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Introduction

Marine systems have a greater biodiversity of living organisms than terrestrial ecosystem, 
providing numerous bioresources for human health. The subject has received great attention 
because of its unique properties supplying a range of marine-derived bioactive compounds 
useful as nutraceuticals and food supplements [1]. The diverse group present in the marine 
ecosystems include microalgae, macroalgae, bacteria, cyanobacteria, fish, and crustaceans 
which produce several primary as well as secondary metabolites as drug precursors. 
The bioactive compounds contain primary metabolites viz. polysaccharides, peptides, 
phytochemicals, vitamins, polyunsaturated fatty acids, minerals (selenium and iodine) and 
other bioactive compounds such as carotenoids and taurine [2]. Beside these many other 
active compounds are obtained from marine sources which are used as pharmaceuticals and 
nutraceuticals. 

In recent years, functional and bioactive compounds from natural sources such as 
terrestrial and marine plants, animals, or even microorganisms have become a potential 
source, which offers biologically active natural products [3]. Modern dietary habits and life 
style has increased the number diseases such as type 2 diabetes mellitus, obesity, metabolic 
syndrome, cancer, neurodegenerative diseases etc. [4]. The natural product mediated bioactive 
compounds have become an alternative to potentially harmful synthetic compounds having 
numerous side effects.

The diverse and dynamic nature of marine ecosystems have made the marine products a 
reservoir of new molecules for the development of nutraceuticals and disease specific drugs. 
More than 20,000 bioactive molecules have been isolated from marine sources, however, only 
few of them have been thoroughly studied and exploited to some degree [5]. Synthetic chemical 
drugs are found to be very active in treatment of different disorder involving immunity, allergic 
reactions, cardiovascular diseases, cancers or as immunosuppressant during transplantation 
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Abstract

Great attention is being paid to the natural sources which provide functional bioactive compounds 
having nutraceutical and food supplement value, and health benefits for prevention and treatment of 
diseases. Marine ecosystems have a high diversity as compared to terrestrial ecosystem. The interest 
in biologically active molecules from marine sources is increasing. These bioactive molecules include 
certain polysaccharides, several phytochemicals, pigments, peptides, fatty acids, vitamin and mineral 
nutrients. Production of secondary metabolites is an important phenomenon with respect to its adaption 
mechanism to marine ecosystem and they are drug precursors. Marine invertebrates are a diverse group 
and a reservoir of number of biologically active molecules. This review describes in brief the recent studies 
on these primary and secondary metabolites with reference to their potential use as nutraceuticals and 
health care.
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etc. Health concern remains because of the possible side effect 
of synthetic medicines due to misuse, overuse and uncontrolled 
application of these chemical compounds [3]. Nutraceuticals from 
natural products can prevent or treat numerous ailments and 
improve the quality of life without any adverse effect. The safe 
nature of the marine-based nutraceuticals makes them suitable 
alternative of synthetic drugs [6]. A range of marine organisms 
including fish, algae, crustaceans, sponges, molluscs, actinomycetes, 
fungi and many other microorganisms have been exploited as 
potential source of natural products. Marine microorganisms 
are novel source of bioactive substance viz. natural antioxidants, 
immunosuppressants enzyme inhibitors, hypocholesterolaemic 
agents, vitamins, antibiotics etc (7Gupta and Prakash,). All of them 
are not biologically active, but they have beneficial influence on 
human health. Although many of them have biological properties 
but they are prone to deterioration. Nanoencapsulation of such 
compounds will be a potential proposition to protect these 
compounds and enhance their bioavailability [3]. Marine molecules 
are vast in number. Given below are the bio-chemical nature and 
functions of the major bioactive compounds. 

Chitin and chitosan

Naturally occurring polymers with crystalline forms. While 
chitins are obtainable from exoskeleton of crustaceans, molluscs, 
insect and fungi, the main sources of chitosan are by-products 
of seafood processing, such as crab shells and shrimp/ prawn 
exoskeletons. Chitin and chitosan are natural polymers with same 
chemical structure. Chitin is water insoluble while chitosan is 
soluble in an acidic environment due to presence of free protonable 
amino groups in the D-glucosamine units [7,8]. Chitosan has three 
types of reactive functional groups, an anamine/acetamide, as well 
as both primary and secondary hydroxyl group [3]. Oxidative stress 
can damage cellular macromolecules and can lead to a range of 
health disorders including cancer. Chitosan and its derivatives due 
to their antioxidant properties can prevent oxidative damage by 
breaking the radical oxidation chain reaction [9].

Chitosan and its derivatives have potential antimicrobial 
activity which is due to polycationic nature of the polymer and 
their interaction with negatively charged microorganisms, leading 
to leakage of cellular substances and death of the microbes [10]. 
Chitosan has higher microbial activity as compared to chitin as 
the former one has higher number of positively charged amino 
groups [11]. Antimicrobial activity of chitosan and chitin is 
influenced by molecular weight, degree of deacetylation, pH and 
degree of acetylation. The source of chitosan and chitin influences 
their antimicrobial properties. Potential use of chitosan is very 
low due to their poor solubility in organic solvent [3]. Chitosan’s 
amino and hydroxyl groups can undergo various modifications to 

adjust its physicochemical properties for specific applications. The 
chitosan derivatives exhibit strong antimicrobial activity against 
the Gram-negative bacteria viz. E coli, Klebsiella, Gram-positive 
bacteria viz. Staphylococcus aureus and Staphylococcus mutans as 
well as fungi viz. Aspergillus fumigatus and Candida albicans [12]. 
Chitosan derivative N-guanidinium chitosan acetate showed best 
antimicrobial activity against E coli ,Pseudomonas aeruginosa, S 
aureus, Bacillus subtilis and Candida albicans [13]. 

Chitosen and its derivatives have unique hypertensive 
properties. Hypertension causes the development of cardiovascular 
disease. Angiotensin-I converting enzyme contributes to the 
regulation of blood pressure by converting inactive angiotensin I in 
to its active form angiotensin II and this causes small blood vessels 
to narrow and blood pressure to rise. Inhibition of ACE activity may 
be beneficial in preventing hypertension. Chitosen derivatives-
COS, in particular exhibited antihypertensive effects [14]. Their 
inhibitory effect on ACE is dependent on degree of deacetylation 
and molecular weight of the compound [15]. 

Common allergies occur as a result of interaction between an 
antigen and the antigen-specific immunoglobulin. However, asthma 
an allergic disease characterized by increased respiratory tract 
responsiveness. Vo et al. [16] showed that with three molecular 
weight ranges (1-3,3-5, and 5-10kDa) the lowest molecular weight 
attenuated allergic reactions by inhibiting degranulation and 
cytokinin production in mast cells. It has been reported that low 
molecular weight-COS has anti-inflammatory effects related to 
the regulation of Th2 and inflammatory, cytokines and therefore, 
and may be a promising candidate for the development of a potent 
therapeutic agent for the treatment of allergic asthma [17].

Obesity and diabetes are becoming a global burden on public 
health worldwide. Consumption of seafood plays a significant role 
in lowering obesity related health problem. Some of the ingredients 
in seafood are believed to have positive effect on the fight against 
obesity [18-20]. The level of Total Cholesterol (TC) and LDL-C 
in plasma and the triacylglycerol in the leaver and plasma are 
significantly reduced due to use of chitosan and its derivatives. 
Lowering the levels of lipids in the plasma results from the ability 
of chitosan to bind dietary lipids and the bile acids, and inhibit 
the activity of pancreatic lipase, thus reducing the absorption of 
intestinal fat in the gastrointestinal tract [21]. There are many 
studies which indicate that gain reduction in overweight is a factual 
phenomenon [22-24]. However, it has also been established that 
chitosan derivatives had only a minor effect on weight loss and 
therefore unlikely to be of clinical relevance [25].

Chitosan has an anti-cancer effect by limiting the growth of 
cancer cells [3]. The anti-tumor activity results from the potential 
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stimulating effect on immune system [8] as well as inhibiting 
angiogenesis and apoptosis from DNA fragmentation [9]. Sayari 
et al. [25] extracted chitin from by-products of N norvegicus, and 
the chitosan was obtained by partial deacetylation of chitin. The 
biopolymer showed antiproliferative activity against HCT116 colon 
cancer cells.

Proteins and peptides

Bioactive molecules are collagen, gelatins and albumins, and 
their sources are marine fishes. These compounds are mainly used 
in meat industry and have anti-oxidant, and anti-hypertensive 
properties [26,27]. Other components under protein and peptides 
are gelatine and albumin which are available from marine fishes 
and are used to treat chronic atrophic gastritis. The third bioactive 
molecule in this category is albumin which are available from 
molluscs and crustaceans. Albumin is basically an anticoagulant 
having anti-oxidant properties [28-29].

Polysaccharides

Polysaccharide is a biological compound found in many species 
of marine algae and crabs and krill [30]. The marine-derived 
polysaccharides are safer than mammalian polysaccharides and 
therefore, more suitable for drug development, nutraceuticals and 
cosmetics (31 Simat 59). Marine-derived bioactive polysaccharides 
include carrageenan, fucans fucoidan, agar furcelleran, ascophyllan, 
laminarin, polyuronides, alginates, chitin and chitosan having a 
range of biological activities which include anti-tumor, anti-cancer, 
anti-coagulant, anti-virus, cardioprotective, anti-inflammatory, 
antiallergic. Anti-oxidant, anti-diabetic, anti-bacterial and protease 
inhibitor activities [5,30,31]. Carrageenan and gelatin, the gel 
forming agents, have anti-HIV activity and anti-coagulant properties 
[32]. Agar is also a gel forming agent and are found in red alga [33]. 
Fucans and fucoidan are used as nutraceuticals and are available 
from cell walls of brown alga; they have anti-coagulants, antiviral, 
anti-thrombotic, proliferative and anti-inflammatory properties 
[34] and the most important components are chitin, chitosans and 
derivatives. These are gelling agents and edible protective films. 
Available from shrimps, crab lobster, prawn and krills, chitin and 
its derivatives have anti-oxidant, antimicrobial, anti-hypertensive, 
anti-allergy and anti-inflammatory, anti-obesity and antidiabetic, 
and antitumor activities [3]. 

Fucoidan, a sulphated polysaccharide is found in brown 
macroalagae has an array of biological activities. Fucoidan extracts 
are generally used in foods and dietary supplements for human 
consumption in a dose up to 250mg/day. Fucanoids from brown 
macroalgae also have an inhibitory role in colony formation in 
human melanoma and colon cancer cells [35].

Alginate, a linear polysaccharide, is naturally present in the 
brown macroalgae cell wall. Alginate has diverse applications such 
as alginate fibre wound dressings, as dental impression materials 
and preventing gastric reflux [36]. Other uses of alginate are food 
protection, gelling, thickening, coating, emulsifying and stabilizing 
agents in food products [37,38].

Carrageenan is structural component of red macroalgae cell 
membrane and has various biological activities such as anti-
thrombotic, anti-viral, anticancer and immunomodulatory [39,40]. 
Carrageenan is applied in drug delivery, bone and cartilage tissue 
regeneration and wound healing [41].

Ulvan is found in green macroalgae (Order Ulvales: Ulva 
and Enteromorpha sp) [39]. Main constituents of ulvan are 
sulphate, xylose, rhamnose, iduronic and glucuronic acids. Major 
biological activities of ulvan are antiviral, anticancer, antioxidant, 
immunomodulating and antihyperlipidemic. Ulvan controls 
cholesterol level by reducing total serum control Low Density 
Lipoprotein (LDL) cholesterol and triglycerides and elevate High 
Density Lipoprotein (HDL) cholesterol [42].

Pigments

The natural algal pigments synthesized by marine algae can 
be classified into three essential categories viz. carotenoids, 
chlorophylls and phycobiliproteins [41]. The stability of these 
compounds is dependent on their chemical structures, which are 
influenced by several factors such as oxygen, light, heat, air and pH 
[43]. The pigments are also characterized their photosynthetic roles 
[44]. Photosynthetic pigments have various pharmaceutical and 
health improving applications, such as their use in histochemistry, 
immunoassays, flow cytometry and cell imaging. The natural 
pigments are applied as food colourants, in nutraceuticals and 
cosmetic industries as they have antioxidant activity, antimicrobial, 
antidiabetic, anticarcinogenic, anti-inflammatory, anti-obesity and 
anticancer activities [3,45-47].

Phenolic compounds

Phenolics are aromatic compounds having one or more 
than one hydroxyl groups. A wide range of phenolic substances, 
including primary and secondary metabolites are found in plants 
which include phenols, phenylpropanoids ,flavonoids, benzoic 
acid derivatives, lignans, tannins, stilberns and lignins [48]. There 
are many environmental factors. such as salinity, UV radiation, 
temperature, and nutrient availability which influence the 
natural production of phenolic compound in marine organisms 
[3]. Phenolics found in marine macroalgae vary from simple 
phenolics to complex molecules such as phlorotannins. Phenolics 
from macroalgae from macroalgae have natural anti-allergic 
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properties for allergy remission [49], as functional ingredient 
in pharmaceuticals and prevention of neurogenerative disease 
and cardiovascular disease [50,51], and as compounds that have 
antidiabetic effect [52]

Marine enzymes

This group include gastric proteases, pepsins, gastricins and 
chymosins. Available in various fish body viscera like Atlantic cod, 
carp, harp, seals and tuna etc. They are cold renneting milk and 
fresh feed digestion aid [49]. Major sources of serine, cysteine 
and proteases, and lipases and transglutaminase are crustaceans, 
molluscs, seal and various species of sea fishes [49,53].

Vitamins and minerals

This group includes fat- and water-soluble vitamins, iron, 
iodine manganese and zinc which are used in food pharma and 
nutraceutical industries. Vitamins and minerals perform many 
essential functions in the body [54].

Fatty acids

Marine macroalgae also contains other important molecule 
like fatty acids, proteins and vitamins Omega-3 fatty acids are 
mostly marine fish-derived have unique nutraceutical properties. 
These have numerous health benefits which include reduction risk 
of cardiovascular problems and amelioration of diseases such as 
arthritis and hypertension [55].

Conclusion

Marine organisms are becoming unique source of biologically 
active compounds and being used in food, functional food and food 
supplement. Polysaccharides, chitin, chitosan, gelatin, peptides, 
pigments, polyphenols, minerals and vitamins, polyunsaturated 
fatty acids have diverse biological activities related to human 
ailments. Many are food ingredients, food colouring, food 
supplements, food property enhancer, health promoting food 
for consumption. There is serious concern among people on the 
benefits of natural food supplements and ill effect of synthetic one.

There is a need to adopt eco-friendly technologies for extraction 
of active compounds. Cultivation of the raw material should be given 
proper attention and it should be cost effective. Nanotechnology 
is emerging as a potential technology in food, medicine and 
nutraceuticals. Nanofibers are being used to enhance the stability 
of food materials. Nanotechnology applications of marine-based 
nutraceuticals could be integrated with other food materials having 
probiotic properties. Proper clinical trials will be a necessity to 
discover and confirm the therapeutic effect of new molecules.

References
1.	 Suleria HAR, Osborne S, Maski P, Gobe G (2015) Marine-based nutraceu-

ticals: An Innovative trend in the food and supplement industries. Mar 
Drugs 13: 6336-6351.

2.	 Bilal M, Iqbal HMN (2020) Biologically active macromolecules: Ex-
traction strategies, therapeutic potential and biomedical perspective. 
Int J Biol Macromol 151: 1-18.

3.	 Simat V, Elabed N, Kulawik P, Ceylan Z, Jamroz E, et al. (2020) Recent 
Advances in Marine-based Nutraceuticals and their Health Benefits. Mar 
Drugs 18(12): 627.

4.	 Mateos R, Pérez-Correa JR, Domínguez H (2020) Bioactive properties of 
marine phenolics. Mar Drugs 18(10): 501. 

5.	 Ande MP, Syamala K, Srinivasa Rao P, Murali Mohan K (2016) Nutraceu-
ticals. Mar Omi Princ Appl, pp. 329-345.

6.	 Nalini S, Richard DS, Mohammed Riyaz SU, Kavitha G, Inbakandan, D 
(2018) Antibacterial macro molecules from marine organisms. Int J Biol 
Macromol 115: 696-710.

7.	 Gupta C, Prakash D (2020) Nutraceuticals from microbes of marine 
sources. Nutraceuticals-Past, Present and Future, Intechopen Book Se-
ries, UK.

8.	 Aranaz I, Mengibar M, Harris R, Panos I, Miralles B, et al. (2009) Func-
tional characterization of chitin and chitosan. Curr Chem Biol 3(2): 203-
230.

9.	 Ngo DH, Vo TS, Ngo DN, Kang KH, Je JY, et al. (2015) Biological effects of 
chitosan and its derivatives. Food Hydrocoll 51: 200-216.

10.	Ma Z, Garrido-Maestu A, Jeong KC (2017) Application mode of action, 
and in vivo activity of chitosan and its micro-and nanoparticles as anti-
microbial agents: A review. Carbohydr Polym 176: 257-265.

11.	Ahmad SI, Ahmad R, Khan MS, Kant R, Shahid S, et al. (2020) Chitin and 
Its derivatives: structural properties and biomedical applications. Int J 
Biol Macromol 164: 526-539.

12.	Hamed AA, Abdelhamid IA, Saad GR, Elkady NA, Elsabee MZ (2020) Syn-
thesis, characterization and antimicrobial activity of a novel chitosan 
schiff bases based on heterocyclic moieties. Int J Biol Macromol 153: 
492-501.

13.	Bakshi PS, Selvakumar D, Kadirvelu K, Kumar NS (2018) Comparative 
study on antimicrobial activity and biocompatibility of N-selective chi-
tosan derivatives. React Funct Polym 124: 149-155.

14.	Salama HE, Abdel Aziz MS, Sabaa MW (2019) Development of antibacte-
rial carboxymethyl cellulose/chitosan biguanidine hydrochloride edible 
films activated with frankincense essential oil. Int J Biol Macromol 139: 
1162-1167.

15.	Muanprasat C, Chatsudthipong V (2017) Chitosan oligosaccharide: Bio-
logical activities and potential therapeutic applications. Pharmacol Ther 
170: 80-97. 

16.	Vo TS, Kong CS, Kim SK (2011) Inhibitory effects of chitooligosaccha-
rides on degranulation and cytokine generation in rat basophilic leuke-
mia RBL-2H3 cells. Carbohydr Polym 84(1): 649-655.

17.	Chung MJ, Park JK, Park YI (2012) Anti-inflammatory effects of low-mo-
lecular weight chitosan oligosaccharides in IgE-antigen complex-stimu-
lated RBL-2H3 cells and asthma model mice. Int Immunopharmacol 12: 
453-459.

18.	Hu X, Tao N, Wang X, Xiao J, Wang M (2016) Marine-derived bioactive 
compounds with anti-obesity effect: A review. J Funct Foods 21: 372-
387.

https://pubmed.ncbi.nlm.nih.gov/26473889/
https://pubmed.ncbi.nlm.nih.gov/26473889/
https://pubmed.ncbi.nlm.nih.gov/26473889/
https://pubmed.ncbi.nlm.nih.gov/32035954/
https://pubmed.ncbi.nlm.nih.gov/32035954/
https://pubmed.ncbi.nlm.nih.gov/32035954/
https://pubmed.ncbi.nlm.nih.gov/33317025/
https://pubmed.ncbi.nlm.nih.gov/33317025/
https://pubmed.ncbi.nlm.nih.gov/33317025/
https://pubmed.ncbi.nlm.nih.gov/33007997/
https://pubmed.ncbi.nlm.nih.gov/33007997/
https://pubmed.ncbi.nlm.nih.gov/29702164/
https://pubmed.ncbi.nlm.nih.gov/29702164/
https://pubmed.ncbi.nlm.nih.gov/29702164/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15002246
https://www.sciencedirect.com/science/article/abs/pii/S0268005X15002246
https://www.sciencedirect.com/science/article/abs/pii/S014486171730958X
https://www.sciencedirect.com/science/article/abs/pii/S014486171730958X
https://www.sciencedirect.com/science/article/abs/pii/S014486171730958X
https://pubmed.ncbi.nlm.nih.gov/32682975/
https://pubmed.ncbi.nlm.nih.gov/32682975/
https://pubmed.ncbi.nlm.nih.gov/32682975/
https://pubmed.ncbi.nlm.nih.gov/32112843/
https://pubmed.ncbi.nlm.nih.gov/32112843/
https://pubmed.ncbi.nlm.nih.gov/32112843/
https://pubmed.ncbi.nlm.nih.gov/32112843/
https://pubmed.ncbi.nlm.nih.gov/31415850/
https://pubmed.ncbi.nlm.nih.gov/31415850/
https://pubmed.ncbi.nlm.nih.gov/31415850/
https://pubmed.ncbi.nlm.nih.gov/31415850/
https://pubmed.ncbi.nlm.nih.gov/27773783/
https://pubmed.ncbi.nlm.nih.gov/27773783/
https://pubmed.ncbi.nlm.nih.gov/27773783/
https://www.sciencedirect.com/science/article/abs/pii/S0144861710010337
https://www.sciencedirect.com/science/article/abs/pii/S0144861710010337
https://www.sciencedirect.com/science/article/abs/pii/S0144861710010337
https://pubmed.ncbi.nlm.nih.gov/22266066/
https://pubmed.ncbi.nlm.nih.gov/22266066/
https://pubmed.ncbi.nlm.nih.gov/22266066/
https://pubmed.ncbi.nlm.nih.gov/22266066/
https://www.sciencedirect.com/science/article/abs/pii/S1756464615006003
https://www.sciencedirect.com/science/article/abs/pii/S1756464615006003
https://www.sciencedirect.com/science/article/abs/pii/S1756464615006003


5

Examines Mar Biol Oceanogr  Copyright © Patra DD

EIMBO.MS.ID.000591. 4(4).2021

19.	Chiu CY, Chang TC, Liu SH, Chiang MT (2017) The regulatory effects of 
fish oil and chitosan on hepatic lipogenic signals in high-fat diet-induced 
obese rats. J Food Drug Anal 25(4): 919-930.

20.	Inanli AG, Tümerkan ETA, El Abed N, Regenstein JM, Özogul F (2020) 
The impact of chitosan on seafood quality and human health: A Review. 
Trends Food Sci Technol 97: 404-416. 

21.	Anraku M, Gebicki JM, Iohara D, Tomida H, Uekama K, et al. (2018) An-
tioxidant activities of chitosans and Its derivatives in in vitro and in vivo 
studies. Carbohydr Polym 199: 141-149.

22.	Azuma K, Ifuku S, Osaki T, Okamoto Y, Minami S (2014) Preparation and 
biomedical applications of chitin and chitosan nanofibers. J Biomed Nan-
otechnol 10(10): 2891-2920.

23.	Bondiolotti G, Bareggi SR, Frega NG, Strabioli S, Cornelli U (2007) Activ-
ity of two different polyglucosamines, L112 and FF45, on body weight in 
male rats. Eur J Pharmacol 567(1-2): 155-158. 

24.	Kaats GR, Michalek JE, Preuss HG (2006) Evaluating efficacy of a chi-
tosan product using a double-blinded, placebo-controlled protocol. J Am 
Coll Nutr 25(5): 389-394.

25.	Sayari N, Sila A, Abdelmalek BE, Abdallah RB, Ellouz-Chaabouni S, et al. 
(2016) Chitin and chitosan from the Norway lobster by-products: Anti-
microbial and anti-proliferative activities. Int J Biol Macromol 87: 163-
171.

26.	Lai G, Yang L, Guoying L (2008) Effect of concentration and tempera-
ture on the rheological behavior of collagen solution. Int J Biol Macromol 
42(3): 285-291.

27.	Noitup P, Garnjanagoonchorn W, Morrissey MT (2005) Fish Skin Type I 
Collagen. J Aquat Food Prod Technol 14(1): 17-28.

28.	Gomez-Guillen MC, Turnay J, Fernandez-Dıaz MD, Olmo N, Lizarbe MA, 
et al. (2002) Structural and physical properties of gelatin extracted from 
different marine especies: A comparative study. Food Hydrocoll 16(1): 
25-34.

29.	Nicholson JP, Wolmarans MR, Park GR (2000) The role of albumin in crit-
ical illness. Br J Anaesth 85(4): 599-610.

30.	Thakur M (2020) Marine bioactive components: Sources, health bene-
fits, and future prospects. In: Technological Processes for Marine Foods-
from Water to Fork: Bioactive Compounds, Industrial Applications and 
Genomics; Apple Academic Press, New York, USA, pp. 61-72.

31.	Sanjeewa KKA, Kang N, Ahn G, Jee Y, Kim YT, et al. (2018) Bioactive po-
tentials of sulfated polysaccharides isolated from brown seaweed sar-
gassum spp in related to human health applications: A review. Food Hy-
drocoll 81: 200-208.

32.	Vlieghe P, Clerc T, Pannecouque C, Witvrouw M, DeClercq E, et al. (2002) 
Synthesis of new covalently bound kappa-carrageenan-AZT conjugates 
with improved anti-HIV activities. J Med Chem 45(6): 1275-1283.

33.	Freile-Pelegrín Y, Murano E (2005) Agars from three species of gracilaria 
(Rhodophyta) from Yucatán peninsula. Bioresour Technol 96: 295-302.

34.	Berteau O, Mulloy B (2003) Sulfated fucans, fresh perspectives: Struc-
tures, functions, and biological properties of sulfated fucans and an 
overview of enzymes active toward this class of polysaccharide. Glycobi-
ology 13(6): 29R-40R.

35.	Ermakova S, Sokolova R, Kim SM, Um BH, Isakov V, et al. (2011) Fucoid-
ans from brown seaweeds sargassum hornery, eclonia cava, costaria 
costata: Structural characteristics and anticancer activity. Appl Biochem 
Biotechnol 164(6): 841-850.

36.	Draget KI, Taylor C (2011) Chemical, physical and biological properties 
of alginates and their biomedical implications. Food Hydrocoll 25(2): 
251-256. 

37.	Emerton V, Choi E (2008) Essential guide to food additives, Royal Society 
of Chemistry, Cambridge, UK.

38.	Adrian G, Mihai M, Vodnar DC (2019) The use of chitosan, alginate, and 
pectin in the biomedical and food sector-Biocompatibility, bio-adhesive-
ness, and biodegradability. Polymers (Basel) 11(11): 1837.

39.	Andryukov BG, Besednova NN, Kuznetsova TA, Zaporozhets TS, Erma-
kova SP, et al. (2020) Sulfated polysaccharides from marine algae as a 
basis of modern biotechnologies for creating wound dressings: Current 
achievements and future prospects. Biomedicines 8(9): 301. 

40.	Qureshi D, Nayak SK, Maji S, Kim D, Banerjee I, et al. (2019) Carrageenan: 
A wonder polymer from marine algae for potential drug delivery appli-
cations. Curr Pharm Des 25(11): 1172-1186. 

41.	Yegappan R, Selvaprithiviraj V, Amirthalingam S, Jayakumar R (2018) 
Carrageenan based hydrogels for drug delivery, tissue engineering and 
wound healing. Carbohydr Polym 198: 385-400.

42.	Qureshi D, Nayak SK, Maji S, Kim D, Banerjee I, et al. (2019) Carrageenan: 
A wonder polymer from marine algae for potential drug delivery appli-
cations. Curr Pharm Des 25(11): 1172-1186. 

43.	Aguirre-Joya JA, Chacón-Garza LE, Valdivia-Najár G, Arredondo-Valdés R, 
Castro-López C, et al. (2020) Nanosystems of plant-based pigments and 
its relationship with oxidative stress. Food Chem Toxicol 143: 11143.

44.	Pangestuti R, Kim SK (2011) Biological activities and health benefit ef-
fects of natural pigments derived from marine algae. J Funct Foods 3(4): 
255-266. 

45.	Arct J, Pytkowska K (2008) Flavonoids as components of biologically ac-
tive cosmeceuticals. Clin Dermatol 26(4): 347-357.

46.	Maeda H, Sakuragi Y, Bryant DA, Dellapenna D (2005) Tocopherols pro-
tect Synechocystis sp. strain PCC 6803 from lipid peroxidation. Plant 
Physiol 138(3): 1422-1435.

47.	Bhattacharya S, Shivaprakash MK (2005) Evaluation of three spirulina 
species grown under similar conditions for their growth and biochemi-
cals. J Sci Food Agric 85(2): 333-336.

48.	Naczk M, Shahidi F (2004) Phenolics in food and nutraceuticals, CRC 
Press, Florida, USA.

49.	Shahidi F, Janak Kamil YVA (2001) Enzymes from fish and aquatic in-
vertebrates and their application in the food industry. Trends Food Sc 
Technol 12(12): 435-464.

50.	Pangestuti R, Kim SK (2005) Neuroprotective effects of marine algae. 
Mar Drugs 9(5): 803-818. 

51.	Gómez-Guzmán M, Rodríguez-Nogales A, Algieri F, Gálvez J (2018) Po-
tential role of seaweed polyphenols in cardiovascular-associated disor-
ders. Mar Drugs 16(8): 250.

52.	Nwosu F, Morris J, Lund VA, Stewart D, Ross HA, et al. (2011) Anti-prolif-
erative and potential anti-diabetic effects of phenolic-rich extracts from 
edible marine algae. Food Chem 126(3): 1006-1012.

53.	Chen T, Embree HD, Brown EM, Taylor MM, Payne GF (2003) En-
zyme-catalyzed gel formation of gelatin and chitosan: Potential for in 
situ applications. Biomaterials 24(17): 2831-2841.

54.	Parr RM, Aras NK, Iyengar GV(2006) Dietary intakes of essential trace 
elements: Results from total diet studies supported by the IAEA. J Radio-
anal Nucl Chem 270: 155-161.

55.	Sijtsma L, De Swaaf ME (2004) Biotechnological production and appli-
cations of the omega-3 polyunsaturated fatty acid docosahexaenoic acid. 
Appl Microbiol Biotechnol 64(2): 146-153.

For possible submissions Click below: 

Submit Article

https://pubmed.ncbi.nlm.nih.gov/28987369/
https://pubmed.ncbi.nlm.nih.gov/28987369/
https://pubmed.ncbi.nlm.nih.gov/28987369/
https://www.sciencedirect.com/science/article/abs/pii/S0924224419303000
https://www.sciencedirect.com/science/article/abs/pii/S0924224419303000
https://www.sciencedirect.com/science/article/abs/pii/S0924224419303000
https://pubmed.ncbi.nlm.nih.gov/30143114/
https://pubmed.ncbi.nlm.nih.gov/30143114/
https://pubmed.ncbi.nlm.nih.gov/30143114/
https://pubmed.ncbi.nlm.nih.gov/25992423/
https://pubmed.ncbi.nlm.nih.gov/25992423/
https://pubmed.ncbi.nlm.nih.gov/25992423/
https://pubmed.ncbi.nlm.nih.gov/17482159/
https://pubmed.ncbi.nlm.nih.gov/17482159/
https://pubmed.ncbi.nlm.nih.gov/17482159/
https://pubmed.ncbi.nlm.nih.gov/17031007/
https://pubmed.ncbi.nlm.nih.gov/17031007/
https://pubmed.ncbi.nlm.nih.gov/17031007/
https://pubmed.ncbi.nlm.nih.gov/26920243/
https://pubmed.ncbi.nlm.nih.gov/26920243/
https://pubmed.ncbi.nlm.nih.gov/26920243/
https://pubmed.ncbi.nlm.nih.gov/26920243/
https://pubmed.ncbi.nlm.nih.gov/18275999/
https://pubmed.ncbi.nlm.nih.gov/18275999/
https://pubmed.ncbi.nlm.nih.gov/18275999/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X01000352?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0268005X01000352?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0268005X01000352?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0268005X01000352?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/11064620/
https://pubmed.ncbi.nlm.nih.gov/11064620/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302849
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302849
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302849
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302849
https://pubmed.ncbi.nlm.nih.gov/11881996/
https://pubmed.ncbi.nlm.nih.gov/11881996/
https://pubmed.ncbi.nlm.nih.gov/11881996/
https://pubmed.ncbi.nlm.nih.gov/15474929/
https://pubmed.ncbi.nlm.nih.gov/15474929/
https://pubmed.ncbi.nlm.nih.gov/12626402/
https://pubmed.ncbi.nlm.nih.gov/12626402/
https://pubmed.ncbi.nlm.nih.gov/12626402/
https://pubmed.ncbi.nlm.nih.gov/12626402/
https://pubmed.ncbi.nlm.nih.gov/21302149/
https://pubmed.ncbi.nlm.nih.gov/21302149/
https://pubmed.ncbi.nlm.nih.gov/21302149/
https://pubmed.ncbi.nlm.nih.gov/21302149/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X09002112
https://www.sciencedirect.com/science/article/abs/pii/S0268005X09002112
https://www.sciencedirect.com/science/article/abs/pii/S0268005X09002112
https://pubmed.ncbi.nlm.nih.gov/31717269/
https://pubmed.ncbi.nlm.nih.gov/31717269/
https://pubmed.ncbi.nlm.nih.gov/31717269/
https://pubmed.ncbi.nlm.nih.gov/32842682/
https://pubmed.ncbi.nlm.nih.gov/32842682/
https://pubmed.ncbi.nlm.nih.gov/32842682/
https://pubmed.ncbi.nlm.nih.gov/32842682/
https://pubmed.ncbi.nlm.nih.gov/31465278/
https://pubmed.ncbi.nlm.nih.gov/31465278/
https://pubmed.ncbi.nlm.nih.gov/31465278/
https://www.sciencedirect.com/science/article/abs/pii/S0144861718307410
https://www.sciencedirect.com/science/article/abs/pii/S0144861718307410
https://www.sciencedirect.com/science/article/abs/pii/S0144861718307410
https://www.eurekaselect.com/171855/article
https://www.eurekaselect.com/171855/article
https://www.eurekaselect.com/171855/article
https://pubmed.ncbi.nlm.nih.gov/32569796/
https://pubmed.ncbi.nlm.nih.gov/32569796/
https://pubmed.ncbi.nlm.nih.gov/32569796/
https://www.sciencedirect.com/science/article/pii/S1756464611000703
https://www.sciencedirect.com/science/article/pii/S1756464611000703
https://www.sciencedirect.com/science/article/pii/S1756464611000703
https://pubmed.ncbi.nlm.nih.gov/18691514/
https://pubmed.ncbi.nlm.nih.gov/18691514/
https://pubmed.ncbi.nlm.nih.gov/15965015/
https://pubmed.ncbi.nlm.nih.gov/15965015/
https://pubmed.ncbi.nlm.nih.gov/15965015/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1998
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1998
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.1998
https://www.sciencedirect.com/science/article/abs/pii/S0924224402000213
https://www.sciencedirect.com/science/article/abs/pii/S0924224402000213
https://www.sciencedirect.com/science/article/abs/pii/S0924224402000213
https://pubmed.ncbi.nlm.nih.gov/21673890/
https://pubmed.ncbi.nlm.nih.gov/21673890/
https://pubmed.ncbi.nlm.nih.gov/30060542/
https://pubmed.ncbi.nlm.nih.gov/30060542/
https://pubmed.ncbi.nlm.nih.gov/30060542/
https://www.sciencedirect.com/science/article/abs/pii/S0308814610015293
https://www.sciencedirect.com/science/article/abs/pii/S0308814610015293
https://www.sciencedirect.com/science/article/abs/pii/S0308814610015293
https://link.springer.com/article/10.1007%2Fs10967-006-0323-2
https://link.springer.com/article/10.1007%2Fs10967-006-0323-2
https://link.springer.com/article/10.1007%2Fs10967-006-0323-2
https://pubmed.ncbi.nlm.nih.gov/14740186/
https://pubmed.ncbi.nlm.nih.gov/14740186/
https://pubmed.ncbi.nlm.nih.gov/14740186/
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Light Fishing in Indonesia
	References

