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Abstract. An extreme environment produces an increase in the secretion rate of bioactive compounds of
sea cucumbers. The research aims to explore the bioactive compounds of Holothuria atra from different
habitats in Karimunjawa National Park, Indonesia. A total of 15 individual samples of sea cucumber H.
atra were collected from the waters of Menjangan Besar, and 20 individuals from Alang-Alang waters.
Sample extraction was carried out by maceration. Crude extract was obtained using an evaporator at
40°C. The extract yield was obtained by comparing the weight of the crude extract with the extract that
has been evaporated. The analysis of steroid compounds, flavonoids, alkaloids, saponins, and phenols
was conducted. Both sample lots from the Menjangan Besar and Alang-Alang waters contained the
aforementioned compounds. However, the concentration of phenol, flavonoid, and alkaloid compounds in
Menjangan Besar waters are higher than those from Alang-Alang waters, while the saponin compound
content is relatively lower. The results of the analysis of variance at 95% confidence level showed that
the content of flavonoid, alkaloid, and saponin compounds in the 2 observation locations were not
significantly different, but the contents of phenol compounds were significantly different. The discovery of
the potential of phenol and flavonoid compounds of H. atra sea cucumber, especially from Menjangan
Besar waters as a cultivation zone, provides an alternative development of pharmaceutical products and
health supplements to support conservation-based management plans.
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Introduction. Overexploitation of commercial sea cucumbers in the waters of the
Karimunjawa National Park are causing a significant population decline, thus threatening
the sustainability of its use. Sea cucumbers have an important role in increasing diversity
and preventing the process of eutrophication in their habitat (Hou et al 2017), and this is
the effect of the sea cucumber bioturbation process. Therefore, alternative management
of sea cucumbers based on conservation, integrated with the cultivation system is
needed.
Most of the Karimunjawa region is part of the Karimunjawa National Park, which is
divided into various zones, including the Menjangan Besar cultivation zone and the
rehabilitation zone in the west coast of Karimunjawa Island (Alang-Alang waters)
(Sulisyati et al 2018). These regions are suitable to be used as sea cucumber habitats
(Sulardiono et al 2017). There are 18 species of sea cucumbers that are captured and
traded in Karimunjawa (Purwati et al 2010). These species are categorized in 3 groups,
according to their commercial value: high, medium and low. The sea cucumber
Holothuria atra (Jaeger 1833) (Echinoderm: Holothuria) belongs to the Holothuria genus
and is classified under the non-commercial sea cucumbers, living as a benthic
invertebrate, and appearing abundantly in the waters of the Karimunjawa National Park.
Sea cucumbers have the potential to produce bioactive compounds that can be
used as raw materials in medicine (Albuntana et al 2011). This is because sea cucumbers
contain various bioactive compounds including peptides, phenols, polysaccharides,
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glycosides, triterpenes and several others. There is a relationship between the
environment and the rate of secretion of sea cucumber bioactive compounds. In extreme
environments, sea cucumbers tend to secrete more bioactive compounds. This relates to
the function of bioactive compounds as protection against interference from pathogenic
bacteria on their bodies as a result of these extreme environmental impacts. Verpoorte &
Alfermann (2000) state that bioactive compounds are a form of secondary metabolic
compounds that function to defend organisms from adverse environmental conditions,
and to protect themselves physiologically by increasing the rate of secretion of these
bioactive compounds. Referring to the statement, Menjangan Besar waters, as a tourism
and cultivation zone, tends to have a poor environmental quality and increased
environmental degradation due to the impact of human activities. The more extreme the
environment is, the more increased the secretion of bioactive compounds released from
the body of sea cucumbers will be. The hypothesis proposed is that sea cucumbers in the
waters of Menjangan Besar tend to produce higher bioactive compounds compared to the
sea cucumbers in Alang-Alang, which is assumed to have a better environmental quality,
as a rehabilitation zone.
This study aims to explore H. atra bioactive compounds from different habitats in
Karimunjawa National Park, Indonesia. The results of the study can be used as
information for conservation-based resource management in Karimunjawa National Park,
Indonesia.
Material and Method
Materials used. The tools used in the study include: macerator, incubator, distillators,
micropipettes with 50, 100, and 100 μL volume, micropipette tips, knife, oven,
Erlenmeyer flask, analytic scales, separating funnel, measuring cup, autoclave, tweezers,
Bunsen (spirit) burners, test tubes, magnetic stirrers, drop pipettes, stirring rods,
refrigerator, and tweezers. The samples analyzed in this study are H. atra sea cucumbers
harvested from both study regions. The chemicals used to analyze the contents are
Aquadest, 96% ethanol, 10% ammonia (Merck), chloroform (Merck), 2N hydrochloric
acid (Merck), Mayer reagent, magnesium powder, iron reagent, chloride reagent, 1%
gelatin solution, ether (Merck), vanillin sulfate reagent and 1N sodium hydroxide (Merck).
Research location. H. atra sea cucumber samples were collected from the waters of the
Karimunjawa National Park Region, Central Java Province, Indonesia, in July 2018. The
samples were collected from two places with different environmental characteristics,
namely from the waters of Menjangan Besar (station A), which is a tourism and
cultivation zone and from Alang-Alang waters (station B), which is a rehabilitation zone.
A map detailing the research locations is presented in Figure 1.
Sampling sea cucumbers. 15 individual H. atra sea cucumbers from the waters of
Menjangan Besar and 20 individual H. atra sea cucumbers from the Alang-Alang waters
were collected. The sea cucumbers were cleaned, dissected and part of the body wall was
collected. The body wall sample was inserted in a cool box and transported to the
Fisheries Product Laboratory, Faculty of Fisheries and Marine Sciences, Diponegoro
University, Semarang, for further analysis.
Extraction and analysis. The extraction was carried out by a modified maceration
process after Roihanah et al (2012). 1 kg of samples from both observation stations were
sliced into small pieces, and stored in a 300 mL ethanol 96% solution with the ratio of
samples to solvents of 1:4 (b/v) for 72 hours. The samples were filtered with Whatman
filter paper. The separation was done with an evaporator at 40°C, so that crude extracts
could be obtained. The results of weighing the crude extract were compared with the
extract that has been evaporated, so that the extract yield could be obtained.
Analysis of steroid compounds was conducted using the technique defined by
Rasyid (2012), which involved taking 1 g of sea cucumber extract and dissolving it in 0.5
mL chloroform, in a test tube. 0.5 mL of anhydrous acetic acid was added to the
dissolved extract, then 1-2 mL of concentrated H2SO4 was slowly dropped in the tube and
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was left to dry. The appearance of a blue or purple color indicates the presence of steroid
compounds.

Figure 1. The research location at Karimunjawa National Park, Indonesia.
Analysis of flavonoids was conducted using the technique defined by Suryanto (2008). 5
g of sea cucumber extract were dissolved in 100 mL of distilled water, and 25 mL of 10%
acetate acid in ethanol was added to the mixture. The sample was grinded and the
solution was separated from the filtrate by using filter paper. 1 mL of filtrate was taken,
and 2 mL of 5% AlCl3 solution was added to the filtrate. 10 mL of Aquadest was added.
The absorbance of the final solution was determined using a spectrophotometer with a
wavelength of 420 µm. The results were calculated using the Quercetin standard curve.
Analysis of alkaloids was conducted using the technique defined by Harborne
(1987). 5 g of sea cucumber ethanol extract were dissolved in 100 mL of distilled water.
25 mL of 10% acetic acid in ethanol was added to the solution, and the solution was
stirred until a smooth consistency was obtained. The solution was incubated for 2 hours
and then filtered, to obtain alkaloid filtrate deposits, so that the filtrate could be
obtained. The filtrate was evaporated. NH4OH was added to the filtrate until a white
precipitate was formed as an alkaloid. The filter paper was weighed for further use. The
precipitate was filtered and washed using 1% ammonium hydroxide solution. Filter paper
containing sludge was dried in an oven at 60°C for 30 minutes. After cooling, the
precipitate was weighed to obtain a constant weight. The alkaloid yield was determined
from the weight presentation of the alkaloids obtained from the initial weighing sample.
Testing was repeated 3 times.
Analysis of saponins was carried out using the technique defined by Harborne
(1987). 5 g of sea cucumber extract were dissolved in 100 mL of distilled water into the
test tube. 25 mL of ethanol 75% were added and then stirred until a homogeneous mix
resulted and the mix was left for 30 minutes, until the suspensions settled. The solution
in the top layer was collected with a pipette and placed in a container, then dried with the
oven to a constant. Saponin levels can be obtained by calculating the difference in
constant weight (final weight).
Analysis of phenols was done using the technique defined by Harborne (1987). 5 g
of sea cucumber extract were dissolved in 100 mL of distilled water in a test tube. The
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filter paper was used to separate the solution from the filtrate. 1 mL of filtrate was
collected. 0.5 mL of Follin type and 1 mL Na 2CO3 saturated solution were added to the
filtrate and the mix was left to rest for 10 minutes. Distilled water was added until the
volume of the solution reached 10 mL. The mixture was homogenized with a vortex. The
absorbance reading was carried out using a spectrophotometer with a wavelength of 730
µm. The results were calculated by using the standard curve for phenol measurement.
Data were processed using SPSS for Windows version 17.0 (IBM Corp, USA). To
verify the difference in the value of the bioactive compound content observed between
stations, statistical tests were used with variance analysis methods at a 95% confidence
level.
Results and Discussion
Potential of H. atra bioactive compounds. Various types of bioactive compounds,
including steroids, flavonoids, alkaloids, phenols, and saponin compounds were found in
sea cucumbers from both study sites. Extracts presented a yield of 2.37% in the
Menjangan Besar habitat and 4.38% in the Alang-Alang habitat, with a pH value of
4.79±0.04 and 4.89±0.03, respectively. The results of phytochemical screening tests on
each class of bioactive compounds can be seen in Table 1.
Table 1
Bioactive compounds of Holothuria atra from the Menjangan Besar and Alang-Alang
habitats
Test compound
Steroids
Flavonoids (ppm)
Alkaloids (%)
Saponins (%)
Phenols (ppm)
pH
Extract yield (%)

Average content of bioactive compounds ± SD
Menjangan Besar habitat
Alang-Alang habitat
+
+
58.5±7.90
48.8±2.80
7.39±1.28
6.98±1.22
3.05±1.02
5.65±1.30
1277±67.0
614±37.0
4.79±0.04
4.89±0.03
2.37
4.38

Note: + - compound was found.

The potential of H. atra bioactive compounds based on their habitat
characteristics. There were no significantly different results between the bioactive
compounds of sea cucumbers from Menjangan Besar and Alang-Alang waters, except for
phenol compounds with a P value of 0.0001 (<0.05) (Table 2).
Table 2
Analysis of variance test results for the content of Holothuria atra bioactive compounds
from the Menjangan Besar and Alang-Alang habitat
Bioactive compound
Flavonoids (ppm)
Alkaloids (%)
phenols (ppm)
Saponins (%)

P value
0.1179
0.7099
0.0001*
0.0840

95% confidence level (α=0.05)
0.05
0.05
0.05
0.05

Note: * - shows a significant difference.

The over-exploitation of seawaters causes highly commercial sea cucumbers to
experience a significant population decline, which renders the loss of some sea cucumber
species. This is demonstrated by the results of previous research conducted by
Sulardiono (2016), which explains that the commercial sea cucumber H. scabra found in
Karimunjawa waters had the lowest biomass from the species identified, which implies
the status of overexploitation. Globally, the decline of H. scabra populations is observed
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by a CITES (2006) study, which stated that H. scabra species are overexploited.
Therefore, alternative conservation based resource management is needed.
One of the alternatives that can be used to preserve the current state of the sea
cucumber populations is using alternative non-commercial sea cucumbers as
pharmaceutical and health industry materials. This method allows unlocking the hidden
potential possessed by several species of sea cucumbers that have never been used as a
medical product ingredient, and it can reduce the exploitation of the other species of sea
cucumbers in the sea. Therefore, we need data and information about bioactive
compounds in these non-commercial sea cucumbers.
Many organisms from the sea provide various extraction metabolites (Shakouri et
al 2017; Gallimore 2017) as source material for the development of therapeutic drugs
(Sohair 2018). Sea cucumbers are a potential source of high value compounds, such as
triterpenes glycosides, carotenoids, bioactive peptides, vitamins, minerals, fatty acids,
collagen, gelatin, chondroitin sulfate, and amino acids (Pangestuti & Arifin 2018), which
can be utilized for medicinal purposes. As in other sea cucumber species categorized in
the Aspidochirotida order, H. atra sea cucumber, which is currently a non-commercial sea
cucumber, contains bioactive compounds as well as secondary metabolites, which can be
used as a source of medicinal ingredients (Farjami et al 2013). The structure,
physicochemical properties and pharmacological effects of bioactive compounds that have
anticoagulant, antithrombotic, antioxidant, anticancer, anti-infection and other important
activities have been described by Khotimchenko (2018). Through biotechnology, these
marine resources can be utilized as ingredients or can be modified to produce several
medicines with various benefits to support the development of pharmaceutical and health
products.
H. atra belongs to the genus Holothuria and the order of Aspidochirotidae (Rowe
1969). In Karimunjawa, this species has not been utilized optimally and has a low
commercial value, because it is considered to have a low beneficial value. Although H.
atra extract does not present a high content in beneficial compounds, if its potential is
enhanced with technological support and community participation, it will provide
opportunities for local communities to increase its economic value, and reduce sea
cucumber fishing activities, so that conservation and economic goals can be integrated
and made sustainable.
The results showed that phenolic bioactive compounds and flavonoid extracts of
H. atra sea cucumber are relatively high compared to other bioactive compounds,
especially for the samples collected from Menjangan habitat, which show 1.277±67 ppm
phenolic compound and 58.5±7.9 ppm flavonoids. The samples from Alang-Alang had
614±37 ppm phenolic compounds and 48.8±2.8 ppm flavonoids. Dhinakaran & Lipton
(2014) confirm that H. atra has various compounds, including flavonoids, phenols,
saponins, and alkaloids. According to Putram et al (2017), H. atra sea cucumber crude
extract contains a class of flavonoids compounds known to have antihypertensive
activities. Moreover, according to Tungmunnithum et al (2018), the phenolic and
flavonoid compounds of H. atra possess antioxidant properties and other important
functions with beneficial effects to human health, like antibacterial, anti-coagulation, antifungal, anti-inflammatory, anti-malaria, and anti-virus properties (Bhuyan & Basu 2017),
and immune properties, cardio-protective properties, and skin protection from ultra violet
radiation.
The phenolic compounds of H. atra discovered in this study were in accordance
with the results of a previous study (Esmat et al 2012), which stated that H. atra sea
cucumber contains relatively high levels of phenol compounds derived from
phytoplankton and macro-algae degradation, as the main food of sea cucumbers.
According to Mfilinge & Tsuchiya (2016), sea cucumbers consume algae (diatoms and
green macroalgae) and detritus, these substances being a potential source of phenol
compounds. There is an increase in domestic waste originating from the activity zone of
cultivation in the waters of Menjangan Besar. This facilitates phytoplankton blooming,
which contributes to a significant increase in bioactive compounds. According to
Sulardiono et al (2018), the results of the chlorophyll-a (phytoplankton) measurement in
Menjangan Besar waters include them in the oligotrophic category. Based on this result,
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it can be explained that the content of phenol compounds in H. atra is higher in the
Menjangan Besar waters (cultivation zone), than that of H. atra from Alang-Alang waters
(rehabilitation zone).
Sea cucumbers in unfavorable environmental conditions tend to adapt by
increasing structural and functional secretion of bioactive compounds (Rizzo & Lo Giudice
2018). Marine organisms produce a variety of bioactive compounds because of the
diversity of biological resources that are found in harsh environments (Mondol , et al
2017), including a decrease in the quality of their habitat. The implication of this
condition supposedly causes the phenolic and flavonoid bioactive compounds in H. atra
from Menjangan Besar waters to be higher than those from Alang-Alang waters. The
Menjangan Besar waters are designated as a cultivation zone, which allows the area to be
used as a development zone of H. atra for the pharmaceutical and health fields through
technology enhancement and community participation.
The interesting thing in this research is that there are significant differences in
phenolic MOM compounds between Menjangan Besar habitat and Alang-Alang habitat.
Based on these facts, the existence of sea cucumber phenolic compounds is closely
related to the environment of sea cucumber growth. The presence of phenols in the body
of sea cucumbers is influenced by the level of ocean acidity and the dynamics of
sedimentary organic matter. According to Min et al (2015), an increase in CO2,
temperature, nitrogen deposition, and drought can increase the production of phenolic
compounds, which leads to changes in the dynamics of sedimentary organic matter. This
happens because phenolic compounds are used to control the rate of decomposition of
sedimentary organic matter, stabilizing organic carbon in the ecosystem. The increase in
ocean acidity can affect the structure and function of phenol chemical compounds. As
stated by Jin et al (2015), ocean acidity increases the phytoplankton phenolic production
by 46-212%, as a growing source of phenol below the CO 2 concentrations in the
surrounding environment.
Based on the results of the study, the potential for bioactive compounds in the
waters of Menjangan Besar as a cultivation zone can be developed by cultivating H. atra,
and changing its classification from a non-commercial into a commercial sea cucumber
for local communities. According to Lawrence et al (2009) and Mayer et al (2013), sea
cucumbers have the potential to be developed as medicinal products and healthy food.
Based on this data, the development of new products from bioactive compounds has
become an important aspect in innovations in new drug products.
Conclusions. The discovery of the potential of phenol compounds and flavonoids of H.
atra, specifically from Karimunjawa waters, provides an alternative development of
pharmaceutical products and health supplements to support conservation based
management plans, such as integration between conservation and economic aspects.
This needs to be done because conservation is able to reduce sea cucumber harvesting
efforts and might increase the population of sea cucumbers, while the economic aspect
can be achieved through increasing biotechnology and local community participation,
which provides economic value. The results of this study indicate that the Menjangan
Besar waters, as a cultivation zone, can be used as a development area for sea
cucumbers.
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