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Abstract

Sea cucumbers are a group of marine invertebrates harvested throughout tropical and subtropical regions. In addition to their nutri-
tional value, they have economic importance in the pharmaceutical and cosmetic industries. The most frequently consumed portion
is the body wall, which also contains most of the active constituents known to have anticancer, anti-inflammatory, antimicrobial,
antioxidant, and other bioactive properties. This review covers the literature from the last decade (2011-2020) regarding the biopros-

pecting of sea cucumbers to discover resources for pharmaceutical and cosmetic products.

Keywords

cosmetics, nutritional, pharmaceutical, sea cucumber

Introduction

Sea cucumbers are marine invertebrates distributed wor-
ldwide from shallow to deep-sea habitats (Rahman and
Yusoff 2017; Gocer et al. 2018). At present, there are ap-
proximately 1250 species of sea cucumber (phylum: Echi-
nodermata; class: Holothuroidea) (Kareh et al. 2018), of
which 58 are considered commercially important. Sea cu-
cumbers have been harvested and traded in more than 70
countries around the world. They are exploited in indus-
trialized, semi-industrialized, and small-scale fisheries in
arctic regions, temperate zones, and the tropics (Purcell et
al. 2012). In the global market, sea cucumbers are typical-
ly processed as a dried product, known as beche-de-mer,
trepang, or haisom (Sicuro and Levine 2011). While Asian
countries are the predominant consumer market for sea
cucumbers, they have gained in popularity around the

world in recent years, resulting in a dramatic increase in
demand (Aydin et al. 2011; Liu et al. 2017). Overfishing
has depleted the wild stocks of sea cucumbers, with 70%
of tropical sea cucumbers reported being fully exploited,
over-exploited, or depleted (Purcell et al. 2012), encoura-
ging the culturing of this economically valuable resource.

Sea cucumber is regarded as a delicacy in the Far East
and Southeast Asia, where it is prepared locally in vari-
ous traditional ways, both fresh and dried (Omran 2013).
Along with their nutritional value, sea cucumbers are ther-
apeutically and medically valuable as an important source
of biological molecules with anticoagulant, antioxidant,
anticancer, antimicrobial, and antiviral activities (Kareh et
al. 2018). Over the past decades, the focus of research and
industry has shifted to marine organisms for the discov-
ery of bioactive substances due to shortages in terrestrial
bioresources (Guo et al. 2020). Compounds isolated from
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marine organisms are typically unique from those found in
terrestrial organisms. At present, more than 40,000 natural
products, many displaying pharmacological activities, have
been isolated from marine organisms, including sponges,
tunicates, mollusks, cnidarians, echinoderms, bryozoans,
brown algae, red algae, green algae, and other microorgan-
isms (Liu et al. 2017). Such biologically active compounds
can be directly used as pharmaceutical substances or as
prototypes for the development of compounds with a novel
or improved pharmacological properties (Khotimchenko
2018). Additionally, sea cucumber components, such as
polysaccharides, collagen, mycosporine-like amino acids,
saponin, vitamins, and minerals(Siahaan et al. 2017), have
the potential for use in the cosmetic industry.

Nutritional value of sea
cucumbers

Sea cucumbers are extensively consumed in China and Ja-
pan (Ram et al. 2014). As such, the biochemical content of
sea cucumber is largely explored in relation to its nutritio-
nal value (Al Azad et al. 2017). As a commercial product,
sea cucumbers are graded based on parameters, such as
species, odor, taste, body wall thickness, color, size, shape,
texture, appearance, market demand, and moisture content
appropriate to storage (Ram et al. 2014). The high-quality
proteins, low level of fat, rich amino acid profile, and desi-
rable trace minerals found in sea cucumbers contribute to
their high nutritional value (Ceesay et al. 2019). Additional-
ly, they are believed to have therapeutic efficacy for various
diseases and conditions, such as hypertension, rheumatism,
asthma, incisions, burns, and constipation, which can be
traced to their biochemical composition (Kim et al. 2016).

Proximate composition of sea cucumbers

The proximate composition of sea cucumbers varies with
species, feeding regimes, geographical location (Oh et al.
2017), and seasonal variation (Aydin et al. 2011) (Table 1).
While sea cucumbers are known to have a high protein

content, they are primarily consumed because of their
flavor rather than nutritional value. Informing consumers
on the nutritional composition of sea cucumbers may
help them to appreciate the benefits of including this sea-
food in their diet (Barzkal et al. 2017).

The proximate moisture, ash, protein, and fat compo-
sition of fresh sea cucumbers varies from 67.93-93.01%,
2.01-7.86%, 3.40-8.86%, and 0.09-2.43%, respectively.
Most fresh sea cucumbers have higher moisture content in
their body wall than other seafood (Salarzadeh et al. 2012).
Their high moisture content was considered as a tonic by
fisheries when going to sea. Ash content varies with the
mineral deposits and other inorganic matter in sea cucum-
ber (Al Azad et al. 2017). The species, food, feeding pat-
terns, environmental conditions, and reproductive activity
may influence sea cucumber fat content (Lee et al. 2012).

The drying process alters the moisture, ash, protein,
and fat content of fresh sea cucumber to 4.03-16.19%,
5.75-48.22%, 36.99-72.25%, and 0.55-8.19%, respective-
ly. Fully dried sea cucumber material may contain high
protein and is sold as a nutraceutical in capsule and tablet
forms (Bordbar et al. 2011).

Mineral content of sea cucumbers

Minerals, such as calcium, sodium, magnesium, and
phosphorus, are essential to humans. Unfortunately, infor-
mation about mineral content in sea cucumbers is limited
(Gocer et al. 2018). However, measurements of calcium
(656-5700 mg/100 g dry weight (DW)), potassium (30-
360 mg/100 g DW), and magnesium (155-4750 mg/100 g
DW) suggest that sea cucumbers could be a viable alter-
native natural source of minerals (Table 2). Major mineral
content appears to vary by sea cucumber species. Season,
maturity, age, water temperature, availability of food, type
of diet, and feeding system are reported to influence macro
mineral levels in seafood (Oglunoglu and Oglunoglu 2017).
For example, the phosphorus content is considerably high
in Holothuria scabra (86.69 mg/100 g wet weight (WW))
(Table 2). In addition, sea cucumbers are reported to contain
vitamins, including A, B1, B2, and B3 (Bordbar et al. 2011).

Table 1. Proximate content (%) of fresh and dried sea cucumbers (mean values + standard deviation).

Sea cucumbers Moisture Ash Protein Fat References
Fresh sea cucumbers
Apostichopus japonicus 90.72 + 0.35 3.20 + 0.40 3.40+0.18 0.14 + 0.05 Lee etal. (2012)
Holothuria arenicola 93.01 + 0.01 2.01+0.01 4.40 + 0.09 0.60 + 0.04 Barzkar et al. (2017)
Holothuria mammata 85.24 + 0.30 5.13+0.10 7.88 +0.30 0.09 + 0.08 Aydin et al. (2011)
Holothuria tubulosa 84.30 + 0.20 6.13 + 0.60 8.02 +0.30 0.18 + 0.05 Aydin et al. (2011)
Holothuria poli 81.24 + 0.40 7.85+0.90 8.66 + 1.20 0.15 + 0.04 Aydin et al. (2011)
Holothuria parva 67.92 + 3.81 32,74+ 1.17 17.61 + 0.95 243 +0.53 Salarzadeh et al. (2012)
Holothuria scabra 84.55 + 001 7.38 +0.07 6.95 + 0.04 0.78 +0.02 Ardiansyah et al. (2020)
Stichopus horrens 92.88 +0.03 5.41 + 0.06 3.47 +0.15 0.41 +0.01 Barzkar et al. (2017)
Dried sea cucumbers
Actinopyga echinites 9.30 +0.10 29.25+0.25 60.20 + 0.20 1.25 +0.01 Ibrahim et al. (2015)
Holothuria atra 9.90 + 0.01 31.58 +0.42 58.20 +0.72 1.32+0.01 Ibrahim et al. (2015)
Holothuria lessoni 13.47 + 0.89 34.51 +0.59 41.18 +2.11 3.04+0.12 Andriamanamisata and Telesphore (2019)
Holothuria scabra 9.12 +0.25 5.76 + 0.37 72.25 + 0.59 1.95+0.11 Sumarto et al. (2019)
Holothuria tubulosa 16.19 + 1.51 46.43 + 0.51 44.55 + 1.01 0.71 +0.12 Sicuro et al. (2012)
Holothuria poli 22.03 +3.07 48.22 +1.09 36.99 + 0.62 0.55+0.12 Sicuro et al. (2012)
Parastichous californicus 4.03 +0.19 25.73 +0.25 47.04 + 0.53 8.19+0.27 Bechtel et al. (2013)
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Table 2. Minerals content (mg/100 g) of fresh and dried sea cucumbers (mean values + standard deviation).

Mineral Actinopyga Holothuria Holothuria poli*  Holothuria scabra® Holothuria Holothuria Parastichopus
mauritiana® arenicola® tubulosa® (pratyperona) californicus®
sanctori®

Nickel 0.19 + 0.02 0.25+0.03 - - - - 0.40 +0.13
Manganese 5.23 +0.04 5.85+0.07 - - - - 4.36 +0.43
Copper 0.95+0.01 5.11+0.10 - - - - 0.35+0.02
Zinc 4.28 +0.06 523 +0.04 1.74 + 0.04 - 1.40 + 0.06 - 4.04 +0.43
Sodium 4750 +12.50 6220 +9.10 - 380.79 +2.21 - 552.39 +0.29 8.80 +0.02
Potassium 520 + 3.54 620 + 9.00 - 30.08 + 0.08 - - 0.40 + 0.01
Calcium 5700 + 7.07 2610 + 8.54 - 1374.51 + 4.25 - 656.73 +0.12 2.50 +0.02
Magnesium 4750 + 2.86 1870 + 11.36 - 240.88 + 2.88 - 155.77 + 0.15 1.40 +0.01
Iron - - 2.45 +0.06 4.59 +0.02 1.94 + 0.02 - -
Phosphorus - - - 86.69 +2.00 - 10.91 +0.19 0.50 +0.01
Selenium - - 0.42 + 002 - 0.42 + 0.04 - -
References  Haider et al. (2015) Haider et al. (2015) Sicuro et al. (2012) Ardiansyah et al. (2020) Sicuro etal. (2012)  Gocer et al. (2018)  Bechtel et al. (2012)

Note: * = dried sea cucumber; ® = fresh sea cucumber.

Table 3. Amino acids profile (mg/100 g) of dried sea cucumbers (mean vaues + standard deviation).

Amino acids  Actinopyga Bohadschia Holothuria Holothuria Holothuria Holothuria Holothuria poli Parastichopus
mauritiana marmorata arenicola scabra leucospilota tubulosa californicus
Histidine 0.65 +0.03 0.31 +0.02 1.41 +0.02 0.21 +0.02 0.36 +0.01 0.82 +0.12 0.88 +0.11 1.70 +0.01
Threonine 2.19+0.09 0.37 +0.03 4.59 +0.07 1.98 +0.02 2.73 +0.02 2.74+0.28 1.89+0.19 5.70 +0.01
Valine 2.13+0.10 2.00 +0.02 2.94+0.03 1.79 +0.20 1.51+0.01 1.23+0.12 1.37+0.21 4.80 +0.01
Isoleucine 0.43 +0.01 0.58 +0.02 3.37+0.24 0.58 +0.01 0.49 +0.01 0.88 +0.03 0.72 +0.03 3.60 +0.01
Phenylalanine 0.99 +0.02 1.19 + 0.01 2.80 +0.26 1.07 +0.01 0.75 +0.02 0.48 +0.34 0.72 +0.12 3.80 +0.01
Leucine 1.58 +0.02 1.73 +0.03 5.19 +0.06 1.89 +0.02 1.86 +0.01 1.56 +0.03 1.37+0.16 5.30 +0.01
Methionine 0.42 +0.02 0.41 +0.02 0.43 +0.07 0.29 +0.03 0.19 +0.01 0.63 +0.04 0.62 +0.06 2.20 +0.10
Cysteine - - - - - 0.22 +0.06 0.46 + 0.06 12.30 +0.20
Lysine 3.52+0.01 1.53 +0.01 2.06 +0.06 0.75 +0.01 0.73 +0.02 1.11 +0.15 0.77 + 0.07 4.10 +0.10
Arginine 0.99 +0.01 1.67 +0.01 6.12 +0.06 1.83 +0.05 1.71 +0.02 4.14 +1.09 3.58 +0.21 8.40 +0.10
Alanine 6.45 +1.02 6.53 +1.07 11.72 + 0.04 6.52 +1.05 5.80 +1.03 4.60 +0.41 3.71+0.23 5.60 +0.10
Glutamic acid 5.25+0.10 5.16 + 0.10 11.77 +0.02 4.97 +0.10 5.64+0.12 8.03 +0.34 6.18 +0.38 13.10 +0.20
Serine 2.11+0.10 2.31+0.10 4.54 +0.11 2.35+0.01 2.33+0.30 1.81+0.13 1.46 +0.08 3.10 +0.10
Proline 0.24 +0.02 2.21+0.01 7.56 +0.17 0.23 +0.01 0.14 +0.01 4.53 +1.09 4.90 +1.33 6.70 +0.10
Tyrosine 0.33 +0.01 0.54 +0.02 2.45+0.20 0.61 +0.01 0.49 +0.01 0.63 +0.14 0.03 +0.44 3.40 +0.01
Aspartic acid 4.48 +0.70 5.04 +0.70 15.71 +0.53 4.81+0.80 4.65+0.20 5.60 +0.01 4.40 +0.02 11.80 + 0.01
Glycine 18.79 + 1.01 18.80 + 1.10 17.33 +0.02 18.38 + 1.10 19.17 + 1.30 10.96 +2.72 7.41 +0.19 12.30 +0.20
References Omran (2013) Omran (2013) Haider et al. (2015) Omran (2013) Omran (2013) Sicuro et al. (2012) Sicuor et al. (2012) Bechtel et al. (2013)

Aminoacid compositionofseacucumbers

The amino acid profiles of various sea cucumber species
have been reported and are found to be influenced by spe-
cies and geographic location (Table 3). As free amino acids
can affect the quality of marine foods (Sicuro et al. 2012), it
is important to measure their content as well. In their free
form, amino acids give rise to sweetness, bitterness, sour-
ness, and umami; in particular, glutamic acid imparts a dis-
tinctive flavor and taste. Glycine (7.41-19.17 mg/100 g DW)
was the major free amino acid in almost all species, and glu-
tamic acid (4.97-13.10 mg/100 g DW), aspartic acid (4.48-
15.71 mg/100 g DW), and alanine (3.7-11.72 mg/100 g
DW) were also prominently featured (Table 3). Notably,
cysteine is the only amino acid not ubiquitously found in
sea cucumbers but is one of the most prevalent free amino
acids in Parastichopus californicus (Table 3).

Fatty acid composition of sea cucumbers

Fatty acid composition varied with species and habitat,
with many species having a different dominant fatty

acid (Table 4). However, arachidonic acid and cis-
5,8,11,14,17-eicosapentaenoic acid were prominent
components in most of the species. Surprisingly,
palmitoleic acid was the major component in
P californicus but was absent in Stichopus japonicus
and Actinopyga mauritiana. cis-10-Pentadecenoic
acid, the major component in both A. mauritiana
and H. arenicola, was not detected in Apostichopus
japonicus, Athyonidium chilensis, H. mammata, H.
tubulosa, H. poli, or P. californicus. Stearic acid has been
detected in all species but is the major component only
in A. chilensis.

Pharmaceutical properties of sea
cucumbers

Over the past decades, marine natural products have
attracted the attention of biologists, pharmacists, and
chemists around the world. Marine organisms produce
compounds that can be toxic or pharmaceutically useful
(Ghadiri et al. 2018) (Table 5).
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Table 4. Fatty acid profile (%) of dried sea cucumbers (mean value + standard deviation).

Fatty acid composition Apostichopus  Actinopyga  Athyonidi Holothuria ~ Holothuria  Holothuria  Holothuria  Parastichopus
japonicus mauritiana chilensis arenicola mammata tubulosa poli californicus
Myristic acid - 2.69 +0.04 1.94 +0.07 3.50 +0.20 1.43 + 0.06 0.78 +0.03 1.79 + 0.09 1.82 +0.04
Myristoleic acid - 1.42 +0.04 - 2.50 +0.26 0.72 +0.08 0.28 +0.40 0.62 +0.09 -
Pentadecanoic acid - 1.15+0.05 2.09 +0.20 2.10+0.26 4.67 +0.46 0.19 +0.27 0.53 +0.09 0.25+0.01
cis-10-Pentadecanoic acid - 14.44 +0.30 - 17.8 +0.33 - - - -
Palmitic acid 1.69 + 0.09 - 2.91+0.01 1.00 +0.20 - 3.23 +1.05 8.40 +0.07 10.90 + 0.09
Palmitoleic acid - 0.76 +0.11 - 1.10 + 0.06 4.62 +0.46 2.38 +0.08 3.81+0.15 14.99 + 0.06
Heptadecanoic - 249 +0.26 1.83 +0.10 3.90 +0.10 0.91 +0.05 0.43 +0.04 0.57 +0.10 -
cis-10-Heptadecanoic - 0.53 +0.01 - 0.60 + 0.04 0.20 +0.20 - - -
Stearic acid 3.63+0.12 0.53 +0.03 13.09 +0.10 0.80 +0.10 3.60 +0.04 2.52+0.24 3.24+0.08 6.84 +0.05
Oleic acid 4.34+0.27 5.55+0.15 8.08 + 0.05 6.60 +0.26 3.16 +0.23 2,67 +0.15 249 +0.24 4.96 +0.10
Linoleic acid 2.03 +0.11 3.04+0.03 1.80 + 0.04 2.30+0.01 3.81 +0.69 2.30+0.34 4.88 +0.17 -
Linolelaidic acid - 1.64 +0.01 - 2.60 +0.05 - 2.30 + 34 4.97+0.17 -
y-Linoleate acid - 13.05 + 0.05 - 10.00 + 0.06 - - - -
a-Linolenic acid 0.72 +0.09 1.31+0.01 - 1.30 +0.01 5.82+0.09 6.86 +0.42 5.56 +0.03 -
Arachidic acid 2.21+0.15 1.70 + 0.05 2.44 + 030 1.60 + 0.04 2.14 +0.08 2.04 +0.04 1.51+0.21 1.30 +0.01
cis-11-Eicosatrienoic acid 4.30 +0.27 0.45 + 0.05 3.85+0.30 0.60 +0.07 1.43 +0.04 1.05 + 0.04 1.14 +0.20 2.49+0.10
cis-11,14-Eicosatrienoic acid 1.00 +0.07 0.81 +0.01 1.66 +0.20 1.50 + 0.06 1.79 +0.27 1.88 +0.26 1.08 +0.20 -
cis-11,14,17-Eicosatrienoic acid - - - 0.40 + 0.10 2.35+0.47 0.17 + 0.24 0.96 + 0.15 -
cis-5,8,11,14,17-Eicosapentanoic acid ~ 16.30 + 0.84 4.14 +0.08 6.10 +0.01 153 +0.26 8.60 +0.81 8.20 +0.48 6.54 +0.50 12.34 + 0.04
Arachidonic acid 14.62 + 0.91 6.86 +0.03 10.24 + 0.04 14.60 + 0.36 1641 +0.19  20.36 + 0.35 11.20 + 0.36 7.05 +0.03
Heneicosanoic acid 1.26 +0.07 0.57 +0.03 0.90 + 0.08 0.70 + 0.06 2.30 +0.40 2.31+0.16 1.59 +0.21 -
Erucic acid 3.36 +0.25 1.77 +0.01 0.33 +0.02 1.70 + 0.02 2.36 +0.47 2.95+0.26 1.66 +0.27 1.30 +0.02
cis-13,16-Docosadienoic acid 1.47 +0.09 0.39 +0.02 - 0.40 +0.01 6.14 + 0.04 5.97 +0.15 3.63 +0.09 -
cis-4,7,10,13,16,19-Docosahexaenoic ~ 4.71 + 0.51 - - 1.80 + 0.05 7.24 + 0.04 5.00 +0.05 7.72+0.23 6.19 + 0.06
acid
Nervonic acid 1.40 +0.07 2.69 +0.02 244 +0.10 1.90 +0.02 3.89 +0.04 4.98 +0.38 2.64+0.24 1.67 +0.01
References Lou et al. Haider etal. Careagaetal. Haideretal.  Aydinetal Aydin et al. Aydinetal.  Bechtel et al.
(2012) (2015) (2012) (2015) (2011) (2011) (2011) (2013)

Anticancer activities

Cancer remains a leading cause of death worldwide.
Although high cure rates are achievable with currently
available drugs, these produce a wide range of side effects
(Sajwani 2019). As such, the identification of alternative,
and potentially less toxic, anticancer agents derived from
natural products is being pursued. Owing to their na-
tural origin and inclusion in nutritional food products,
bioactive compounds isolated from sea cucumbers are
being investigated for use as anticancer agents. However,
the mechanism of these compounds’ anticancer activi-
ties is unclear and requires a comprehensive study (Eso
et al. 2020).

Similar, noncytotoxic concentrations of an ethanolic
extract and aqueous fraction of H. poli were reported to
decrease the proliferation of MDA-MB-231 human breast

cancer cells by more than 50% and arrest the treated cells
in S-phase (Kareh et al. 2018). In this study, petroleum
ether, chloroform, ethyl acetate, and n-butanol organic
fractions showed no significant activity.

A chloroform extract of H. nobilis collected from
Philippine sea waters was reported to contain an
antitumor agent more potent and toxic (acute) than
Taxol and etoposide. Hexane and chloroform extracts of
H. fuscopunctata and a chloroform extract of S. chloronotus
also exhibit weak antitumor activities in brine shrimp and
are more toxic than standard anticancer drugs (Layson
et al. 2014). Three triterpene glycosides, fuscocineroside
C (1), scabraside D (2), and 24-dehydroechinoside A
(3), were isolated from H. scabra and showed significant
cytotoxicity compared to 10-hydroxycamptothecin
against five human tumor cell lines, P-388, MKN-28,
A549, HCT116, and MCF-7 (Han et al. 2012) (Fig. 1).

1 2

Figure 1. Structures of fuscocineroside C (1), scabraside D (2), and 24-dehydroechinoside (3).
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Table 5. Pharmaceutical properties of sea cucumbers.

Sea cucumbers Activities References
Acaudina leucoprocta Antitumor Suetal. (2011)
Aposticopus japonicas Anticancer Park et al. (2011); Kim et al.

(2017); Su et al. (2011)
Luo et al. (2013)

Zhou et al. (2011);
Guo et al. (2020)

Lee etal. (2017)

Anticoagulant

Antioxidant

Anti-inflammatory

Bohadschia argus Antibacterial Pringgenies (2013)

Bohadschia marmorata Antibacterial Pringgenies (2013)

Cucumaria frondosa Anticancer Hang et al. (2020)

Holothuria poli Anticancer, anti- Kareh et al. 2018)
inflammatory

Holothuria parva Antioxidant Diba et al. (2016)

Holothuria nobilis Antitumor, Layson et al. (2014)

antibacterial

Anticoagulant Luo et al. (2013)
Holothuria atra Anticancer Dhinakaran and Lipton (2014)
Antioxidant Pangestuti et al. (2016)
Holothuria axiologa Antitumor, Layson et al. (2014)
antibacterial
Holothuria leucospilota Antibacterial, Darya et al. (2020)
antifouling
Anticancer Bahroodi et al. (2014);
Baharara et al. (2016)
Antioxidant Safari and Yaghoubzadeh 2020)
Holothuria edulis Anticancer Wijesinghe et al. (2013);
Althunibat et al. (2013)
Anticoagulant Luo et al. (2013)
Holothuria scabra Antitumor Hua et al. (2012)
Antioxidant Nobsathian et al. (2017)

Holothuria forskali
Isostichopus badionothus

Anti-inflammatory Mena-Bueno et al. (2016)

Moguel-Salazar et al. (2013)

Garcia-Candela et al. (2019)
Mena-Bueno et al. (2016)

Guo et al. (2015)

Antibacterial

Pattalus mollis Antiviral

Parastichopus tremulus | Anti-inflammatory
Antiobesity, Anti-

hyperlipidemia

Pearsonothuria gareffei

Stichopus chloronotus Antitumor Layson et al. (2014)
Layson et al. (2014);

Pringgenies (2013)

Antibacterial

Stichopus herrmanni Antibacterial Pringgenies (2013); Rasyid (2012)
Antioxidant Rasyid (2012)
Stichopus japonicus Anticancer Park et al. (2011; Kim et al.(2017);
Suetal. (2011)
Anticoagulant Luo et al. (2013)
Antioxidant Zhou et al. (2011)

Anti-inflammatory Lee et al. (2017)

Althunibat et al. (2013)

Stichopus horrens Anticancer

The activity of scabraside D, a sulfated triterpene gly-
coside extracted from H. scabra, against human cholan-
giocarcinoma (HC) was investigated both in vitro and in
vivo for tumor growth inhibition using a xenograft mouse
model (Assawasuparek et al. 2016). Scabraside D (12.5-
100 pg/mL) significantly decreased the viability and mi-
gration of HC cells in a dose-dependent manner with an
IC,, of 12.8 + 0.05 pug/mL at 24 hours. Scabraside D (1 mg/
kg/d for 21 days) also significantly reduced the growth of
HC xenografts in mice without any adverse effects. There-
fore, scabraside D may be a new therapeutic agent for
cholangiocarcinoma treatment.

Various solvent extracts of the red sea cucumber,
A. japonicus, were evaluated in colon cancer (HT-29),
undifferentiated myeloid (HL-60), and hepatocarcinoma
(Hep-G2) cells (Park et al. 2011). All fractions showed little

cytotoxic activity against Hep-G2 cells, while the chloro-
form and ethyl acetate fractions showed more than 80%
and 60% growth inhibition, respectively, in HL-60 and
HT-29 cell lines. A comparison of canthaxanthin extrac-
tion methods from A. japonicus showed that ultrasonica-
tion extracted more canthaxanthin than either ethanol or
water extraction and displayed higher inhibition (93.5%)
against human malignant cell growth (Kim et al. 2017).
The ultrasonication extract was found to inhibit both can-
cer cell proliferation and metastasis by downregulating
skin tumor-promoting genes, such as B-cell lymphoma 2
(Bcl-2), matrix metalloproteinase-9 (MMP-9), and signal
transducer and activator of transcription 3 (STAT3).

The antitumor activity of saponins and polysaccharides
extracted from A. japonicas and Acaudina leucoprocta
was investigated by testing the density gradient of S180
cells with various concentrations of saponin (S1 and S2)
and polysaccharide (P1 and P2) extracts (Su et al. 2011).
S1, P1, and P2 were extracted from A. leucoprocta, while
S2 was extracted from a concentrated liquid of A. japon-
icus. The cytotoxic activities of S1 and S2 in S180 cells
were dose and time-dependent based on MTT assays, in
which saponin S2 exhibited the highest potency with an
IC,,of 41.04 pg/mL at 44 hours. Additionally, Annexin V/
P1 staining showed more viable cells with polysaccharide
treatment than with saponins, indicating that saponins S1
and S2 have more potent in vitro antitumor activity than
polysaccharides P1 and P2.

Holothuria edulis was reported to have in vitro anti-
cancer potential, with an aqueous fraction showing strong
cytotoxic effects against the human HL-60 leukemia cell
lines (Wijesinghe et al. 2013). The anticancer and cytotox-
ic activities of a diethyl etheric extract from the H. leuco-
spilota body wall were found to prevent the proliferation
of human oral epidermoid carcinoma cells (KB) at a con-
centration of 500 pug/mL (Bahroodi et al. 2014). A metha-
nolic extract was also effective at 100 ug/mL and 500 pg/
mL. Overall, this work revealed that the body wall of H.
leucospilota had a strong cytotoxic effect on normal cell
lines (human embryonic kidney cells) and thus could be
a potent cytotoxic; however, these extracts did not show
significant therapeutic value against KB cells.

A methanolic extract of H. atra showed antiproliferative
activities against HeLa and MCF-7 cell lines (Dhinakara
and Lipton 2014). An ethanol extract of H. atra had strong
anticancer activity (IC,; = 12.16 pL/mL) against Supris
clone-1 (SP-C1) cells derived from a cloned lymphadenop-
athy of patients with oral squamous cell carcinoma (Satari
et al. 2017). In contrast, hexane, ethyl acetate, and butanol
fractions showed no cytotoxic activities in this study.

Organic extracts of H. edulis and S. horrens were tested
for cytotoxic effects against two human cancer cell lines,
esophageal carcinoma (TE-1) and non-small cell lung car-
cinoma (A549) (Althunibat et al. 2013). The organic ex-
tract of H. edulis exhibited cytotoxicity against TE-1 can-
cer cells (IC,| = 17 pg/mL), while the S. horrens organic
extract was cytotoxic in TE-1 and A549 cancer cells (IC,
=4.0 pg/mL and 15.5 pg/mL, respectively).
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Figure 2. Structures of magnumosides A, (4), A, (5), A, (6), A, (7), B, (8), B, (9), C, (10), C, (11), C, (12), and colohiroside B, (13).

The anticancer potential of H. leucospilota saponin
against the B16F10 melanoma cell line was investigated
alone and in combination with the chemotherapy drug,
dacarbazine (Baharara et al. 2016). The saponin, dacar-
bazine, and saponin-dacarbazine combination inhibit-
ed proliferation in a dose and time-dependent manner,
with IC,, values of 10, 1400, and 4 + 1200 pg/mL respec-
tively. Notably, the saponin extract induced intrinsic
apoptosis via upregulation of caspase-3 and caspase-9,
suggesting its potential as a new treatment modality for
metastatic melanoma.

Osteosarcoma is the most common malignant bone
cancer in children and adolescents (Kansara et al. 2014)
and is particularly difficult to cure due to the incidence
of malignant metastasis. New therapeutic approaches are
urgently required to prevent metastasis and improve the
outcomes for osteosarcoma patients. The anti-metastatic
capacity of fucoidan isolated from Cucumaria frondosa
against osteosarcoma cells (U20S) has been investigated
using cell adhesion, U20S cell migration, and transwell
migration assays(Zhang et al. 2020). The C. frondosa fu-
coidan was found to prevent U20S cell adhesion to fi-
bronectin and inhibit U20S cell migration significantly, in
particular, impairing the migration capacity, distance, and
velocity. C. frondosa fucoidan impaired the dynamic re-
modeling of the cytoskeleton, possibly by suppressing the
phosphorylation of focal adhesion kinase and paxillin and
by activating the Rac1/PAK/UMKI1/cofilin signaling axis.

Nine new sulfated triterpene glycosides, magnumo-
sides A, (4), A, (5), A, (6), A, (7), B, (8), B, (9), C, (10),
C, (11), and C, (12), and colohiroside B, (13) were suc-
cessfully isolated from Massinium magnum collected from
Vietnamese shallow waters (Fig. 2) (Silchenko et al. 2017).

The cytotoxic activities of (4)-(11) were demonstrated
against mouse spleen lymphocytes, the ascites form of
mouse Ehrlich carcinoma cells, human colorectal carci-
noma DLD-1 cells, and hemolytic cells. The erythrocytes
were more sensitive to the glycosides than the splenocytes
and cancer cells. Interestingly, (6) and (10) significant-
ly inhibited colony formation and decreased the size of
DLD-1 cancer cell colonies at non-cytotoxic concentra-
tions. In addition, subtoxic doses of (6) and (10) - (12)
manifested synergistic effects with radioactive irradiation
on the proliferation of DLD-1 cells.

The presence of bioactive compounds with anticancer
potential in sea cucumbers make them an important ma-
rine invertebrate for further exploration into the develop-
ment of novel cytotoxics.

Antimicrobial activities

Bacteria are responsible for a vast number of human ail-
ments and diseases, including diarrhea, cholera, pneumo-
nia, tetanus, leprosy, typhus, tuberculosis, diphtheria, and
dysentery. Antibiotics are useful against these microorga-
nisms but their misuse and overuse have resulted in the
evolution of multiple antibiotic-resistant bacterial strains.
The failure of modern synthetic antibiotics has prompted
the search for new compounds derived from natural re-
sources.

An ethyl acetate extract of H. leucospilota body wall
showed strong antibacterial activity against Staphylococcus
aureus with a minimum inhibitory concentration (MIC)
of 0.250 mg/mL (Darya et al. 2020). A chloroform extract
of H. nobilis was found to display antibacterial activity
against Escherichia coli and was also a toxic (acute) and
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potent antitumor agent than several standard chemother-
apeutics, such as Ara-C (Layson et al. 2014).

The antibiotic activity of four Indonesian sea cucum-
ber species, S. chloronotus, S. herrmanni, Bohadschia argus,
and B. marmorata, was tested against six bacterial strains
(Staphylococcus aureus, Escherichia coli, Pseudomonas sp.,
Vibrio vulnificus, V. anguillarum, and Bacillus subtilis)
(Pringgenies 2013). Bohadschia argus and B. marmorata
were active against all the bacteria, while preliminary re-
sults with S. herrmanni and S. chloronotus suggested activ-
ity against S. aureus, E. coli, Pseudomonas sp., and V. vul-
nificus. A methanolic extract of S. herrmanni was found to
display antibacterial activity against S. aureus, B. subtilis,
and V. eltor (Rasyid 2012). Stichopus herrmanni has also
shown significant antifungal activity against Aspergillus ni-
ger, with MICs ranging from 3-15 pg/mL. The most potent
antifungal activity (18 pug/mL) against A. niger was found
in a methanol extract of S. herrmanni body wall, resulting
in a zone of inhibition of 38 mm (Sarhadizadeh et al. 2014).

The antibacterial activity of aqueous extracts from
different tissues of Isostichopus badionotus was evaluat-
ed, with muscle and respiratory tract extracts displaying
potent activity (Moguel-Salazar et al. 2013). In particular,
high antibacterial activity against V. cholera, E. coli, S. au-
reus, and P. aeruginosa was observed from the membrane
protein fraction, with MICs against V. cholera and S. au-
reus of 8.4 pg/mL and 37.4 ug/mL, respectively. Interest-
ingly, this activity was resistant to both heat and protein-
ase K, indicating that the active compound is non-protein
in origin and favors the use of I. badionotus as a potential
source of novel antibiotics.

The antibacterial and antifungal activities of sea cu-
cumber extracts suggest that this marine organism holds
great potential for the discovery and development of fu-
ture antibiotics.

Anti-inflammatory activities

The anti-inflammatory activities of H. poli have been in-
vestigated, with its aqueous fraction decreasing the levels
of the inflammatory markers interleukin (IL)-6, nitric oxi-
de, and MMP-9 in mouse mammary SCP2 cells (Kareh et
al. 2018). The aqueous fraction of H. poli was also found
to decrease IL-1 levels induced by phorbol-12-myrista-
te-13-acetate—activated THP-1 human monocytes.

A methanolic extract of H. leucospilota muscular body
wall was found to display anti-inflammatory activities in
albino rats (Hadi et al. 2020). Holothuria leucospilota sam-
ples were dried and extracted with hexane, ethyl acetate,
and methanol and examined in vitro via lipoxygenase
enzyme inhibition, resulting in inhibition values of 9.74
+ 1.57%, 12.92 + 1.22%, and 43.75 + 2.83%, respectively.
The methanol extract was notably potent, displaying an-
ti-inflammatory effects superior to acetylsalicylic acid. The
anti-inflammatory activities of H. forskali and P. tremulus
extracts have also been investigated (Mena-Bueno et al.
2016). Bioavailable compounds in H. forskali decreased in-
tercellular adhesion molecule expression in subcutaneous

adipose tissue (p < 0.05) and those in P. tremulus reduced
vascular cell adhesion protein (p < 0.01) and IL-6 (p < 0.05)
expression levels in endothelial cells. It should be noted
that this effect was observed in epicardial adipose tissue.
The in vitro anti-inflammatory potential of H. edulis
was evaluated via the determination of a pro-inflamma-
tory mediator (Wijesinghe et al. 2013). An ethyl acetate
fraction exhibited profound anti-inflammatory potential
in lipopolysaccharide-stimulated RAW 264.7 macrophag-
es, dose-dependently inhibiting nitric oxide production
and significantly downregulating inducible nitric oxide
synthase and cyclooxygenase-2 expression, prostaglandin
E2 release, and pro-inflammatory cytokine tumor necrosis
factor-a, IL-1f and IL-6. These multiple activities suggest
that the ethyl acetate fraction of H. edulis could contain
functional ingredients for use in industrial applications.
Apostichopus japonicus extracts have been shown to
ameliorate allergic airway inflammation via CD4*CD25*
Foxp3*T cell activation and recruitment to the lung (Lee
et al. 2017). This study investigated which components of
A. japonicus contributed to the amelioration of airway in-
flammation using n-hexane fractionation to separate the
components into three phases (n-hexane, alcohol, and
solid). The three phases were evaluated the ability to ele-
vate IL-10 expression in splenocytes and ameliorate symp-
toms in mice with ovalbumin/alum-induced asthma. The
n-hexane treatment resulted in a significant increase in IL-
10 expression and ameliorated asthma symptoms. Notably,
approximately 47 fatty acids were identified in this phase.

Other properties

Sulfated polysaccharides were successfully isolated from
Holothuria nobilis, H. edulis, and Apostichopus japonicus
(Luo et al. 2013). Nuclear magnetic resonance analysis in-
dicated that sulfated fucans and fucosylated chondroitin
sulfates were present in all species, while neutral glycans
were specific to H. edulis. The same polysaccharide type in
different sea cucumber species had similar anticoagulant
activities, while the different glycans functioned signifi-
cantly different, likely due to differences in their average
molecular weight, monosaccharide composition, and
electric charge. The fucosylated chondroitin sulfates had
stronger anticoagulant activities than the sulfated fucans,
while the neutral glycan had no activity, which was expec-
ted owing to the absence of a sulfate.

Saponin-enriched Pearsonothuria graeffei Semper ex-
tract was found to exhibit antiobesity activity via inhi-
bition of pancreatic lipase activity and upregulation of
LXR-P signaling (Guo et al. 2015). Crude P. graeffei Sem-
per extract inhibited pancreatic lipase activity by 36.44%
of the control at 0.5 pug/mL. The optimal active extract
(SC-3) and echinoside A inhibited pancreatic lipase with
IC,, values of 2.86 pg/mL and 0.076 pM, respectively.
Approximately 0.1% SC-3 reduced body weight (23.0 + 62
versus 26.3 + 0.76 g), serum total cholesterol (2.46 + 0.04
versus 2.83 + 0.12 mmol/L), serum triglyceride (0.19 *
0.08 versus 0.03 + 0.03 mmol/L), low-density lipoprotein
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cholesterol (0.48 + 0.02 versus 0.51 + 0.02 mmol/L), liver
total cholesterol (1.19 + 0.17 versus 1.85 * 0.13 mmol/L),
and triglyceride (6.18 + 0.92 versus 10.87 + 0.97 mmol/
mg) contents of obese C57BL/6 mice on a high-fat diet.
These results indicate that P. graeffei Semper may be useful
for developing antiobesity and antihyperlipidemic drugs
in the future.

There is growing interest in food components that may
help prevent lifestyle-related diseases. The effects of P,
graeffei saponins on high-fat diet-induced obesity, insu-
lin resistance, and fatty liver in C57BL/6 mice have been
investigated (Hu et al. 2012). The mice were fed a high-fat
diet containing either 0.03% or 0.1% saponin sea cucum-
ber for 8 weeks. Both doses exhibited weight-loss effects
and significantly decreased adipose tissue weight in both
visceral and subcutaneous depots. Moreover, 0.1% sapo-
nin sea cucumber dramatically decreased hepatic triglyc-
eride and total cholesterol accumulation. Mice fed 0.1%
saponin sea cucumber also showed significantly reduced
serum glucose and insulin levels and a lower homeostat-
ic model assessment for insulin resistance index (HO-
MA-IR). Dietary saponin sea cucumber also prevented
adipokine imbalance by increasing adiponectin produc-
tion and decreasing tumor necrosis factor-a levels associ-
ated with a high-fat diet.

Fucoidan extracted from A. molpadioides has been
shown to significantly increase glucose consumption and
improve insulin resistance both in vivo and in vitro (Xu
et al. 2015). Insulin-resistant mouse models were estab-
lished by feeding the mice a high-fat, high-fructose diet.
Treatment with A. molpadioides fucoidan increased se-
rum insulin levels, decreased HOMA-IR, reduced fasting
blood glucose levels, and improved oral glucose tolerance,
revealing that it could mitigate insulin resistance in vivo.
Combination treatment with A. molpadioides fucoidan
and rosiglitazone further reverted insulin resistance.

The antiviral activity of sea cucumbers against human
rotavirus A was investigated in cell culture using an aque-
ous Patallus mollis extract (Garcia-Candela et al. 2019).
Patallus mollis is endemic to the coasts of Chile and Peru.
The mean extract cytotoxic concentration used in the an-
tiviral assay was 27,042.10 ug/mL, with every concentra-
tion used resulting in 99.9% inhibition of antiviral activity.
To determine its mode of action, cells were treated with
the P. mollis extracts during different phases of the viral
infection cycle. The extract was found to inhibit 99% of
the virus during absorption and viral inactivation phases.

In vitro studies with Stichopus spp. extracts were per-
formed to elucidate their effects on cell viability and func-
tion (Shahrulazua et al. 2013). An inverse relationship
was observed between Stichopus spp. extract concentra-
tion and osteoblast cell viability (p < 0.001), with only
1 mg/mL significantly promoting cell viability at day 3 of
incubation. Osteoblast cell function tended to increase
with 50 mg/mL and 10 mg/mL Stichopus spp. extracts, al-
though this varied with different incubation periods.

Although many marine-derived compounds have
found use in the pharmaceutical industry, with some

already on the market, their use in the development of
natural cosmetics is underexplored compared to their ter-
restrial-derived counterparts. However, many cosmetic
companies have recently begun turning their attention to
the sea for compounds with potential for use in anti-aging,
skin whitening, moisturizers, and photoprotection. With
growing investigations of small molecules, enzymes, and
biopolymers from the marine environment, it is expected
that the era of “blue cosmetics” will soon dominate the
sector (Alparslan et al. 2018). This expectation is not with-
out reason, given the increasing public awareness of the
importance of cosmetics in life. Additionally, the poten-
tial for the utilization of active compounds from marine
organisms, particularly sea cucumbers is very promising.

Sea cucumbers for cosmetics

The cosmetics industry is one of the fastest-growing in-
dustries in the past decade. The demand for cosmetic pro-
ducts from marine resources has been rising rapidly due
to their unique biological and chemical properties. The
European Commission No. 1223/2009 regulation defines
cosmetics as products intended for external application
to the epidermis, hair, nails, lips, genital organs, teeth,
mucous membranes of cavities, etc., with the exclusive
or principal objective of cleaning, perfuming, protecting,
altering appearance, or maintaining good condition. Cos-
metics are not intended to affect the function or structure
of the body. Cosmetics are required to be free of side ef-
fects and to be safe and show positive effects on well-being
(Alves et al. 2020).

In the past few years, sea cucumber components have
been considered for use as cosmetic ingredients in treating
skin problems (Kim et al. 2016), particularly skin-mois-
turizing and wrinkle improvement. Owing to their effect
on the appearance and condition of the skin, hyaluronic
acid and collagen, such as that found in sea cucumbers,
have been the subject of much anti-aging research and de-
velopment (Li et al. 2019).

Antioxidant activities

Antioxidants are essential to preventing ultra violet-in-
duced reactive oxygen species, such as hydroxyl radical,
superoxide anion, and hydrogen peroxide, from attacking
membrane lipids, DNA, and protein. The oxidation of
membrane lipids is one of the primary causes of a reduced
youthful appearance, therefore, preventing the formati-
on of reactive oxygen species is essential to maintaining
wrinkle-free skin. Antioxidants protect human skin from
the pro-oxidative environment to which it is exposed in
the form of ultraviolet radiation, air pollutants, and smoke
(Alves et al. 2020).

Sea cucumbers are reported to be a potential source
of natural antioxidants. Holothuria leucospilota protein
hydrolysate obtained using flavourzyme and alcalase
enzymes showed concentration-dependent antioxidant
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activity. The flavourzyme preparation provided higher ac-
tivity than the alcalase in the 2,2-diphenyl-1-picrylhydra-
zyl (DPPH)-free radical control, with concentrations of
5 mg/mL and 2 mg/mL (Safari and Yaghoudzadeh 2020).
The antioxidant activities of aqueous and organic extracts
of S. horrens and H. edulis were evaluated (Althunibat et
al. 2013). Stichopus horrens aqueous and organic extracts
inhibited 79.62% and 46.66% of §3-carotene oxidation by
linoleate free radical, respectively. H. edulis aqueous and
organic extracts exhibited DPPH radical scavenging with
IC,, = 2.0 mg/mL and 8.73 mg/mL, respectively.

The antioxidant activities of fresh and rehydrated H. par-
va were equivalent to 0.063 and 0.060 mg vitamin C/g dry
sample (IC,, = 5.26 pug/mL and 4.14 pg/mL), respectively.
The flavonoid content of fresh and rehydrated samples was
equivalent to 3.86 and 5.02 mg quercetin/g dry samples,
respectively. The total phenolic content of the fresh and re-
hydrated sample was equivalent to 0.22 and 0.19 mg gallic
acid/g dry sample, respectively (Diba et al. 2017).

Apostichopus japonicus was hydrolyzed by papain,
trypsin, pepsin, acid protease, and neutral protease to
obtain five peptide fractions, for which their antioxidant
activities were evaluated by hydroxyl radical (¢OH) and
superoxide anion («O,") scavenging (Zhou et al. 2011).
The trypsinized peptides exhibited the highest antioxidant
activity. Apostichopus japonicas hydrolysates increased
survival rate, inhibited the accumulation of reactive ox-
ygen species, upregulated total superoxide dismutase and
catalase activities, and reduced lipid peroxidation malon-
dialdehyde content in a Caenorhabditis elegans model un-
dergoing increased oxidative stress (Guoet et al. 2020).

A methanolic extract of S. herrmanni collected from In-
donesian waters was examined for antioxidant activity using
DPPH givingan IC_ = 65.08 ug/mL (Rasyid 2012). Stichopus
vastus collagen was successfully hydrolyzed by trypsin and
was found to rich in alanine, glycine, proline, glutamine,
and hydroxyproline residues and exhibited excellent radi-
cal-scavenging activity, indicating that collagen hydrolysates
from S. vastus can be used as functional ingredients in nu-
traceutical and food products (Abedin et al. 2014).

Holothuria scabra is one of the most commercially val-
uable species. Its antioxidant activity was measured using
DPPH and Folin-Ciocalteu reagent (Nobsathian et al.
2017). The crude methanol extract and purified friedelin
(14), 3-hydroxybenzaldehyde (15), and 4-hydroxybenza-
ldehyde (16) (Fig. 3) isolated from this species strongly
inhibit free radicals with effective concentrations (EC,s)
similar to ascorbic acid (14.90 + 5.5 x 107%). The total
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Figure 3. Structures of friedelin (14), 3-hydroxybenzaldehyde
(15), and 4-hydroxybenzaldehyde (16).

phenolic content was 30.52 + 0.21 GAE/g dry weight.
These results indicate that H. scabra could be used to
develop nutraceuticals for patients with cardiovascular
symptoms. It may also support antioxidant substances in-
volved in preventing free radical damage, such as querce-
tin, a flavonoid found in onions, as well as preserve blood
pressure, vascular function, heart rate, and vascular re-
sponsiveness to stress.

A comparison of the radical scavenging activity of
H. leucospilota, H. atra, H. fuscocinerea, and H. excellens
using DPPH found H. atra extract to have the strongest
DPPH scavenging activity (13.14 + 2.17%) at a concentra-
tion of 0.1 mg/mL. H. atra can be considered as a natural
antioxidant source for pharmaceutical, food (Pangestuti et
al. 2016), and cosmetic industries.

Antiaging activities

Research related to the treatment of aging and age-related
diseases is a focus of public health. A. japonicas protein
hydrolysate was found to increase age pigment and ex-
tend lifespan without reducing food intake, body length,
or blood size of nematodes, demonstrating its capacity to
delay physiological aging (Guo et al. 2020). The peptide
profile and antiaging activity of purified C. frondosa hy-
drolysate prepared by enzymatic hydrolysis and ultrafil-
tration were examined in vivo in fruit flies and mice with
age-related neurodegenerative disorders associated with
D-galactose-induced aging (Lin et al. 2018). California
frondosa hydrolysate significantly prolonged the lifespan
of fruit flies and ameliorated learning and memory defi-
cits in mice experiencing D-galactose-induced aging. The
mechanism underlying these protective effects might be
related to upregulation of Klotho expression, inhibition
of lipid peroxidation and protein oxidation, increased su-
peroxide dismutase and glutathione peroxidase activities,
and downregulation of acetylcholinesterase activity. This
work suggests that C. frondosa hydrolysate could contain
health-promoting ingredients for combating aging and
age-related diseases.

Other properties

The boiling process, one of the stages in the production
of dried sea cucumbers, generates liquid extracts that are
largely discarded without considering the therapeutic and
economic value of their contents. In addition, this could
contribute to environmental pollution.

Glycoprotein fractions from the liquid extract of boiled
S. japonicas were investigated for their efficacy in skin
whitening and wrinkle improvement and their effects
on tyrosine and elastase inhibitory activities (Kim et al.
2016). Fractions greater and less than 50 kDa enhanced
tyrosinase and elastase inhibitory activities by 50.84%
and 28.79%, respectively, with the concentration of the
> 50 kDa fractions showing a significant correlation with
elastase inhibitory (R? = 0.983) and tyrosinase inhibitory
(R*=0.968) efficacy. This suggests that the glycoprotein
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fractions could be useful as cosmetic ingredients for skin
whitening and wrinkle improvement.

The development of moisturizing cosmetic products
from marine organisms, particularly sea cucumbers, con-
tinues to be pursued. Pepsin-solubilized collagen extract-
ed from H. cinerascens has been compared with that from
the skin of tilapia and pig, all of which exhibited better
moisture absorption and moisture capacity than glycerol
(Li et al. 2019). The dominant amino acids of the three
collagens were proline (9-12%), glycine (31%), and ala-
nine (10-12%). The collagen molecules of H. cinerascens
were found to be rich in hydrophilic groups, which could
prove useful in cosmetic formulations.

The exploitation of sea cucumbers must be carefully
considered, as their numbers in the wild have been reduced.
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