.2 3.2

Table 1 presents the extraction results from the maceration method. The extract weight from
n-hexane and ethanol macerates is 0.54 g and 0.24 g, respectively, with a total extract weight of
0.78 g. The extract weight from the n-hexane macerate is more than twice that of the ethanol
macerate, suggesting that S. binderi algae contain relatively more non-polar compounds
compared to polar compounds. The percentage yield of the extract (dry basis, %) is calculated
based on the initial sample weight (50 g) and the water content in S. binderi, which is 85%, which
refersto previous research. As a result, the extraction yield percentage from maceration is 10.4%.
The observed green-orange-brown coloration in the macerate is attributed to the presence of
fucoxanthin and chlorophyll pigments in S. binderi (Yip et al., 2014).

GC-MS Analysis Results (Maceration Method)

Figure 3 shows the GC-MS chromatogram of the S. binderi extract obtained through
maceration. The macerate analyzed using GC-MS is a homogeneous mixture of n-hexane and
ethanol macerates. The chromatogram reveals a total of 26 peaks, of which 7 peaks represent
lipid compounds. As listed in Table 2, these seven peaks correspond to peaks 8, 14, 15, 17, 18,
19, and 21. Peaks 14 and 18 correspond to the same lipid compound, 10-octadecenoic acid.
Peak 15, representing hexadecanoic acid (palmitic acid), exhibits the highest percentage at
19.15%, followed by 9-octadecenoic acid (Z) (oleic acid) at 5.93% in peak 17.
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Figure 3. GC-MS chromatogram of S. binderi extract (Maceration method)

Table 2. Lipid Compounds Identified by GC-MS from S. binderi Extract (Maceration

min

Method)
Peak# Rgﬁemngon Area Area%  Similarity N'I:(;Iren(;ldllzr Compound
8 25.106 329035 14 94 Ci5H3002 Tetradecanoic acid, methyl ester
14 28.814 685037 2.91 86 C19H3602 10-Octadecenoic acid, methyl ester
15 29.237 4514120 19.15 96 C17H340; Hexadecanoic acid, methyl ester
17 32.544 1397788 5.93 96 C19H3602 9-Octadecenoic acid (Z)-, methyl este
18 32.656 419921 1.78 91 C19H3602 10-Octadecenoic acid, methyl ester
19 33.044 638267 2.71 95 C19H350; Octadecanoic acid, methyl ester
21 35.315 237536 1.01 88 C31H340; 5,8,11,14-Eicosatetraenoic acid, methyl ester, (all-Z)
Others Compound 65,11
Total Lipid 34,89
5,8,11,14-Eicosatetraenoic acid, .. I 1,01
Octadecanoic acid, methyl ester 2,71
9-Octadecenoic acid (Z2)-, methyl este 5,93
Hexadecanoic acid, methyl ester _ 19,15
10-Octadecenoic acid, methyl ester 4,69
Tetradecanoic acid, methyl ester I 1,4 . . .
0 20 40 60 80

Percentage (%)

Figure 4. Percentage of Lipid and Non-lipid Compounds (Maceration Method)

Based on the GC-MS analysis results, the percentage graph of lipid and non-lipid
compounds from maceration is presented in Figure 4. The graph shows that the total percentage
of lipid compounds is 34.89%, which is lower than the percentage of non-lipid compounds at
65.11%. Based on this total lipid percentage, the lipid yield obtained from maceration is 0.27 g
(from the total macerate of 0.78 g) or 0.54% (from the initial sample weight of 50 g).

The lipid compounds obtained from maceration were converted into fatty acid methyl esters
(FAME) through the esterification/transesterification process. Subsequently, the types of fatty
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acids were identified. Based on the analysis, the identified fatty acids include myristic acid
(tetradecanoic acid, C14:0), palmitic acid (hexadecanoic acid, C16:0), stearic acid (octadecanoic
acid, C18:0), oleic acid (9-octadecenoic acid (Z), C18:1, cis-9), isooleic acid (10-octadecenoic
acid, C18:1), and arachidonic acid (5,8,11,14-eicosatetraenoic acid, C20:4, 00-6). These types of
fatty acids are suitable raw materials for biodiesel production (Rattanaphra et al., 2011; Moradi
et al., 2021; Sanchez-Cupil et al., 2024).

Extraction Results with Bligh Dyer Method

The extraction results using the Bligh-Dyer method are shown in Figure 5 (a), (b), and (c).
The upper layer observed in Figure 5(a) corresponds to the aquadest-methanol layer, while the
lower layer is the chloroform layer. The difference in polarity between aquadest-methanol and
chloroform results in the formation of two distinct layers. The molecules of aquadest (distilled
water, H20) and methanol (CHzOH) are polar, whereas chloroform (CHCIs) is semipolar. The
densities of aquadest, methanol, and chloroform are 0.9970 g/mL, 0.7866 g/mL, and 1.4798
g/mL, respectively, at 25°C (Moldoveanu & David, 2015), which causes the aquadest-methanol

Figure 5. (a) Two Layers of Bligh-Dyer Extract (b) Chloroform layer (c) Chloroform Layer
after Evaporation

layer to remain on top. The evaporation of the chloroform layer yielded a dark green precipitate.
During the evaporation process using a rotary evaporator, both in maceration and Bligh Dyer
extraction, the temperature was maintained below 40°C to prevent the degradation of compounds
due to high-temperature heating (Wang et al., 2018; Bennour et al., 2020).

Table 3. Extract from Bligh Dyer Method

Extract color Dark green
Extract weight (g) 0.27
Yield, dry basis (%) 3.6

Table 3 presents the extraction results using the Bligh Dyer method. The extract weight from
the chloroform layer was 0.27 g (almost three times lower compared to the maceration extract,
which was 0.78 g). The extraction yield obtained was 3.6%. In the Bligh Dyer method, lipid
compounds are extracted into the chloroform layer, while water and other polar compounds are
extracted into the agueous-methanol layer. Chloroform molecules consist of a methane molecule
substituted with three Cl atoms. Since chlorine atoms are more electronegative than carbon and
hydrogen atoms, the chloroform molecule is semi-polar, unlike methane, which is non-polar.
Consequently, lipids, which are generally non-polar, are extracted into the chloroform layer.

The molecules CH3CIl, CH3;OH, and H,O have relatively small molecular structures,
facilitating diffusion in and out of algal cells during extraction. However, due to their small
molecular size, their ability to interact with and extract larger molecules decreases. This is
suspected to be the reason for the lower extract weight obtained using the Bligh Dyer method.
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GC-MS Analysis Results (Bligh Dyer Method)

Unlike the chromatogram from maceration, the chromatogram from the Bligh Dyer method
shows a total of only nine peaks, as seen in Figure 6. Although there are only nine peaks, five of
them represent fatty acid compounds. These five peaks correspond to peaks 1, 2, 3, 4, and 6.
The identified fatty acids include palmitic acid (hexadecanoic acid, C16:0), palmitolinoleic acid
(9,12-hexadecadienoic acid, C16:2), oleic acid (9-octadecenoic acid (Z), C18:1, cis-9), vaccenic
acid (11-octadecenoic acid, C18:1), and arachidonic acid (5,8,11,14-eicosatetraenoic acid,
C20:4, W-6).

Similar to the maceration results, the Bligh Dyer method also recorded palmitic acid as
having the highest percentage, at 46.07%, nearly half of the total extract, which can be seen at
peak 2. In addition to palmitic acid, the peaks for oleic acid and arachidonic acid were also
observed in the maceration chromatogram. However, the peaks for palmitolinoleic acid and
vaccenic acid were not detected in the maceration chromatogram. The vaccenic acid compound
at peak 4 has the second-highest percentage at 27.18%.

Palmitic acid, CH3(CH,);,COOH, has a relatively smaller molecular structure compared to
other identified fatty acid compounds. This small particle/molecular size facilitates the diffusion
process out of the sample cell wall during extraction (Zhang et al., 2018; Al Ubeed et al., 2022),
resulting in the highest recorded percentage. Noviendri et al. (2011) also reported that palmitic
acid is the dominant lipid compound extracted from the same sample. Conversely, arachidonic
acid, which has the largest structural size, exhibits the lowest percentage.

Based on the type and percentage of fatty acids identified from both extraction methods, it
can be stated that the algae S. binderi contains lipids with potential for biodiesel production. In
addition to S. binderi, several previous studies have reported the potential of other brown algae
species as sources of biogas, bioethanol, and biodiesel (Orozco-Gonzalez et al., 2022). These
include Sargassum angustifolium (Ardalan et al., 2018), Sargassum angustifolium, Sargassum
boveanum, Sargassum vulgare (Jeliani et al., 2021) and Sargassum latifolium (El-Gendy et al.,
2024).
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Figure 6. GC-MS Chromatogram of S. binderi Extract (Bligh Dyer Method)
Table 4. Lipid Compounds Identified by GC-MS from S. binderi Extract (Bligh Dyer
Method)
Peak Ret(_entlon Area Area%  Similarity Molecular Compound
Time Formula
1 28.842 165121 4.33 91 C19H3602 9-Octadecenoic acid (Z)-, methyl ester
2 29.251 1756967 46.07 97 C17H340; Hexadecanoic acid, methyl ester
3 32.442 199364 5.23 93 C17HaO 9,12-Hexadecadienoic acid, methyl ester
171302
4 32.548 1036506 27.18 95 CioH360s 11-Octadecenoic acid, methyl ester, (2)-
6 35.33 107079 2.81 91 C11H340; 5,8,11,14-Eicosatetraenoic acid, methyl ester (all-2)-
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Others Compound 14,38
Total Lipid 85,62
5,8,11,14-Eicosatetraenoic acid, methy ester.. || 2,81
11-Octadecenoic acid, methyl ester, (Z2)- 27,18
9,12-Hexadecadienoic acid, methyl ester 5,23
Hexadecanoic acid, methyl ester 46,07
9-Octadecenoic acid (Z)-, methyl ester 4,33
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Figure 7. Percentage of Lipid and Non-lipid Compounds (Bligh Dyer method)

Based on the graph in Figure 7, the total percentage of detected lipid compounds is
relatively high, at 85.62%. de Jesus et al. (2019) reported that the Bligh and Dyer method yields
a high lipid recovery from wet microalgae extracts. In this study, GC-MS analysis identified six
lipid compounds using the maceration method, whereas the Bligh Dyer method identified five
lipid compounds. Meanwhile, a previous study using the Soxhlet method identified only four lipid
compounds. Among these four compounds, palmitic acid had a relatively high percentage of
18.12%, with a small difference compared to oleic acid, which had the highest percentage at
19.4% (Stepanus & Kolibongso, 2024).

: 1,64
Soxhletation 143
Others Compound
; 0,52
Bligh Dyer ’
gn by 3,08 Total Lipid
. 6,77
Maceration 363

1 1 1 { 1 1 1 )
0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00
Percentage (%)

Figure 8. Comparison of Yield Percentages (Dry Basis, %) from Three Extraction
Methods

Previous studies have reported that different extraction methods (such as preparation
treatments, solvent type, extraction time, temperature, and other factors) yield varying lipid
percentages depending on the species of algae/microalgae being studied (Prommuak et al.,
2012; Soares et al., 2014; Hussain et al., 2015; Hurtado et al., 2018). Figure 8 presents the total
yield percentages for lipid and non-lipid compounds extracted using the two extraction methods
in this study, compared to the Soxhlet method. The yield percentage calculations are based on
dry weight (dry basis). According to the graph, the lipid yield percentages from the maceration
and Bligh and Dyer methods are similar, at around 3%, whereas the yield from the Soxhlet
method is lower, at 1.43%.

CONCLUSION

Based on the research results, six lipid compounds were identified using the maceration
method, with a total percentage of 34.89%. Meanwhile, five lipid compounds were identified using
the Bligh Dyer method, with a total percentage of 85.62%.The lipids extracted using the
maceration method consisted of myristic acid (1.4%), palmitic acid (19.15%), stearic acid (2.71%),
oleic acid (5.93%), isooleic acid (4.69%), and arachidonic acid (1.01%). Meanwhile, the lipids
extracted using the Bligh Dyer method consisted of palmitic acid (46.07%), palmitoleic acid
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(5.23%), oleic acid (4.33%), vaccenic acid (27.18%), and arachidonic acid (2.81%). The lipid yield
percentages from the maceration and Bligh Dyer methods were 3.08% and 3.63%, respectively.
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