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Abstract: Sea cucumbers are invertebrate marine organisms with
potential as a source of bioactive compounds for pharmaceutical
applications. One of their benefits is serving as a source of
antioxidants. This study aimed to determine the best extraction
method for yield value and antioxidant activity of sea cucumbers. The
methods employed included maceration, Soxhlet extraction, and
microwave-assisted extraction, along with antioxidant analysis and
identification of active compounds. The results showed that the
maceration method produced a higher percentage yield compared to
Soxhlet and microwave methods, with 3.26% for Bohadschia marmorata
and 2.91% for Holothuria fuscopunctata. Identification of active
compounds in both types of samples revealed the presence of
phenolic compounds and steroids/triterpenoids. However, the
antioxidant activity of the sea cucumber extracts was found to be weak
for both species. The best antioxidant activity was obtained from
maceration extraction, with IC50 values of 625 ug/mL for Bohadschia
marmorata and 897 ug/mL for Holothuria fuscopunctata.

Keywords: Bohadschia marmorata; extraction; Holothuria fuscopunctata;
maceration; phenol

1. Introduction

Sea cucumbers, or teripang in Indonesian, are invertebrates from
the phylum Echinodermata, class Holothuroidea. They have soft, elastic,
elongated bodies resembling cucumbers, which is why they are called
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"sea cucumbers" (Husain et al., 2017). These organisms are commonly found in coral reefs and
deep waters and have high economic value in domestic and international markets due to their
rich nutritional content. Fresh sea cucumbers contain 4% protein, 93.55% water, 1.22% ash, 0.36%
fat, and 0.87% carbohydrates (One et al., 2021).

Sea cucumbers are mainly used as raw materials for processed products and have potential
as sources of marine-derived pharmaceuticals. Their bioactive compounds exhibit various health
benefits, including antihypertensive, anti-inflammatory, antitumor, anticoagulant, wound-
healing, and antioxidant properties (Rahman, 2014). Holothuria atra has been reported to contain
phenolic and flavonoid compounds, which act as antioxidants by inhibiting free radical activity
(Dwicahyani et al., 2018; Laila et al., 2022).

Natural antioxidants in sea cucumbers are considered safer than synthetic ones, which can
be toxic. These compounds can be extracted using conventional methods such as maceration,
Soxhlet extraction, and reflux, or modern techniques like Microwave-Assisted Extraction (MAE)
and Ultrasound-Assisted Extraction (UAE). The choice of extraction method affects the
antioxidant activity of sea cucumbers. Studies have explored various techniques, such as
maceration with ethanol or methanol (Nurhamzah et al., 2022; Avigail et al., 2019) and Soxhlet
extraction with ethanol (Wulandari et al., 2022; Misgiati et al., 2024). However, research on MAE
for extracting antioxidants from sea cucumbers remains limited.

The selection of an extraction method depends on the properties of the target compounds, as
different techniques influence yield and antioxidant activity (Yulianti et al., 2020). Identifying the
most effective and efficient method is essential for maximizing antioxidant compound extraction.
This study aims to determine the best extraction method for optimizing yield and antioxidant
activity from sea cucumbers.

2. Materials and Methods

2.1. Materials and Equipments

The study utilized Bohadschia marmorata and Holothuria fuscopunctata collected from Labuan
Bajo, East Nusa Tenggara, Indonesia. The chemical reagents included ethanol (Supelco),
methanol (Supelco), distilled water, DPPH (HiMedia India), and anisaldehyde reagent for
phytochemical analysis. The laboratory equipment used comprised beakers (Iwaki), a Soxhlet
extractor, a microwave (SIGMATIC SMO-2555G), a rotary vacuum evaporator (BUCHI), a
chromatography chamber, silica gel TLC plates (Merck), micropipettes, UV lamps (254 nm and
366 nm), and a microplate reader (SPECTROstar Omega).

2.2. Sample Preparation

Fresh sea cucumbers were washed thoroughly and identified based on morphology,
coloration, and internal skeletal structures (spicules) using taxonomic references (Massin, 1996,
1999; Samyn & Massin, 2003; FAO, 2012). The specimens were cleaned to remove mucus and
dissected to extract the body tissue while discarding internal organs. The cleaned samples were
then cut into small pieces, weighed, and prepared for extraction.
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2.3. Extraction Methods
2.3.1 Maceration (Modified from Bawole et al., 2021)

Sea cucumber tissue was macerated in 70% ethanol at a ratio of 1:3 (w/v) for 3 x 24 hours,
with solvent replacement every 24 hours. The extracts were filtered, evaporated at 40°C using a
rotary evaporator, weighed, and stored at 4°C for further analysis.

2.3.2 Soxhlet Extraction (Modified from Wulandari et al., 2022)

Fifty grams of sea cucumber tissue were placed in filter paper inside the Soxhlet extractor
and extracted with 250 mL of 70% ethanol for 14 hours (7 cycles) at 60-70°C without solvent
replacement. The filtrate was evaporated at 40°C, weighed, and stored at 4°C.

2.3.3 Microwave-Assisted Extraction (Modified from Kamaluddin et al., 2014)

Fifty grams of sea cucumber tissue were mixed with 250 mL of 70% ethanol and subjected to
MAE for two cycles of 5 minutes at 2 W and 56°C. The extract was filtered, evaporated at 40°C,
and stored at 4°C.

2.3.4 Antioxidant Assay

A stock solution of the sea cucumber extract was prepared at a concentration of 1,000 ug/mL
by dissolving 2 mg of the extract in 2 mL of methanol. The extract solution was then diluted to
create a series of concentrations: 1,000, 500, 250, 125, and 62.5 pg/mL. A 0.1 uM DPPH solution
was prepared by dissolving DPPH crystals in methanol, ensuring the solution was protected from
sunlight. The blank solution was prepared by mixing 100 uL of DPPH solution with 100 pL of
methanol. The DPPH stock solution was mixed with the diluted extract solutions at a 1:3 ratio,
with 60 uL of DPPH solution and 180 pL of extract solution. The mixture was homogenized and
incubated at 37 °C for 30 minutes in a dark environment. Absorbance measurements were
conducted using a microplate reader at a wavelength of 517 nm. The percent inhibition and IC50
values were subsequently calculated.

3. Results

3.1. Extraction Yield

The extraction yield of sea cucumbers varied across different methods. The highest yield was
obtained through maceration, with values of 3.26% for Bohadschia marmorata and 2.91% for
Holothuria fuscopunctata, while Soxhlet extraction resulted in the lowest yield (1.89% and 1.95%,
respectively). MAE yielded 2.39% and 2.79%. Results are shown in Table 1.

Table 1. Yield of 70% ethanol extracts from two sea cucumber species obtained using different
extraction methods

Sea cucumber species Extraction methods Yield (%)
Maceration 3.26+04

Bohadschia marmorata Soxhletation 1.89 +1.34
MAE 2.39+0.32

Maceration 291+1.18

Holothuria fuscopunctata Soxhletation 1.95+0.81
MAE 2.79+0.34
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These results were lower than previous studies, which reported 4.43% for maceration
(Dwicahyani et al., 2018) and 5.5% for Soxhlet extraction using fresh samples (Wulandari et al.,
2021). Maceration yielded higher extraction efficiency than Soxhlet and MAE due to its lower
extraction temperature, preventing solvent evaporation. Ethanol (70%) was used as a solvent due
to its effectiveness in extracting both polar and semi-polar compounds (Yuliana et al., 2017).
Solvent volume also played a role, as an insufficient amount could limit compound extraction,
while excessive use could lead to solvent loss through evaporation (Wahyuningsih et al., 2024).

The sample condition also influenced yield. Fresh samples contained high moisture, which
could hinder compound extraction, while dried samples produced higher yields (Ardiansyah et
al., 2019). Smaller sample sizes increased surface area for solvent interaction, enhancing extraction
efficiency (Yulianti et al., 2020).

Extraction duration and cycles also impacted yield. Maceration (3 x 24 hours) allowed
prolonged solvent contact, facilitating better compound extraction. Soxhlet extraction (14 hours,
7 cycles) had lower yields due to continuous solvent recirculation, leading to compound
degradation (Kasiramar, 2018). MAE (5 minutes, 2 cycles) produced yields comparable to
maceration despite high temperatures, as microwave radiation rapidly heated the sample,
breaking cell walls and releasing compounds (Gupta et al., 2012). However, the lack of solvent
replacement and fewer extraction cycles may have limited MAE yields compared to maceration.

3.2. Identification of Active Compounds

Sea cucumber extract compounds were identified using thin-layer chromatography (TLC)
with silica gel 60 RP-18 as the stationary phase and methanol:water (6:4) as the mobile phase.
Phenolic compounds were the primary target due to their significant antioxidant activity.
Anisaldehyde reagent was used to detect phenols, terpenoids, and steroids (Stahl, 1969).
Compound presence was determined by color spots and Rf values under visible and UV light
(254 nm and 366 nm). Results are shown in Figure 1 and Table 2.

Sample A, Anisaldehyde, Sample A, Anisaldehyde, Sample A, Anisaldehyde,
Visible Light UV 254 nm UV 366 nm

Figure 1. TLC profile of sea cucumber extracts Bohadschia marmorata (A) obtained using
maceration (M), Soxhlet extraction (SO), and MAE (E) methods
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Sample B, Anisaldehyde,

Visible Light

B-SO

Sample B, Anisaldehyde,
UV 254 nm

Sample B, Anisaldehyde,
UV 366 nm

Figure 2. TLC profile of sea cucumber extracts Holothuria fuscopunctata (B) obtained using
maceration (M), Soxhlet extraction (SO), and MAE (E) methods

Table 2. Detection results of compounds in sea cucumber extracts using different

extraction methods

Sample Reagent Rf value Spot color Suspected
Compound
0,1 Green Terpenoid
A-M Anisaldehyde 0,18 Yellow Phenol
0,29 Purple Steroid/triterpenoid
i 0,1 Green Terpenoid
A-SO Anisaldehyde 0,12 Yellow Phenol
0,16 Purple Steroid/triterpenoid
0,1 Blue-green Terpenoid
A-E Anisaldehyd
isadenyce 0,13 Purple Steroid/triterpenoid
0,13 Purple Steroid/triterpenoid
0,2 Blue Steroid/triterpenoid
B-M Anisaldeh
isaldehyde 0,34 Dark purple-black Steroid/triterpenoid
0,4 Blue Steroid/triterpenoid
0,16 Purple Steroid/triterpenoid
B-SO Anisaldehyde 0,2 Blue Stero%d/ttherpeno%d
0,36 Dark purple-black Steroid/triterpenoid
0,4 Blue Steroid/triterpenoid
0,16 Purple Steroid/triterpenoid
. 0,2 Greenish-blue  Steroid/triterpenoid
B-E Anisaldehyd
isaidetyde 0,34 Dark purple-black Steroid/triterpenoid
0,4 Blue Steroid/triterpenoid
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After spraying with anisaldehyde reagent, the TLC plates showed different spot colors,
including green, yellow, blue, and purple. The detected compounds included phenols and
steroids/triterpenoids. According to Wagner & Bland (1996), phenols appear as yellow to brown
spots, while steroids/triterpenoids range from blue to purple. This aligns with Putram et al. (2017),
who found that blue and purple spots indicate steroids/triterpenoids, while yellow spots confirm
phenols in sea cucumber extracts. However, phenols were not fully detected, possibly due to their
low concentration or degradation from high extraction temperatures and anisaldehyde drying.
Lubis et al. (2023) noted that active compound levels in sea cucumbers are influenced by habitat,
diet, age, and predator interactions.

In addition, this assay is a widely recognized limitation of qualitative phytochemistry
screening, which relies on simple color-change, precipitation, or foaming reactions to detect major
compounds abundantly contained in the extracts, while low-concentration compounds will not
be detected. This phytochemical assay is a preliminary test, which is designed for speed and cost-
effectiveness method.

Silica gel 60 RP-18 TLC plates function differently from standard silica gel 60 F2s4 plates. The
latter allows non-polar compounds to move faster, reaching higher Rf values, while RP-18 plates
retain non-polar compounds and allow polar compounds to migrate further. Despite differences
in spot positioning, compound identification remains consistent (Sjursnes et al., 2014). Thus, the
detected steroids/triterpenoids were confirmed as non-polar due to their low Rf values.

3.3. Antioxidant Activity

Antioxidant activity measures a compound's ability to neutralize free radicals. ICso
(Inhibitory Concentration 50) is used to assess the strength of active compounds in combating
free radicals. The ICso values of Bohadschia marmorata and Holothuria fuscopunctata extracts using
different extraction methods are shown in Figure 2

1000 894 £ 17.75 889 = 28,2 1200 U6 £33.1% | oo & 1100

—~ 800 ~~ 1000 897 + 5.82
= 625 £ 8.22 E 300
£ 600 =
S 400 S 600
5 g 400
= 200 200

0 0

Maceration Soxhletation MAE Maceration Soxhletation MAE
(a) (b)
Bohadschia marmorata Holothuria fuscopunctata

Figure 3. Antioxidant activity values of sea cucumber extracts obtained using different
extraction methods

The analysis showed that different extraction methods significantly affected the antioxidant
activity of sea cucumber extracts (p < 0.05). The lowest ICs0 values, indicating the strongest
antioxidant activity, were obtained from maceration (625 pug/mL for Bohadschia marmorata and 897
ug/mL for Holothuria fuscopunctata). In contrast, Soxhlet extraction yielded the highest ICso values
(894 pg/mL and 1163 ug/mL), followed by MAE (889 ug/mL and 1089 pg/mL). Since lower ICso
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values indicate stronger antioxidant activity, all extracts were classified as very weak antioxidants
(>200 ppm) (Molyneux, 2004).

These findings differ from previous studies, where fresh B. marmorata and H. scabra extracts
had ICso values of 100.66 ug/mL and 43.58 pg/mL (Nugroho et al., 2021), and dried H. scabra
showed an ICso of 33.77 ug/mL (Hossain, 2022). The weak antioxidant activity observed may be
due to the crude nature of the extracts, which still contained interfering compounds such as salts
and minerals. Environmental factors also influence antioxidant content, as sea cucumbers
produce higher levels of secondary metabolites in stressful habitats (Avigail et al., 2019).
Additionally, the extracted body part affects activity, with internal organs showing higher
antioxidant potential than body walls due to their nutrient content (Oktaviani et al., 2015).

Among the extraction methods, maceration produced the strongest antioxidant activity,
likely because it does not involve heat, preserving thermolabile compounds such as flavonoids.
In contrast, Soxhlet extraction and MAE involve high temperatures (60-70°C and 56°C,
respectively), which may degrade flavonoids and reduce antioxidant activity. The results show
that the bioactive compounds in the sea cucumber extracts were sensitive to the heat. This finding
is in line with previous studies (Wulandari et al., 2021; Yuliantari et al., 2017). Antioxidant activity
is influenced by compound concentration, temperature, oxygen exposure, lipid content, and
chemical composition (Sayuti & Yenrina, 2015).

The antioxidant activity of the samples corresponded with the phenolic compounds detected
qualitatively in the samples. Both samples contained steroid and triterpenoid, however, only
sample A (Bohadschia marmorata) was detected to have phenol and terpenoid as previously
reported. Therefore, we suggest that this antioxidant activity is in corresponding with the phenol
and triterpenoid contents. This finding is consistent with previous studies (Misgiati et al., 2024;
Debi et al., 2025).

5. Conclusions

The maceration method was the most effective extraction technique in terms of yield and
antioxidant activity compared to other methods. Maceration resulted in a higher extraction yield
and lower ICso values, indicating stronger antioxidant activity than Soxhlet and microwave-
assisted extraction. All sea cucumber samples contained steroid/triterpenoid compounds.
However, the antioxidant activity of the extracts was classified as very weak. The best antioxidant
activity was observed in maceration extracts, with ICs values of 625 ug/mL for Bohadschia
marmorata and 897 ug/mL for Holothuria fuscopunctata.
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