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Abstract 

 

Recognition of health benefits associated with consumption of marine derived biomasses is one of the most promising developments in human 

nutrition and disease-prevention research. This endeavor for bioactives and functional ingredients discovery from marine sources is 

“experience driven,” as such the search for therapeutically useful synthetic drugs, and functional components is like “looking for a needle in a 

haystack,” thus a daunting task. Zoonotic infection, adulteration, global warming and religious belief can be the star-gate barrier: - For example, 

the outsourcing for Glycosaminoglycans (GAGs), a pharmacologically bioactive compound have emerged as novel biomarkers and molecular 

players both within tumor cells and their microenvironment, as they integrate signals from growth factors, chemokines, integrins, and cell-cell 

matrix adhesion. As such, worldwide initiatives in outsourcing from geochemical signatures marine biomasses are flourishing. Most of these 

scientific interests are related to marketable compounds optimised via biotechnology applications. Approximately 50% of the US FDA 

approved drugs during 1981–2002 consist of either marine metabolites or their synthetic analogs. These bioactive compounds acts as 

antioxidant, peptides, chitoligosaccharides derivatives, sulfated polysaccharides, phlorotannins and carotenoids. Highlights from works to 

harness and provide scientific support to folk medicine much claimed legacy, pertaining to geochemical signatures vouchered sea cucumbers, 

macroalgae and crown of thorns starfish will be extrapolated.  
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1.0 Introduction 

 

Globally, there is an increasing interest for availability of tangible, novel, added value, sustainable commercial exploitable 

therapeutic compounds of naturally geochemical signatures derived resources. Earth’s oceans are probably the most valuable natural products 

resource. However, the Census of Marine Life, evaluating marine biodiversity, ascertained that at least 50% and potentially more than 90% of 

marine species are undescribed by science (Census of Marine Life, 2017). Evolved over millions of years, and living in a highly competitive 

environment, many of these organisms have perfected the technique of survival through chemical defense.  As such, these marine organisms 

constitute nearly half of the worldwide biodiversity; thus, oceans and sea present a vast resource for new substances and it is considered the 

largest remaining reservoir of beneficial natural molecules that might be used as functional constituents in the food sector. This endeavor for 

bioactive compounds and functional ingredients discovery from marine sources is “experience driven,” the search for a therapeutically useful 

synthetic drug, and functional components is like “looking for a needle in a haystack,” thus it is seems as a daunting task. Zoonotic infection, 

adulteration, global warming and religious belief can be the star-gate barrier. 

Marine invertebrates utilize a ‘plethora of substances,’ in their natural immunity ranging from peptides, to alkaloids, terpenoids to 

steroids for defense and preservation of their natural integrity. Many marine compounds have been detected as having various biological 

activities: peptides isolated from fish as well as algal polysaccharides have been reported to have anticancer, anticoagulant, and 

antihypercholesterolemic activities (Lordan, et al., 2013). Various literatures survey revealed that the bioactive compounds isolated in recent 

past from the marine poriferans, cnidarians, annelids, arthropods, molluscs and echinoderms could be rich sources of therapeutic agents having 

antibacterial, anti-inflammatory and anticarcinogenic properties. While marine bacteria and fish oils contain great amount of omega-3 fatty 

acids, whereas seaweeds and shellfish such as crustaceans have potent antioxidants including carotenoids and phenolic compounds (Rasmussen 

and Morrissey 2007). 
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The importance of marine metabolites in modern day drug research is revealed by the fact that around 50% of the US FDA approved 

drugs during 1981–2002 consist of either marine metabolites or their synthetic analogs. Their low effective dosage, better selectivity against 

target malignant tissues and relative non-vulnerability to resistance development as compared to compounds of terrestrial origin, render them 

as useful target molecules. As such the challenge in this scientific area is to identify bioactive compounds and their associated health effects 

as well as their underlying biological mechanism of action. Impressive and growing numbers of bioactive compounds have been identified 

and outsources at various geochemical areas that have potentially important health benefits. As such, acknowledging this integral historical 

dynamics of the outsourcing relationship between humankind and the Earth is basically an essential health care issue finger print agenda so as 

our future descendants are left with considerable terms of natural product resources. Per se, among these bioactives compounds include 

resources that can act as antioxidants, enzyme inhibitors and inducers, of gene expression. While marine bacteria and fish oils contain great 

amount of omega-3 fatty acids, seaweeds and shellfish such as crustaceans have potent antioxidants including carotenoids and phenolic 

compounds (Rasmussen and Morrissey 2007). 

Naturally occurring antioxidants can be found in a variety of marine organisms including marine algae, invertebrates, fish, shellfish, 

and marine bacteria. Antioxidants manifest a positive effect on human health as they protect the human anatomy against detrimental damage 

by reactive oxygen species (ROS), which attack macromolecules structures such as membrane lipids, proteins and DNA, lead to many health 

disorders such as cancer, diabetes mellitus, neurodegenerative and inflammatory diseases with severe tissue injuries (Yang, Landau, Huang, 

& Newmark, 2001; Frlich & Riederer, 1995). Marine-derived bioactive peptides have been obtained widely by enzymatic hydrolysis of marine 

proteins (Kim and Wijesekara, 2010) and have shown to possess many physiological functions, including antioxidant (Kim, Je, and Kim, 

2007). Radical scavenging compounds such as bioactive peptides, COS, SPs, phlorotannins, and carotenoids pigments including fucoxanthin 

and astaxanthin from marine foods and their by-products can also be used indirectly as functional ingredients to reduce cancer formation in 

human bodily tissues and organs. As such the search for effective and safe antioxidants from natural sources is of great interest to researchers, 

producers, and consumers alike. So, antioxidants from marine sources may be used as substitutes for plant antioxidants such as those from 

rosemary and sage.  

In this milenia, there is a great potential in marine bioprocess industry to convert and utilize most of marine food products and marine 

food by-products as valuable functional ingredients. The components of proteins in marine foods have been extrapolated to contained 

sequences of bioactive peptides. These peptides could exert a beneficial physiological effect in the human body. Moreover, some of these 

bioactive peptides have also been identified to possess nutraceutical potentials that are of wellness beneficial towards global human health 

promotion (Defelice, 1995). This is so as functional food is defined “as food which is demonstrated to positively affect one or more 

physiological functions so that it is able to increase the well-being and/or to reduce the risk to suffer a disease” (Diplock, et al, 1999). Thus 

functional foods can improve the general conditions of the body (such as pre and probiotics), decrease the risk of some diseases (cholesterol 

lowering products), and can even be used for curing s cardiovascular disease and osteoporosis illnesses (Siro ´ et al., 2008. However at present 

further in-depth understanding of the relationship between nutritional value and its level, stock density and global dilemmas especially from 

outsourced marine biomass and its health benefits need to be better action lines, optimized and sustainablely exploited with green approaches. 

This is to ensure the legacy and future development of functional foods from exploitable geochemical signatures marine biomasses can be a 

marketable without endangering its wild population.  

 

2.0 Bioactive and functional food compounds from sea cucumbers 

 

Sea cucumbers are echinoderms with soft, elongated, worm-like organisms. The invertebrates possesses a flexible cylindrical-

gelatinous -body with a leathery skin and used their delicate tentacles for feeding on microscopic algae, absorbing sedimentated nutrients from 

the marine intertidal zone organic matter [Conand, 1990, Fell, et al., 1972]. They are commonly known as trepang (in Indonesia) and beche-

de-mer (in France). The friendly intertidal marine invertebrates which have been much exploited and utilized as a culinary delicacy, particularly 

in some parts of Asia [Huizeng, 2001]. Sea cucumbers, also known as Gamat in Malay are marine invertebrates from the phylum 

Echinodermata (Kamarul, et al., 2010) and can be found throughout the worlds’ ocean intertidal beds (Fredalina, et al., 1999). Throughout the 

world there are more than 2500 sea cucumbers species (Ibrahim. 2003). Among the most popular species are Stichopus hermanni, Stichopus 

vastus, Stichopus badionotus, Stichopus chloronotus, Holothuria atra, Holothuria edulis, and Holothuria scabra (Ridzwan, et al., 1995). These 

sea cucumbers are involved in sustaining geochemical marine ecosystem ecological functions such as in nutrient recycling by excretion of 

inorganic nitrogen and phosphorus, thus enhancing the productivity of benthic biota and its bioturbation (Steven Purcell et al., 2016). Another 

ecological function of these sea cucumbers is to buffer coral reefs from ocean acidification. Feeding on reef sand these tropical sea cucumbers 

increases the alkalinity in surrounding seawater. This may help to protect corals and other reef organisms from ocean acidification. 

A profile of tangible important bioactive compounds and functional food natural products of nutritional and medicinal values have 

been isolated from geochemical vouchered sea cucumbers (Nurul ‘Izzah Ibrahim, et al., 2018) . Nutritionally, sea cucumbers have an 

impressive profile of valuable nutrients such as Vitamin A, Vitamin B1 (thiamine), Vitamin B2 (riboflavin), Vitamin B3 (niacin), and minerals, 

especially calcium, magnesium, iron and zinc. A number of unique biological and pharmacological activities including anti-angiogenic, anti-

cancer, anti-coagulant, anti-hypertension, anti-inflammatory, anti-microbial, anti-oxidant, anti-thrombotic, anti-tumor and wound healing have 

been ascribed to various species of sea cucumbers invertebrates. 

Literatures have indicated that this bioactive compounds and functional food ingredients that have long been purported in folk 

medicine may be due to sulfated polysaccharide representatives. The sulfated polysaccharide is a semi-synthetic chemical compound and 

contains sulfate groups of natural polysaccharide derivatives. Sulfated polysaccharides (SPs), from other natural resources have exhibit various 

biological activities such as anticoagulant, antiviral, antioxidative, and anticancer activities with potential health benefits: may enhance the 

immune system and biological activities (Zaidi et al., 2017).  

Stichopus hermanni and Stichopus vastus sea cucumber species that are friendly intertidal marine invertebrates (light weighted, 

easily undergoes eviscerated-self death) from the Stichopodidae family within the coastal waters of Malaysia have been outsourced for N -, O 

- sulphated and total sulphated glycosaminoglycans (GAGs). The invertebrate integument tissues revealed the highest content of total, O- and 

N-sulphated GAGs, followed by the internal organs and the coelomic fluid for both species of sea cucumbers [Siti Fathiah Masre, et al., 2011]. 

This data is in congruent with nutrient analyses that show the body wall of sea cucumbers to have higher nutrient value (Chen, 2004). The 

total sulfated GAGs from Stichopus vastus coelomic fluid thus have showed a significantly acceleration on wound healing process dynamics 

especially in pertinent to epithelial migration, fibroblasts proliferation, new vessels formation and collagen reorganization of the wound. 

Sea cucumbers are soft bodies’ organisms; these marine creatures are protein-rich marine invertebrate. A new immunomodulatory 

lead Cumaside a complex of monosulfated triterpene glycosides from the sea cucumber Cucumaria japonica possesses cytotoxic activity 

against Ehrlich carcinoma cells (Aminin, et al. 2004). Globally biological and pharmacological activities biocompounds namely anti-

angiogenic (Tian, et al., 2005), anti-cancer (Roginsky, et al, 2004), anti-coagulant (Nagase, et al., 1995 and Chen, et al., 2011), anti-
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hypertension (Hamaguchi, et al., 2010), anti-inflammatory (Collin, 1999 and Collin, 2004), anti-microbial (Beauregard, et al., 2001 and Hing, 

et al., 2007), antioxidant (Althunibat, et al., 2009], anti-thrombotic (Mourao, et al., 1998 and , Pacheco, et al., 2000), antitumor (Zou, et al., 

2003 and  Tong, et al., 2005), and wound healing (Kerr, et al., 1995) have been ascribed to chemical compounds extracted from different 

geochemical vouchered sea cucumber species. These medicinal benefits and health functions of sea cucumbers can be attributed to the presence 

of appreciable amounts of bioactive compounds, especially the triterpene glycosides  (Miyamoto,  et al., 1990, Aminin  et al., 2010 and Vieira, 

et al., 1991), chondroitin sulfates (Mourao, et al., 1999), glycosaminoglycan [(Nagase, et al., 1995 and Pacheco, et al., 2000), sulfated 

polysaccharides (Goad, et al., 1985), sterols: glycosides and sulfates (Mamelona, et al., 2007), phenolics (Rafiuddin, et al., 2004), peptides 

(Sugawara, et al., 2006), cerebrosides (Mojica &  Merca, 2004) and lectins (Mojica &  Merca,  2005, and Mojica,  et al., 2005). 

 

Table 1. A tabulated reflective of important bioactive compounds and functional food natural products isolated 

(cited in articles in the field selected) from geochemical signatures sea cucumbers, macroalgae, and Crown of Thorns origin. 

 

Bioactive compounds and functional food natural products from geochemical signatures: 

Sea cucumbers, macroalgae, and Crown of Thorns origin. 

 

Marine sources 

(Major phylum) 

Bioactive compounds Disease prevention Functional food References 

 

 

Sea Cucumbers: 

 

Cucumaria,  

Stichopus 

chloronotus,  

Stichopus vastus, 

Stichopus horrens, , 

Actinopyga 

lecanora, 

Stichopus hermanni, 

Holothuria 

glaberrima 

 

 

Triterpenoid glycoside 

sulfates Saponins, sterol 

derivatives, terpenoids, 

glycoproteins, cerebrosides, 

pyrimidine nucleaosides, 

thymine deoxyriboside and 

uracil deoxyribose, 

polysaccharides,  

β-carotene ACE-inhibitory 

biopeptides 

 

Hemolytic, 

antibacterial, 

antifungal, 

antineoplastic, 

antitumor, antiviral 

especially anti 

HIV activity, anti-

inflammatory, anti 

cancer, anti allergy 

Wound healing 

Wound healing 

and organ 

regeneration 

 

Fatty acid, Pepsin 

Solubilised 

Collagen Collagen 

hydrolysates Total 

Sulfated 

Glycosaminoglycan 

(GAG) 

 

Fredalina, et al., 1999, 

Miyamoto, et al., 1990. 

Ridzwan, et al., 1995. 

 Linhardt, et al., 1990,  

Bita Forghani, et al., 2012 

Yasser, Chim Chi, et al., 

2017,  

Md Zainul Abedin, et al., 

2013,  

Md Zainul Abedin, et al., 

2014,  

Siti Fathiah Masre, et al., 

2010. 

Siti Fathiah Masre, et al., 

2011. 

 

Macroalgae: 

 

Sargassum horneri 

Large brown 

seaweeds, such as 

Laminaria 

hyperborea, 

Ascophyllum 

nodosum, and 

Macrocystis spp. 

Macroalgae genus 

Ulva (Ulvales, 

Chlorophyta) 

 

Protein hydrolysates 

Lipoxygenase/hydroperoxide 

lyase Biocatalyst products - 

Polyunsaturated aldehydes: 

2,4,7-decatrienal and  

2,4- decadienal 

Antioxidant, 

Strengthening of 

the immune 

system, 

Antirickets,  

Anti-osteomalacia, 

Anticoagulant, α-

amylase and α-

glucosidase 

inhibitory effect 

Anti-obesity 

agents 

Vitamins [B12, C, 

E and D], 

Chlorophylls, 

Alginate and 

Alginic acid,  

High content in 

essential minerals 

namely Na, K, Mg, 

P, I, Zn and Fe 

Harnedy and FitzGerald, 

2011, Marquez and 

Sinnecker, 2007, Packer, 

1997, Witting and Stocker 

2003, Haidara and others 

2006, Anantharaman, et 

al., 2011, Lordan, et al., 

2013, Vazhiyil,. 2011a. 

2011b, Bocanegra, et al., 

2009. Dawczynski, et al., 

2007, Chu Wan-Loy and 

Phang Siew-Moi, 2016. 

Crown of Thorns:  

 

Acanthaster planci 

Asterias amurensis 

 

Collagens  

Saponins 

Anti-cancer Sulfated 

polysaccharides 

Ahmed Faisal Mutee, et 

al., 2012,  

Farhana Sharmin, et al., 

2017 

 

 

Linhardt, et al., (1990) have reported that low molecular weight sulphated polysaccharides were noted from sea cucumbers with 

efficient anticoagulant activities and several pharmacological properties. The chondroitin and glucosamine components of holothurian were 

reported to be important cartilage building blocks and other bio activities including anti-inflammatory and antitumor activity properties 

(Herecia and Ubeda, 1998). Total sulfated glycosaminoglycan (GAGs) from sea cucumber Stichopus hermanni and Stichopus vastus 

integumental tissue were investigated for evaluation of wound healing potential in rats. Three groups of female Sprague-Dawley rats each 

consist of 6 animals were assigned. Normal saline was applied as a control to group 1 rat while group 2 and group 3 rats were treated topically 

with total sulfated GAGs from both sea cucumber species’ integumental tissue to 6 mm diameter of full thickness wound from day 0-12. The 

effects on the contraction rate percentage of wound healing were assessed. In that experiments, wounds treated with total sulfated GAGs from 

sea cucumbers Stichopus hermanni and Stichopus vastus integumental tissue preparations showed significantly (p<0.05) improvement in its  

wound contraction rate percentage  as compared to those wounds not treated with the sulfated GAGs in control group. The study  results seems 

to suggest the beneficial effects of total sulfated GAGs particularly from the integument body wall of sea cucumbers Stichopus hermanni and 

Stichopus for the positive enhancement of wound healing process dynamics especially  in rats model (Siti Fathiah Masre, et al., 2010). The 

study also is in support of other previous reported research that also seems to confirm that holothurians glycosaminoglycan (HG) and 

holothurians fucan (HF) present in other species of sea cucumbers can be found in higher levels in the sea cucumber integument. 
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Thelenota ananas  

 

Stichopus variegatus  

 

  
Stichopus vastus  

 

Thelenota ananas  

 

  
Stichopus chloronotus  

 

Stichopus hermanii  

 

 
Isotichopus badionotus  

 

Figure 1:  The Stichopodidea sea cucumbers known as ‘Gamat’ in Malaysia. 

Source: Farid Che Ghazali. (2012). Ekstrak Gamat Untuk Penyembuhan Luka.Journal: Dewan Kosmik Majalah Sains Dan 

Teknologi. March 2012. 9-14. Koperasi Dewan Bahasa Dan Pustaka (M) Berhad. ISSN 0128-6579. 

 

Numerous Angiotensin-converting enzyme (ACE) is an - inhibitory biopeptides that has been generated and characterized from 

different species of sea cucumber such as Stichopus horrens (Bita Forghani, et al., 2012);, Actinopyga lecanora tissue proteins (Raheleh 

Ghanbari, et al., 2012), Isostichopus badionotus (Yasser Chim-Chi, et al., 2017),  and Acaudina malpadioidea wall protein. The ACE is an 

exopeptidase (peptidyl-dipeptidase ACE) that catalyses removal of dipetidyl residues from the COOH ends of peptide substrates. The ACE-

inhibitory biopeptides derived from marine invertebrates were reported to exhibit in vitro inhibitory effect through both competitive and 

noncompetitive mechanisms on ACE. Additionally, in vivo studies in hypertensive rats have shown the ACE-inhibitory potential of marine-

derived antihypertensive peptides  

 

3.0 Bioactive and functional food compounds from photosynthetic marine macroalgae biomasses 

 

Marine macroalgae are sea weeds that have been consumed as food since ancient times in East Asia. These photosynthetic-like plants 

form the basic biomass in the intertidal zone. Marine macroalgae have been recognized as the plant-based food of the future (Winterman, 

2012), as research have noted that these macroalgae are rich source of health-promoting compounds capable of acting on a wide spectrum of 

disorders and diseases (Lordan, et al., 2011, Fitzgerald, et al., 2011 and Cardoso, et al., 2014).  Although macroalgae do not compete with 

food crops for the use of arable land and fresh water resources. Sargassum  brown macroalgae, aquatic ‘plants’, pose a large disposal problem 

for beaches worldwide, and this macroalgae bio-oil cannot be directly used as a result of a high oxygen content and low heating values. 

However evidence based research have revealed that these photosynthetic biomasses are a good supply of essential nutrients including 

carbohydrates, protein and minerals (Lordan, et al., 2011 and Bocanegra, et al., 2009).  
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Common Name (Leafless Bladder Wort) 
A close-up of a small mass of Sargassum weed shows the numerous small round 

spheres are floats filled with carbon dioxide. These provide buoyancy to the algae. 

 

 

Scientific classification of Sargassum spp. 

 

Empire Eukaryotic 

Kingdom  Chromista 

Super Phylum  Heterokonta 

Phylum Ochrophyta 

Class Phaephyceae 

Subclass  Fucophycidae 

Order  Fucales 

Family Sargassaceae 

Genus Sargassum 
 

 

 

Figure 2: Macroalgae: Sargassum spp. Source: Aroyehun AbdulQudus Bola, Shariza Abdul Razak, Farid Che Ghazali.  

The Perspective of Macro Algae as Functional Food. Health and the Environment Journal, 2017 Vol 8, Supplement 1. 

 

These seaweeds also lack many of the distinct organs found in terrestrial plants. In this millennia, these marine macrophytic algae 

‘seaweeds’ represent one of the important living renewable resources of the marine ecosystem. This macroalgae biomass are purportedly 

enriched and contain many types of bioactive compound such as omega-3 PUFAs, fucoxanthin, fucosterol and polyphenol, sulfated 

polysaccharides, dietary fiber, essential amino acids, minerals and vitamins (Plaza, et al., 2008). As such geochemical vouchered macroalgae 

lipids have potential applications for a marketable exploitation of human wellness benefits. 

Macroalgae seaweeds are marine photosynthetic biomasses in intertidal zones. Of approximately, 9000 seaweed species that have 

been identified, these biomasses have been documented to be rich in chemical compounds that possess biological applications with numerous 

health benefits. Marine macroalgae represent one of the richest sources of natural antioxidants (Mayer and Hamann, 2002; Ruperez, 2001). It 

is believed that marine macroalgae are protected against oxidative deterioration by certain antioxidant systems. On the basis of their 

pigmentation, these species have been broadly classified into three main groups of brown (Phaeophyta), red (Rhodophyta), and green 

(Chlorophyta) seaweeds (Miyashita, et al., 2013). The marine seaweeds lack distinct organs found in terrestrial plants, as such the entire plant 

is available as a biomass source. Geochemical signatures macroalgae contain various polysaccharides that could be used as prebiotic 

compounds for health applications. Different polysaccharides are found in all the species. Alginates, fucans, and laminarins are found in brown 

algae. Agar and carrageenans are also extracted from red algae. The benefits of macroalgae polysaccharides have been shown in vitro and in 

vivo. The results were promising as laboratory animals have been shown to have increased numbers of Bifidobacterium and Lactobacillus 

(Kuda et al., 2005; Wang et al., 2006). Chlorophyta contains highly complex sulfated heteropolysaccharides. Chlorophyta also contains non-

steroidal anti-inflammatory drugs (NSAID). Research have been conducted to reveal its potency as observed on patients with rheumatoid 

arthritis (RA), which is an autoimmune diseases characterized by flare-ups of arthritis involving small and large joints. In that clinical trial, it 

was revealed that anti inflammatory effect was mediated by an exaggerated production of eicosanoids and cytokines (Adam, et al., 2003). 

Macroalgae seaweed contains a wide range of bioactive compounds with potential antioxidant activity. The antioxidant sources of 

macroalgae seaweeds are related mainly to their polyphenols content, particularly phlorotannins, which are the largest group of polyphenols 

in brown seaweed (Eom, et al., 2012). Polyphenols derived from seaweeds may be more potent than analogous polyphenols derived from 

terrestrial plant sources due to presence of up to eight interconnected phenol rings (Hemat, 2007). Meanwhile phlorotannins purified from 

marine brown algae have been shown to exert antioxidant activities. These protective effects is against hydrogen peroxide-induced cell damage 

(Kang, et al., 2005; Kang et al., 2006). Phlorotannins act as free radical scavengers, reducing agents and metal chelators, and thus able to 

regulate lipid oxidation pathway. Phlorotannins are phenolic compounds formed by the polymerization of phloroglucinol defined as 1, 3, 5-

trihydroxybenzene monomer units and biosynthesized through the acetate–malonate pathway. These phenolic compounds are highly 

hydrophilic components with a wide range of molecular sizes ranging between 126 and 650,000 Da (Ragan and Glombitza, 1986). Marine 
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brown algae accumulate a variety of phloroglucinol-based polyphenols, as phlorotannins could be used as functional ingredients in 

nutraceutical with potential health effects (Wijesekara, Yoon, & Kim, 2010). Among the marine macroalgae, Ecklonia cava; an edible brown 

algae is a rich source of phlorotannins (Soo-Jin Heo, et al., 2005). These phlorotannins have several health beneficial biological activities 

including, antioxidant (Li, et al., 2009), anti-HIV (Artan, et al., 2008), anti-proliferative (Kong, Kim, Yoon, & Kim, 2009), anti-inflammatory 

(Jung, et al., 2009), radioprotective (Zhang et al., 2008), ant-diabetic (Lee, Li, Karadeniz, Kim, & Kim, 2009), acetyl cholinesterase inhibitory 

effects  as in anti- Alzheimer's disease (Yoon, Lee, Li, & Kim, 2009), anti-microbial (Nagayama, Iwamura, Shibata, Hirayama, & Nakamura, 

2002) and anti-hypertensive (Jung, Hyun, Kim, & Choi, 2006) pathophysiology. 

Macroalgae lipids have scientifically marketable applications potential. These macroalgae lipids have drawn increased scientific 

interest due to their purported health benefit and as plant-based food of the future. Macroalage lipids represent only 1%–5% of seaweed’s dried 

weight (DW), whereby almost half of that fraction is in polyunsaturated form.  Omega-3 and omega-6 fatty acids like eicosapentanoic acid 

and arachidonic acid are found in abundant. This is revealed by studies on Brown macroalgae lipids that were found to contain many types of 

bioactive compounds such as omega-3, omega-6, arachidonic acid, fucoxanthin, fucosterol, and some polyphenols. Among these compounds, 

fucoxanthin, major carotenoids in brown seaweed, is regarded as a nutraceutical compound specific to brown seaweed lipids because it shows 

several physiological effects based on unique molecular mechanisms (Miyashita. et al., 2011). Nutrigenomic studies reveal that fucoxanthin 

induces uncoupling protein 1 [UCP1] in abdominal white adipose tissue [WAT] mitochondria, leading to the oxidation of fatty acids and heat 

production in WAT. Fucoxanthin also improves insulin resistance and decreases blood glucose levels through the regulation of cytokine 

secretions from WAT. Fucoidan is a fucose-containing sulfated polysaccharide derived from brown seaweed such as Laminaria and Fucus. 

Studies have demonstrated antiproliferative, antiangiogenic, and anticancer properties of fucoidan in vitro by targeting multiple receptors or 

signaling molecules in various cell types of tumor cells [as an antiangiogenic agent] and immune cells.  VO, et al., 2012, have also showed 

that the marine algae derived fucoidan is effective as an anticoagulant agent similar to that of heparin, which has been used as the anticoagulant 

drug of choice for many years. However, due to heparin’s side effects such as excessive bleeding, thrombocytopenia, mild transaminase 

elevation, and hyperkalemia, there is a need for alternatives.  

Dietary iodine is essential for the production of the thyroid hormones thyroxine and triiodothyronine, which regulate many important 

physiological processes in humans. A dietary iodine deficiency can cause several problems including an effect on growth and development 

due to insufficient formation of the thyroid hormones leading to spontaneous abortion, stillbirth, cretinism, goiter, and mental defects. Iodine 

is ubiquitous in seawater. In fact, kelp, a type of macroalgae, is a rich source of iodine and is used as a functional food and nutritional 

supplement (Li, et al., 2009; Catarina Guedes et al., 2013). At present the development of beverages products with macroalgae revealed that 

these beverages  containing water-insoluble algal dietary fibers (of 0.01% to 20%), citric acid, sugar, fruit juice, plant thickeners and water, 

which can prevent and ameliorate distinct diseases, that include cardiovascular disorders (Fu, et al., 2009). Meanwhile a Hizikia fusiforme 

macroalgae fortified drink with antihypertensive effects has been formulated (Kim, 2008). This latter product contained a purified form of 

polymannuronic acid from the macroalgae kelp Undaria. 

Macroalgae seaweed-derived sulfated polysaccharides including agar and alginate, have found widespread applications in 

biomedical research and medical therapeutic applications including wound healing, drug delivery, and tissue engineering. Given the recent 

increases in the incidence of diabetes, obesity and hyperlipidemia, there is a pressing need for low cost therapeutics that can economically and 

effectively slow the progression of atherosclerosis (Nikita, et al., 2018). Marine sulfated polysaccharides have been consumed by humans for 

millennia and are available in large quantities at low cost. Sulfated polysaccharides representatives from macroalgae such as ulvans, 

carrageenans and fucoidans, are now regards as exploitable bioactives compounds which have protective effects on atherosclerotic-plaque 

formation and its related progression. These carrageenans, are typically present in red macroalgae, were recently used in a clinical trial study. 

Patients with ischemic heart disease (IHD) were reported to exhibit a significant effect on lipid profile by a short-term carrageenans supplement. 

In fact, the prophylactic administration of the carrageenans food supplement in the complex therapy of IHD patients could significantly 

decrease the plasmatic TC levels by 16.5% and LDL-C by 33.5% as compared with the baseline measurements [Sokolova, et al., 2014] 

Obesity is a major epidemic that poses a worldwide threat to human health. Macroalgae are also been documented to have anti-

obesity activity, especially the brown macroalgae Undaria Pinnatifida, Hijikia fusiformis, and Sargassum fulvellum. Fucoxanthin isolated from 

edible seaweeds, and its metabolite fucoxanthinol, have been shown to inhibit pancreatic lipase activity in the gastrointestinal lumen. The 

inhibitory action leads to suppressed triacylglycerol absorption within the lymph-duct (Matsumoto, et al., 2010). In addition, fucoxanthin and 

fucoxanthinol were found to significantly inhibit pancreatic lipase activity, assayed based on inhibition of the hydrolysis of triolein. The 

inhibitory activities (IC50) of fucoxanthin and fucoxanthinol were similar but were much lower than orlistat. Fucoxanthin has also been reported 

to have an antidiabetic effect (Maeda, et al., 2009), which has a unique structure containing an allenic bond and a 5, 6-monoepoxide (Løvstad 

Holdt and Kraan 2011), whose structure has been linked to the anti-obesity effect (Miyashita, 2009). 

 

4.0 Bioactive and functional food compounds from predatory Crown-of-Thorns starfish 

 

Crown-of-Thorns starfish (COTs) or Acanthaster planci (Linnaeus, 1758) belongs to the phylum Echinodermata.  It is a radial marine 

invertebrate (Kosarek, 2000), that feed solely on coral reef tissue as such, will devastate coral reefs vegetation. These marine starfish are 

Asteroidea, and is the second largest starfish that propagates sexually and asexually (Harriott, et al., 2003). Asteroidea represent the second 

most diverse group within the phylum Echinodermata, with an estimated number of 1900 living species (Mah and Blake 2012, Mah, 2013). 

Over the years our research activities have indicate that indigenous Crown-of-Thorns (COTs) biomass are potentially prolific sources of highly 

bioactive components that might represent useful leads in the development of new pharmaceutical agents, nutraceutical functional foods and 

cosmeceutical applications. Among these compounds/components are the sulfated polysaccharides. Sulfated polysaccharides (SPs) 

glycosaminoglycans can now be extracted from geochemical taxonomied Acansther planci. This sulfated polysaccharides (SPs) 

glycosaminoglycans are also rich in fucoidans, carrageenans, and ulvans. The sulphated polysaccharides possesses a molecular mass of <30 

kDa. This molecular mass measurement has been shown to be its most biologically active mass weight. Vis a Vis, the sulphated polysaccharides 

of 26–35 kDa have been shown to be able to block carcinogens and display antiviral properties. With these properties (molecular biology, 

biochemistry, and enzymology) it seems very indicative that indigenous Acansther planci biomass is an industrial technology-able applications 

biomass. 

Antiviral compounds, AP-I and AP-II was successfully purified from COTs by Shimizu, (1971). The extracted biological active 

compounds were found to inhibit the multiplication of influenza virus in chicken embryos. The said study also support similar antiviral 

compounds found present in two other species of starfish, i.e. Asterias forbesi and Asterina pectinifera. In addition to that, COTs integument 

cellular and visceral tissues level characterization have been examined microscopically (optical and scanning electron microscopy) and was 

found to be rich in mutable dense collagenous bundles (Bahrom, et al., 2012). Our study has successfully extracted collagen (as also reported 

by O’Neil, 1989) from the body wall of local indigenous coral reef associated COTs (Tan et al., 2013). Pepsin-solubilized collagen (PSC) was 
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isolated from the inert body wall of COTs using pepsin digestion in 0.5 M acetic acid (conventional method). The electrophoretic pattern of 

PSC showed that it contained two main α- chains components (α1 and α2 chains), suggesting that it might be a type I collagen. While the 

amino acid composition analysis showed that the said PSC contained high content of glycine, proline and hydroxyproline, Fourier transform 

infrared spectroscopy (FTIR) investigation also revealed the existence of triple helix structure of the isolated collagen. The study seems in 

agreement that the collagen molecules from echinoderm collagenous tissues are similar to mammalian fibrilar collagens in the length of their 

triple helices and in their quarter-staggered association to form fibrils with a characteristic D-period and gap/overlap ratio. 

 

 
 

Figure 3: SEM photomicrograph of pepsin solubilized collagen from Crown-of-Thorns starfish (COTs) revealed a homogenous  

soft surface that is easily folded. Secondary electron mode. Gold coated. Source: Tan et al., 2013 and Bahrom, et al., 2012. 

 

These starfish are coral predatory marine invertebrates that feed solely on coral reef tissue as such, will devastate coral reefs 

vegetation. There is a long documented history of research into Crown-of-Thorns starfish biology, ecology, and the causes of their outbreak. 

These marine starfish are Asteroidea that represent the second most diverse group within the phylum Echinodermata used as traditional 

medicine for thousands of years in China and North-eastern Brazil (Ventura, et al. 2012). Taxonomically, the Crown-of-Thorns starfish (COTs) 

is the second largest starfish categorized under the phylum. It is a carnivorous starfish that preys on the polyps of reef-building corals. The 

species is widely distributed across the Indo-Pacific in tropical and subtropical latitudes and occurs in most locations where scleractinian corals, 

the primary food of adult Crown-of Thorns are common.  Indigenous population in northeastern Brazil have utilized dried whole starfish such 

as Oreaster reticulates, Luidia senegalensis and Echinaster sp. as traditional medicine component to treat diseases such as asthma, bronchitis, 

diabetes and heart diseases (Alves and Rosa, 2007; Alves and Alves, 2011). Presently more than 1900 species of starfish’s are recognized.  

Various biologically active compounds and molecules have recently been identified in starfish such as glucosylceramides, steroidal 

glycosides, ceramide, and cerebrosides (Farhana Sharmin, et al., 2017, and Ishii, et al., 2006). In pertinent to this, the biological actives 

metabolites from starfish could be subdivided into three main groups: i.e., asterosaponins, cyclic steroidal glycosides and glycosides of 

polyhydroxylated steroids. Steroidal glycosides, are composed of a polyhydroxylated steroidal aglycone and a carbohydrate portion containing 

only one or two monosaccharide units, are a growing subgroup of the active glycoside compounds that have been isolated from starfishes 

([Iorizzi, et al., 1986). Steroidal glycosides are the main metabolites of starfish and possess most toxicity. Meanwhile, glycoside that belongs 

to the asterosaponins, are reported to exhibit various biological activities, including hemolytic, cytotoxic, antifungal, antibacterial and antiviral 

activities (Lee, et al., 2014). In tandem to this, Luo, et al., 2011, reported that the Crown-of-Thorns starfish chemical constituent results showed 

that its protein content of was 19.8 to 22.0% of its dry weight and the amino acid composition was similar to that of fish meal. 

The venomous Crown-of-Thorns starfish possesses many useful pharmacological and biological characteristics. Among them are 

anticancer properties (Lee, et al., 2014). Vis a Vis, purified cytotoxic toxin from Crown-of-Thorns starfish venom has been identified. These 

cytotoxic toxin have been identified as plancitoxin I protein by mass spectrum analyses. The Plancitoxin I showed characteristics to be able to 

inhibits the proliferation of A375.S2 cells through induction of oxidative stress, mitochondrial dysfunction and ER stress associated apoptosis 

pathway. At times whereby, breast cancer remains the most common cancer among women all over the world, Many new drugs derived from 

secondary metabolites have  been applied in the treatment and/or prevention of cancer.  Current chemotherapeutic drugs for breast cancer such 

as tamoxifen show severe side effects. Therefore, there is a focus toward new chemotherapeutic agents (such as revealed by plancitoxin 1) to 

be obtained from marine biomasses such as Crown-of-Thorns starfish biomass or byproducts. Study have been  conducted to evaluate cytotoxic 

and apoptotic effects of geochemical vouchered Acanthaster planci starfish extract compared to tamoxifen in human breast cancer MCF-7 cell 

line. The extract was obtained using phosphate buffered saline. MTS assay and Annexin V assay were performed to evaluate the cytotoxic 

effect and apoptotic effect, respectively. The extract was found to inhibit the growth of MCF-7 cells (IC50=15.6 µg/ml) and induced apoptosis 

(52.9% after 1 hour treatment and 63.9% after 2 ours treatment). This apoptotic effect was more potent and earlier than the apoptotic effect 

induced by tamoxifen. This study seems to suggest that Crown-of-Thorns starfish extract may be utilized as potential chemotherapeutic agents 

to be used in the treatment of human breast cancer (Ahmed Faisal Mutee, et al., 2012). 

 

5.0 Conclusion 

 

Entering into the industrial 4 eras of these millennia, marine geochemical signature organisms such as Crown of Thorns COTs, 

macroalgae and sea cucumbers are excellent sources of structurally diverse molecules that are potentially valuable as formulation of drug 

products. Among the structurally diverse molecules is sulfated polysaccharides and its representatives especially glycosaminoglycan. Further 

scientific advances in marine exploration strategies, natural products chemistry, genomic and bioassays characterizations studies will lead to 

greater surge in the search for marine based novel biomolecules. However the importance of correct taxonomic characterization and 

identification during outsourcing is a must do. 
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Optimised with green approaches, well vouchered marine biomasses and its by products are tangible exploitable resources. As such, 

these marine biomass and byproducts seems to offer many possibilities that do have advantages towards human wellness and can be considered 

to be of a safer alternative to some existing biotechnogical derived synthetic drugs. 

The review and its literatures seem very indicative that functional marine derived compounds: proteins, peptides, amino acids, fatty 

acids, sterols, polysaccharides, oligosaccharides, phenolic compounds, photosynthetic pigments, vitamins, and minerals) are of significant 

finding within the marine biomasses. As such these compounds can be applied and optimised as therapeutic drugs, nutraceutical products and 

as cosmetic solutions products (especially in anti-aging process). 

 

6.0 Declaration 

 

The authors declare no conflicts of interest in this work. 

 

7.0 Acknowledgements  
 

This study was supported via a Fundamental Research Grant Scheme (FRGS) grant number: 203/PPSK/61711139 and a USM Short 

Term Grant: Grant Number: 304/PPSK/6139058). The researchers greatly appreciate the technical support for this research activity from Mr. 

Hasbullah Abdul Samad from School of Health Sciences, Universiti Sains Malaysia (USM) health campus. 

 

 

8.0 References 

 

Adam, O., Beringer, C., Kless, T., Lemmen, C., Adam, A., Wiseman, M., Adam, P., Klimmek, R., Forth, W. (2003). Anti-inflammatory effects 

of a low arachidonic acid diet and fish oil in patients with rheumatoid arthritis. Rheumatol Int 23:27–36. 

Ahmed Faisal Mutee, Salizawati Muhamad Salhimi, Farid Che Ghazali, Faisal Muti Al-Hassan, Chung Pin Lim, Kamarruddin Ibrahim and 

Mohd Zaini Asmawi. (2012). Apoptosis induced in human breast cancer cell line by Acanthaster planci starfish extract compared to 

tamoxifen. Afr. J. Pharm. Pharmacol. Vol.6 (3), pp. 129 - 134, January. 

Althunibat, O. Y., Ridzwan, B. H., Taher, M., Jamaludin, M. D; Ikeda, MA; Zali, B. I. (2009), In vitro antioxidant and antiproliferative 

activities of three Malaysian sea cucumber species. Eur. J. Sci. Res. 37, 376–387.  

Alves, R. R., Alves, H. N. (2011). The faunal drugstore: animal-based remedies used in traditional medicines in Latin America. J. Ethnobiol. 

Ethnomed. 10:1746-4269. 

Aminin DL, Agafonova IG, Berdyshev EV, Isachenko EG, Avilov SA, Stonik VA (2004) Immunomodulatory properties of cucumariosides 

from the edible Far-eastern holothurian Cucumaria japonica. J Med Food 4(3):127–135. 

Aminin, D. L., Chaykina, E. L., Agafonova, I. G., Avilov, S. A., Kalinin, VI., Stonik, V. A. (2010). Antitumor activity of the 

immunomodulatory lead Cumaside. Int. Immunopharmacol., 10, 648–654.  

Anantharaman, P., Dev, G. K., Manivannan, K., Balasubramania, T. (2011). Vitamin-C content of some marine macroalgae from Gulf of 

Mannar Marine Biosphere Reserve, Southeast Coast of India. Plant Archives 11:343–6.  

Bahrom, N. A., Sirajudeen, K. N. S., Yip, G. W., Latiff, A. A., Ghazali, F. C. (2012). Electron Microscopical Observation Of Crown-Of-

Thorns’ Acanthaster Planci Integument, Internal Tissue And Coelomic Fluid. Malaysian Journal of Microscopy. Vol. 8. 153-158. 

ISSN: 1823-7010. 

Beauregard, K.A., Truong, N. T., Zhang, H., Lin, W., Beck, G. (2001). The detection and isolation of a novel antimicrobial peptide from the 

echinoderm, Cucumaria frondosa. Adv. Exp. Med. Biol. 484, 55–62. 

Bita Forghani., Afshin Ebrahimpour., Jamilah Bakar., Azizah Abdul Hamid., Zaiton Hassan., Nazamid Saari. (2012). Enzyme Hydrolysates 

from Stichopus horrens as a New Source for Angiotensin-Converting Enzyme Inhibitory Peptides Evidence-Based Complementary 

and Alternative Medicine, Article ID 236384, 9 pages. doi:10.1155/2012/236384 

Bocanegra, A.; Bastida, S.; Benedí, J.; Ródenas, S.; Sánchez-Muniz, F.J. Characteristics and nutritional and cardiovascular-health properties 

of seaweeds. J. Med. Food 2009, 12, 236–258. 

Butterfield, D. A., Castenga, A., Pocernich, C. B., Drake, J., Scapagnini, G., & Calabrese, V. (2002). Nutritional approaches to combat 

oxidative stress in Alzheimer's disease. Journal of Nutritional Biochemistry, 13, 444−461. 

Cardoso, S.M.; Carvalho, L.G.; Silva, P.J; Rodrigues, M.S.; Pereira, O.R.; Pereira, L. Bioproducts from seaweeds: A review with special focus 

on the Iberian Peninsula. Curr. Org. Chem. 2014, 18, 896–917. 3.  

Census of Marine Life. Available online: http://www.coml.org (Accessed on 23rd March 2017). 

Chen, S; Xue, C; Yin, L; Tang, Q; Yu, G; Chai, W. Comparison of structures and anticoagulant activities of fucosylated chondroitin sulfates 

from different sea cucumbers. Carbohydr. Polym 2011, 83, 688–696.  

Chu Wan-Loy and Phang Siew-Moi. (2016). Marine Algae as a Potential Source for Anti-Obesity Agents. Mar Drugs. v.14 (12); Dec. 

Collin, P. D. (1998). Tissue fraction of sea cucumber for the treatment of inflammation. United State Patent 5,770,205, 23 June. 

Collin, P. D. (1999). Process for obtaining medically active fractions from sea cucumber. United State Patent 5,876,762, 2 March.  

Collin, P. D. (2004). Peptides having anti-cancer and anti-inflammatory activity. United State Patent 6,767,890, 27 July.  

Conand, C. The Fishery Resources of Pacific Island Countries. Part 2 Holothurians (Fisheries Technical Paper No. 272.2); Food and 

Agriculture Organisation: Rome, Italy, 1990.  

Dawczynski, C., Schubert, R., Jahreis, G. (2007). Amino acids, fatty acids, and dietary fibre in edible seaweed products. Food Chem., 103, 

891–899. 

Diplock, A.T., P.J. Agget, M. Ashwell, F. Bornet, E.B. Fern, and M.B. Roberfroid. (1999). Scientific concepts of functional foods in Europe: 

consensus document. British Journal of Nutrition 81: S1–S27. 

Eom, S.-H., Kim, Y.-M., Kim, S.-K. (2012). Antimicrobial effect of phlorotannins from marine brown algae. Food Chem. Toxicol., 50, 3251–

3255. 

Farhana Sharmin., Shoichiro Ishizaki., Yuji Nagashima. (2017). Molecular identification, micronutrient content, antifungal and hemolytic 

activity of starfish Asterias Amurensis collected from Kobe coast, Japan. African Journal of Biotechnology. Vol. 16(4). 163-170, 25 

January. 

Fell, H.B. Phylum Echinodermata. In Textbook of Zoology: Invertebrates; Marshall, A.J., Williams, W.D., Eds.; Macmillan Education UK: 

London, UK, 1972; 776–837.  



Life Sciences, Medicine and Biomedicine, Vol 3 No 5 (2019) 42         7 
 
Fitzgerald, C.; Gallagher, E.; Tasdemir, D.; Hayes, M. Heart health peptides from macroalgae and their potential use in functional foods. J. 

Agric. Food Chem. 2011, 59, 6829–6836.  

Fredalina, B. D., Ridzwan., B. H, Zainal Abidin., A. A., Kaswandi,  M. A., Zaiton, H, Zali, I, Kittakoop, P., Mat Jais, A.M. (1999). Fatty acid 

composition in local sea cucumber, Stichopus chloronotus for wound healing. General Pharmacology, 33, 337-340. 

Frlich, I., Riederer, P. (1995). Free radical mechanisms in dementia of Alzheimer type and the potential for antioxidative treatment. Drug 

Research, 45, 443−449. 

Fu, X., Gao, Y., Li, L. Wang, J., Xue, C., Xu, J.; Yang, Q. (2009).Beverage Containing Water Insoluble Dietary Fiber Useful for Preventing 

and/or Treating e.g., Cardiovascular Disease, Diabetes and Gallstone, Comprises Algae Dietary Fiber, Citric Acid, Sugar, Fruit Juice, 

Plant Hardener and Water. CN 101427835 A, 13 May.  

Goad, L. J., Garneau, F.X., Simard, J. L., ApSimon, J. W., Girard, M. (1985). Isolation of Δ9 (11)-sterols from the sea cucumber. Implications 

for holothurin biosynthesis. Tetrahedron Lett, 26, 3513–3516.  

Haidara, M A, Yassin, H., Rateb, M.A., Ibrahim, I. M., El-Zorkan M. M., Roshd, N. K. 2006. The potential protective effects of vitamin C on 

glucose homeostasis and muscle function in STZ-induced diabetic rats. In: Peel T, editor. Vitamin C: new research. New York: Nova 

Publishers. 41–57. 

Soo-Jin Heo,   Eun-Ju Park, Ki-Wan Lee, You-Jin Jeon. Antioxidant activities of enzymatic extracts from brown seaweeds. Bioresource 

Technology. Volume 96, Issue 14, September 2005, 1613-1623. 

Hamaguchi, P; Geirsdottir, M; Vrac, A; Kristinsson, HG; Sveinsdottir, H; Fridjonsson, OH; Hreggvidsson, GO. In vitro antioxidant and 

antihypertensive properties of Icelandic sea cucumber (Cucumaria frondosa). Presented at IFT 10 Annual Meeting & Food Expo, 

Chicago, IL, USA, 17–20 July 2010. Presentation no. 282–04. 

Harnedy PA, FitzGerald RJ. 2011. Bioactive proteins, peptides, and amino acids from macroalgae. J Phycol 47:218–32. 

Harriott, V., Goggin, L., Sweatman, H., 2003. Crown-of thorns starfish on the Great Barrier Reef. Reef Research Center.  

Hemat, R. A. S. (2007). In Fat and muscle dysfunction. In R. A. S. Hemat (Ed.). Andropathy (pp. 83–85). Dublin, Ireland: Urotext. 

Hing, H. L., Kaswandi, M. A., Azraul-Mumtazah, R., Hamidah, SA; Sahalan, A.Z., Normalawati, S., Samsudin, M. W., Ridzwan, B. H. Effect 

of methanol extracts from sea cucumbers Holothuria edulis and Stichopus chloronotus on Candida albicans. Microsc. Microanal 2007, 

13, 270–271. 

Huizeng, F. Sea cucumber: Ginseng of sea. Zhongguo Marine Med. 2001, 82, 37–44. 

Ibrahim, M. (2003). Sea cucumber, nature’s cure to disease. Retrieved 8th April 2018 from 

http://www.naturalhealthweb.com/articles/Ibrahim1.htm. 

Iorizzi M, Minale L, Riccio R, Debray M, Menou JL (1986) Steroidal glycosides  from the starfish Halityle regularis. J Nat Prod 49: 67-78). 

Ishii, T., Okino, T., Mino, Y. (2006). A ceramide and cerebroside from the starfish Asterias amurensis Luetken and their plant-growth 

promotion activities. J. Nat. Prod. 69:1080-1082. 

Jung, H. A., Hyun, S. K., Kim, H. R., Choi, J. S. (2006). Angiotensin-converting enzyme I inhibitory activity of phlorotannins from Ecklonia 

stolonifera. Fisheries Science, 72, 1292−1299. 

Kamarul, RK, Ridzwan, H., Gires, U. (2010). Phylogeny of sea cucumber (Echinodermata: Holothuroidea) as inferred from 16S Mitochondrial 

rRNA gene sequences, Sains Malaysiana, 39(2), 209-21. 

Kang, K. A., Lee, K. H., Chae, S. W., Koh, Y. S., Yoo, B. S., Kim, J. H.,  (2005). Triphlorethol-A from Ecklonia cava protects V79-4 lung 

fibroblast against hydrogen peroxide induced cell damage. Free Radical Research, 39, 883−892. 

Kang, K. A., Lee, K. H., Chae, S., Zhang, R., Jung, M. S., Ham, Y. M., (2006). Cytoprotective effect of phloroglucinol on oxidative stress 

induced cell damage via catalase activation. Journal of Cellular Biochemistry, 97, 609−620. 

Kerr, R; Chen, Z. (1995). In vivo and in vitro biosynthesis of saponins in sea cucumbers (Holothuroidea). J. Nat. Prod., 58, 172–176. 

Kim, K.S. (2018). Beverage Composition Using Sea Weed Fusiforme and Onion for the Prevention of Hypertension. WO 2008032958 A1, 

10th July 2018. 

Kim, S. K., Wijesekara, I. (2010). Development and biological activities of marine derived bioactive peptides: A review. Journal of Functional 

Foods, 2, 1−9.  

Kim, S. Y., Je, J. Y., Kim, S. K. (2007). Purification and characterization of antioxidant peptide from hoki (Johnius balengerii) frame protein 

by gastrointestinal digestion. Journal of Nutritional Biochemistry, 18, 31−38. 

Kosarek, N. (2000) Acanthaster planci. Animal Diversity Web. Accessed 24 July 2018 at 

http://animaldiversity.ummz.umich.edu/site/accounts/information/Acanthaster_planci.html. 

Kuda, T., Yano, T., Matsuda, N., Nishizawa, M. (2005). Inhibitory effects of laminaran and low molecular alginate against the putrefactive 

compounds produced by intestinal micro flora in vitro and in rats. Food Chem 91:745–9. 

Lee, C. C., Hsieh, H.J., Hsieh, C. H., Hwang, D. F. (2014). Antioxidative and anticancer activities of various ethanolic extract fractions from 

crown of- thorns starfish (Acanthaster planci). Environ. Toxicol. Pharmacol.38:761-773. 

Li H-B., Xu X-R., Chen F. (2009). Determination of iodine in seawater: methods and applications. In: Preedy VR, Burrow, G.N., Watson, 

R.R., editors. Nutritional, biochemical, pathological and therapeutic aspects. San Diego, CA: Academic Press. 1–3. 

Linhardt, R. J., Loganathan, D., Al-Hakim A. (1990) Oligosaccharide mapping of low molecular weight heparins: structure and activity 

differences. J Med Chem 33:1639–1645. 

Linné, C, von (1758). Systema naturae per regna tria naturae secundum classes, ordines, genera, species, cum characteribus, differentiis, 

synonymis locis, Ed. 10, reformata. L. Salvii. 

Lordan, S., Symth, T. J., Soler-Vila, A., Stanton, C., Ross, R.P. (2013). The α-amylase and α-glucosidase Inhibitory Effects of Irish Seaweed 

Extracts. Food Chem., 141(3):2170-6. 

Lordan, S.; Ross, R.P.; Stanton, C. Marine bioactives as functional food ingredients: Potential to reduce the incidence of chronic diseases. Mar. 

Drugs 2011, 9, 1056–1100. 

Luo, P., Hu, C. Q., Xia, J. J., Ren, C. H, Jiang, X. (2011). Chemical constituent analysis of the crown-of-thorns starfish Acanthaster planci 

and potential utilization value of the starfish as feed ingredient for animals. Afr. J. Biotechnol. 10:13610-13616. 

Mah CL, Blake DB. (2012) Global diversity and phylogeny of the Asteroidea (Echinodermata). PLoS ONE. 7(4): Doi: 

10.1371/journal.pone.0035644. 

Mah CL. (2013) World Asteroidea database. http://www.marinespecies.org/asteroidea [Accessed 25th November 2018). 

Mamelona, J., Pelletier, E. M., Lalancette, K G., Legault, J., Karboune, S., Kermasha, S. (2007). Quantification of phenolic contents and 

antioxidant capacity of Atlantic sea cucumber, Cucumaria frondosa. Food Chem. 104, 1040–1047. 

Marquez, U. M. L., Sinnecker, P. (2007). Chlorophylls: properties, biosynthesis, degradation and functions. In: Socaciu C, editor. Food 

colorants: chemical and functional properties. Boca Raton, FL: CRC Press. 25–46. 



Life Sciences, Medicine and Biomedicine, Vol 3 No 5 (2019) 42         8 
 
Matsumoto M., Hosokawa M., Matsukawa N., Hagio M., Shinoki A., Nishimukai M., Miyashita K., Yajima T., Hara H. (2010). Suppressive 

effects of the marine carotenoids, fucoxanthin and fucoxanthinol on triglyceride absorption in lymph duct-cannulated rats. Eur. J. Nutr. 

49:243–249. Doi: 10.1007/s00394-009-0078-y. 

Md Zainul Abedin., Alias A Karim, Faiyaz Ahmed, Aishah A Latiff., Chee‐Yuen Gan, Farid Che Ghazali., Md Zaidul Islam Sarker. (2013). 

Isolation and characterization of pepsin‐solubilized collagen from the integument of sea cucumber (Stichopus vastus). Journal of the 

Science of Food and Agriculture. 93, 1083-1088.  

Md Zainul Abedin., Alias A Karim., Aishah A Latiff., Chee-Yuen Gan., Farid Che Ghazali., Zoha Barzideh., Sahena Ferdosh, Md Jahurul 

Haque Akanda., Wahidu Zzama., Md Rezaul Karim., Md Zaidul Islam Sarker. (2014). Biochemical and radical-scavenging properties 

of sea cucumber (Stichopus vastus) collagen hydrolysates.  Natural product research. 28. 1302-1305 

Miyamoto, T., Togawa, K., Higuchi, R., Komori, T., Sasaki, T. (1990). Constituents of Holothuroidea, II. Six newly identified biologically 

active triterpenoid glycoside sulfates from the sea cucumber Cucumaria echinata. Eur. J. Org. Chem. 453–460.  

Miyashita, K., Mikami, N. Hosokawa, M. (2013). Chemical and nutritional characteristics of brown seaweed lipids: A review. J. Funct. Foods. 

5, 1507–1517. 

Miyashita, K., Nishikawa, S., Beppu, F., Tsukui, T., Abe, M., Hosokawa, M. (2011). The allenic carotenoids fucoxanthin, a novel marine 

nutraceutical from brown seaweeds. J. Sci. Food Agric., 91, 1166–1174. 

Mojica, E. R. E., Merca, F. E. (2005). Isolation and partial characterization of a lectin from the internal organs of the sea cucumber (Holothuria 

scabra Jäger). Int. J. Zool. Res., 1, 59–65. 

Mojica, E. R.E., Merca, F. E. (2004),. Lectin from the body walls of black sea cucumber (Holothuria atra Jäger). Philipp. J. Sci. 133, 77–85.  

Mojica, ERE; Merca, FE. Biological properties of lectin from sea cucumber (Holothuria scabra Jäger). J. Biol. Sci 2005, 5, 472–477. 

Mourao, P.A.S., Pereira, M. S. (1999). Searching for alternatives to heparin: Sulfated fucans from marine invertebrates. Trends Cardiovasc. 

Med., 9, 225–232.  

Mourao, PAS; Guimaraes, B; Mulloy, B; Thomas, S; Gray, E. (1998). Antithrombotic activity of a fucosylated chondroitin sulphate from 

echinoderm: Sulphated fucose branches on the polysaccharide account for its antithrombotic action. Br. J. Haematol., 101, 647–652.  

Nagase, H., Enjyoji, K., Minamiguchi, K., Kitazato, KT., Kitazato, K., Saito, H., Kato, H. (1995). Depolymerized holothurian 

glycosaminoglycan with novel anticoagulant actions: Antithrombin III-and heparin cofactor II-independent inhibition of factor X 

activation by factor IXa-factor VIIIa complex and heparin cofactor II-dependent inhibition of thrombin. Blood. 85, 1527–1534.  

Nikita P. Patil, Victoria Le, Andrew D. Sligar, Lei Mei, Daniel Chavarria, Emily Y. Yang and Aaron B. Baker. Algal Polysaccharides as 

Therapeutic Agents for Atherosclerosis. Front. Cardiovasc. Med. 5:153. Doi:10.3389/fcvm.2018.00153.  

Nurul ‘Izzah Ibrahim, Sok Kuan Wong, Isa Naina Mohamed, Norazlina Mohamed, Kok-Yong Chin, Soelaiman Ima-Nirwana and Ahmad 

Nazrun Shuid. (2018). Wound Healing Properties of Selected Natural Products. Available from: 

O’Neill, P. (1989). Structure and mechanics of starfish body wall. Journal of Experimental Biology, 147, 53-89. 

Pacheco, R. G., Vicente, C. P., Zancan, P., Mourão, P.A.S. (2000). Different antithrombotic mechanisms among glycosaminoglycans revealed 

with a new fucosylated chondroitin sulfate from an echinoderm. Blood Coagul. Fibrinolysis. 11, 563–573.  

Packer, L. (1997). The vitamin C radical and its reactions. In: Packer L, Fuchs J, editors. Vitamin C in health and disease. New York: CRC 

Press. P75–95 

Plaza, M., Cifuentes, A., Ibáñez, E. (2008). In the search of new functional food ingredients from algae. Trends in food science & technology 

19: 31-39. 

Rafiuddin, A. M., Venkateshwarlu, U., Jayakumar, R. (2004). Multilayered peptide incorporated collagen tubules for peripheral nerve repair. 

Biomaterials. 25, 85–94. 

Raheleh Ghanbari., Afshin Ebrahimpour., Azizah Abdul-Hamid, Amin Ismail., Nazamid Saari. (2012). Actinopyga lecanora Hydrolysates as 

Natural Antibacterial Agents. Int. J. Mol. Sci., 13(12), 16796-16811; doi:10.3390/ijms131216796. 

Rasmussen, R. S., Morrissey M. T. (2007). Marine biotechnology for production of food ingredients. Adv Food Nutr Res 52:237–92. 

Ridzwan, H., Kaswandi, M. A., Azman, Y., Fuad, M. (1995). Screen for Antibacterial Agents in Three Species of Sea Cucumber from Coastal 

Areas of Sabah. General Pharmacology. 26: 1539 - 1543. 

Roginsky, A., Singh, B., Ding, X. Z., Collin, P., Woodward, C., Talamonti, M.S., Bell, RH; Adrian, TE. (2004). Frondanol (R)-A5p from the 

sea cucumber, Cucumaria frondosa induces cell cycle arrest and apoptosis in pancreatic cancer cells. Pancreas. 29, 335.  

Rômulo RN Alves., Humberto N Alves. (2011). The faunal drugstore: Animal-based remedies used in traditional medicines in Latin America. 

Journal of Ethnobiology and Ethnomedicine. 7:9 

Rômulo, R. N Alves., Ierecê, M. L. Rosa. (2007). Biodiversity, traditional medicine and public health: where do they meet? Journal of 

Ethnobiology and Ethnomedicine.. 3:14. 

San Miguel-Ruiz, JE; García-Arrarás, JE. Common cellular events occur during wound healing and organ regeneration in the sea cucumber 

Holothuria glaberrima. BMC Dev. Biol 2007, 7, 1–19. 

Shimizu, Y. (1971). Antiviral substances in starfish. Cellular and Molecular Life Sciences, 27, 1188-1189. 

Siro I., K´apolna E., K´apolna B., Lugasi A. (2008). Functional food. Product development, marketing and consumer acceptance-a review. 

Appetite 51:456–67. 

Siti Fathiah Masre., George W. Yip., K.N.S Sirajudeen., Farid Che Ghazali. (2010). Wound Healing Activity of Total Sulfated 

Glycosaminoglycan (GAG) from Stichopus vastus and Stichopus hermanni integumental Tissue in Rats. International Journal of 

Molecular Medicine and Advance Sciences. Year: Volume: 6. Issue: 4. 49-53 

Siti Fathiah Masre., George W. Yip., K.N.S. Sirajudeen., Farid Che Ghazali.  (2011). Quantitative analysis of sulfated glycosaminoglycans 

content of Malaysian sea cucumber Stichopus hermanni and Stichopus vastus. Natural product research 26(7):684-9 · August. 

Sokolova, E.V.; Bogdanovich, L.N.; Ivanova, T.B.; Byankina, A.O.; Kryzhanovskiy, S.P.; Yermak, I.M. (2014). Effect of carrageenans food 

supplement on patients with cardiovascular disease results in normalization of lipid profile and moderate modulation of immunity 

system markers. PharmaNutrition. 2, 33–37. 

Steven Purcell, Chantal Conand, Sven Uthicke and Maria Byrne.  (2016). Ecological Roles of Exploited Sea Cucumbers. Oceanography and 

marine biology.  December.  54. 367-386. Paper retrieved from Http: DOI: 10.1201/9781315368597-8 on 25th October 2018. 

Sugawara, T., Zaima, N., Yamamoto, A., Sakai, S., Noguchi, R., Hirata, T. (2006). Isolation of sphingoid bases of sea cucumber cerebrosides 

and their cytotoxicity against human colon cancer cells. Biosci. Biotechnol. Biochem. 70, 2906–2912.  

Suh, S. J., Ko, H. K., Song, K. H., Kim, J. R., Kwon, K. M., Chang, Y. C, Lee, Y. C, Kim, D.S., Park, S. J., Yang, J. H., Son, J. K., Na. M. K., 

Chang, H. W., Kim, C. H. (2011). Ethyl acetate fraction from Korean seaside starfish, Asterias amurensis, has an inhibitory effect on 

MMP-9 activity and expression and on migration behavior of TNF-induced human aortic smooth muscle cells. Toxicol. In vitro 25:767-

773. 



Life Sciences, Medicine and Biomedicine, Vol 3 No 5 (2019) 42         9 
 
Tian, F., Zhang, X., Tong, Y., Yi, Y., Zhang, S., Li, L., Sun, P., Lin, L., Ding, J. (2005).  PE, a new sulfated saponins from sea cucumber, 

exhibits anti-angiogenic and anti-tumor activities in vitro and in vivo. Cancer Biol. Ther. 4, 874–882.  

Tong, Y., Zhang, X., Tian, F., Yi, Y., Xu, Q., Li, L., Tong, L., Lin, L., Ding, J. (2005). Philinopside A, a novel marine-derived compound 

possessing dual anti-angiogenic and anti-tumor effects. Int. J. Cancer 114, 843–853.  

Vazhiyil, V. (2011a). Functional properties relevant to food product development. Marine polysaccharides food applications.  60. CRC Press. 

ISBN: 978-1- 4398-1526-7. 

Vazhiyil, V. (2011b). Seaweed, microalgae, and their Polysaccharides: Food applications. Marine polysaccharides food applications. 191- 235.  

CRC Press. ISBN: 978-1-4398-1526-7. 

Ventura, C. R. R., Borges, M., Campos, L. S., Costa-Lotufo, L. V., Freire, C. A., Hadel, V. F., Manso, C. L. C., Silva,  J. R. M. C., Tavares, 

Y., C. G., Tiago, . G. (2012) Echinoderm from Brazil: Historical research and the current state of biodiversity knowledge. In: Alvarado 

JJ, Sólis-Marin FA. (Orgs) Echinoderm Research and Diversity in Latin America. 1ed Springer, Berlin, 301–344. 

Vieira, R. P., Mulloy, B., Mourão, P. A. (1991). Structure of a fucose-branched chondroitin sulphate from sea cucumber. Evidence for the 

presence of 3-O-sulfo-β-D-glucuronosyl residues. J. Biol. Chem. 266, 13530–13536.  

VO, T. S., Ngo D. H., Kim, S. K. (2012). Marine algae as a potential pharmaceutical source for anti-allergic therapeutics. Process Biochem 

47:386–94. 

Wang, Y., Han, F., Hu, B., Li, J. ., Yu, W. G. (2006). In vivo prebiotic properties of alginate oligosaccharides prepared through enzymatic 

hydrolysis of alginate. Nutr Res 26:597–603. 

Winterman, D. Future Foods: What Will We Be Eating in 20 Years’ Time? Available online: http://www.bbc.com/news/magazine-18813075 

(accessed on 22nd November 2018), 

Witting, P.K., Stocker, R. (2003). Ascorbic acid in artherosclerosis. In: Asard H, May J, Smirnoff N, editors. Vitamin C: Its functions and 

biochemistry in animals and plants. Oxfordshire, UK: Garland Science/BIOS Scientific Publishers. 261–291.  

Yang, C. S., Landau, J. M., Huang, M. T., Newmark, H. L. (2001). Inhibition of carcinogenesis by dietary polyphenolic compounds. Annual 

Reviews in Nutrition, 21, 381−406.  

Yasser Chim-Chi., Leticia Olivera-Castill., David Betancur-Ancona., Luis Chel-Guerrero. (2017). Protein Hydrolysate Fractions from Sea 

Cucumber (Isostichopus badionotus) Inhibit Angiotensin-Converting Enzyme. Journal of Aquatic Food Product Technology.  Volume 

26.  - Issue 10.  

Zaidi, N.A., Hamid, A.A.A., Hamid, T.AT.H. 2017. Lactic acid bacteria with antimicrobial properties isolated from the intestines of Japanese 

quail (Coturnix Coturnix Japonica). Galeri Warisan Sains, 1(1), 10-12. 

Zou, Z., Yi, Y., Wu, H., Wu, J., Liaw, C., Lee, K. (2003). Intercedensides A–C, three new cytotoxic triterpene glycosides from the sea cucumber 

Mensamaria intercedens Lampert. J. Nat. Prod., 66, 1055–1060. 

 

 


