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Abstract 

 

In human body, free radicals cause oxidative stress which is reported to be the main reason of  many life style 

human diseases. This stress induced by the imbalance of antioxidants and oxidants. Many deadly diseases induced 

by oxidative stress as it forms the root cause of several degenerative changes in the cells and tissues. Nucleic acids, 

lipids and proteins in our body are demaged by this stress, made changes to cellular functions and lead to apoptosis 

or necrosis. Antioxidants have an important role in protection human body from oxidative damages and prevention 

of many chronic diseases, for example, diabetes, cardiovascular disease, aging, even diseases related to the 

nervous system. Currently, the exploration of natural antioxidants is trends in the pharmaceutical industries 

because synthetic antioxidants are reported to cause major side effects. Antioxidants of natural origin are 

considered safe and highly effective. These substances are abundant in many medicinal herbs including algae, 

fungi, plants and animals. Among them, seaweed is believed to be a potential source of medicinal herbs capable 

of synthesizing compounds with good biological activity. Off these, macroalgae, including red, brown, and green 

macroalgae,  are considered a natural source of antioxidant components that can provide a valuable contribution 

to the innovation of pharmaceutical and industrial fields. Since algal products' antioxidant properties and nutritional 

benefits have been increasingly recognized, their properties as antioxidants require further investigative studies. 

This review provides information on various aspects of antioxidants, including algal sources containing antioxidants, 

the chemical composition of macroalgae, and antioxidant components, as well as their benefits to human health. 
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Introduction 

 

Our earth is covered by 70% oceans, 

aquatic habitats inhabited by a great variety of 

organisms. Sea creatures are essential and bring 

us many benefits, including seafood, raw 

materials, tourism, and cultural heritage. There 

are many services provided by macroalgae or 

seaweeds. They have been consumed as a 

resource of nutritional food and in traditional 

medicine for a long time (Lyu et al., 2017). 

However, until the last decades, based on 

advanced technologies, the biological properties 

of macroalgae for biotechnological purposes have 

been possible to characterize and apply widely. 

Studies showed that macroalgae are a source of 

special compounds which can be applied in 

pharmaceutical and industrial fields. In addition, 

seaweeds have non-toxic, edible, cheap, and easy 

culturing characteristics, so they are ideal 

candidates containing natural origin for replacing 

synthetic compounds (Lomartire and Gonçalves, 

2022). Seaweeds are also a natural origin of 

secondary metabolites with peculiar bioactivities 

(Rocha et al., 2018). Indeed, there is an increasing 

consumption trend of seaweed-based food since 

scientists reported the antioxidant, antimicrobial, 

and antiviral effects of seaweed metabolites. The 

seaweed potentiality can change depending on the 

algae type, harvesting period, and environmental 

conditions; thus, every seaweed species has peculiar 

compounds that can act in different ways, showing 

diverse properties (Lomartire and Gonçalves, 2022). 

 

Through the literature, macroalgae are 

considered a great source of antioxidants, 

vitamins, protein, minerals, dietary fiber, and 

essential fatty acids with low caloric value (Agregán 

et al., 2017). Many studies have shown that the 

complementarity of macroalgae in daily 

alimentation benefits digestive health and 

contributes to decreasing the incidence of 

numerous diseases like cancer, diabetes, and 

cardiovascular (Cao et al., 2016; Charoensiddhi et al., 

2017), as well as bacterial and viral infections 

(Swamy, 2011; Gheda et al., 2016). 
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Studies have demonstrated that seaweed 

extracts possess potent antioxidant properties (Al-

Araby et al., 2020; El-Sheekh et al., 2021). Seaweeds 

are a well-established source of diverse, naturally 

occurring bioactive compounds. These include 

polyphenols, vitamins, polysaccharides, peptides, 

and fatty acids, each with a unique range of 

functional properties and structures (Hayes, 2015; 

Okolie, Mason and Critchley, 2018). These bioactive 

compounds are believed to contribute to the various 

health benefits associated with seaweed 

consumption. Moreover, research has revealed that 

green, red, and brown algae contain compounds 

exhibiting a range of biological activities, including 

antioxidant properties (Vega et al., 2020). 
 

Since there is an increasing awareness of the 

benefits of seaweeds, especially the possible use 

of macroalgae as a natural source of antioxidants, 

this review focuses on the recent progress in 

investigation of different macroalgae species 

which belong to three major groups  as a source of 

antioxidants, mainly emphasizing the latter 

published data (from 2011 onwards) regarding their 

composition and properties. 
 

Macroalgae Classification  
 

Marine macroalgae, also commonly referred to 

seaweeds, are multicellular organisms exhibiting 

plant-like characteristics. They are typically found 

in coastal regions, where they adhere to rocks and 

other hard surfaces. Unlike true plants, their body 

structure lacks differentiation into distinct organs 

such as leaves, stems, and roots. It is important to 

distinguish between seaweeds and seagrasses. 

While both inhabit marine environments, 

seagrasses are flowering plants possessing a more 

complex body plan with recognizable leaves, 

stems, and root systems (Teo and Wee, 1983). 
 

Marine macroalgae or seaweeds belong to 

multicellular photosynthetic primary producers that 

play the role of a fundamental component of the 

ecosystem because they are responsible for 

providing oxygens, food resources, and shelter 

substrates for various organisms. In addition, 

seaweed lowers the acidity of the ocean and 

contributes to solving global warming (Duarte et al., 

2017;  Kim et al., 2017; Hasselström et al., 2018).  

 

Literature has described approximately 

15,000 species of seaweeds (Vuong et al., 2018). 

The most abundantly present with more than 7,000 

species is the red macroalgae, followed by brown 

macroalgae with 2030 species and green 

macroalgae with 600 species, respectively (Baweja 

et al., 2016). 

Macroalgae can be classified into three main 

groups depending on pigment and color such as 

red algae (Rhodophyta), brown algae (Ochrophyta, 

Phaeophyceae), and green algae (Chlorophyta) 

(Hamid et al., 2019; Cermeño et al., 2020).  

 

Marine algae encompass a diverse 

assemblage, and within this group, brown algae 

(Phaeophyceae) are distinguished by their 

pigmentation, which exhibits a spectrum ranging 

from yellow to dark brown (Seely et al., 1972). The 

brown seaweed color is due to pigments such as 

xanthophyll and fucoxanthin (Gupta and Abu-

Ghannam, 2011). Fucoxanthin, a carotenoid 

pigment, is particularly abundant within edible 

brown algae. Notably, it contributes more than 10% 

to the total production of carotenoids observed in 

the natural environment (Aryee et al., 2018). 

 

Red algae (Rhodophyta) contain many 

pigments, including carotenoids, chlorophyll (a and 

d), phycoerythrin, phycocyanin, and 

allophycocyanin. The color of red seaweed is due to 

the presence of pigments such as phycocyanin, 

phycoerythrin, chlorophyll a, and xanthophyll 

(Baweja et al., 2016). Their size is small, ranging 

from a few centimeters to one meter long (FAO, 

2014). 

 

Green algae (Chlorophyta) are characterized 

primarily by chlorophyll, a green lipid-soluble 

pigment commonly found in plants, algae, and 

cyanobacteria. The green seaweed color is yellow 

to green due to the presence of pigments such as 

beta-carotene, chlorophyll a and chlorophyll b, and 

xanthophylls (Gupta and Abu-Ghannam, 2011). 

Chlorophyll plays an important role in 

photosynthesis and several biological functions 

(Aryee et al., 2018). Like red macroalgae, green 

seaweed is small (FAO, 2014). 

 

The present review shows chlorophyll, 

carotenoid, and phycobiliprotein as the three main 

groups of pigments of seaweeds. Carotenoids, 

including more than 1,100 molecules, are widely 

distributed in nature (Yabuzaki, 2017). They are 

divided into two classes: xanthophylls containing 

oxygen, and carotenes, which are pure 

hydrocarbons. Carotenoids absorb energy for 

photosynthesis and protect chlorophyll from 

photodamage in photosynthetic organisms such as 

plants and algae. Carotenes, lycopene, 

fucoxanthin, astaxanthin, zeaxanthin, lutein, 

neoxanthin, and violaxanthin are the main 

carotenoids present in macroalgae. One of the most 

abundant carotenoids found in edible brown seaweed 

is fucoxanthin, which contributes over 10% of total 

carotenoid production (Aryee et al., 2018).  



  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences September 2024 Vol 29(3):340-350 

342 Antioxidant properties of macroalgae (N.T.T. Nguyen et al.)

  

Phycobiliproteins belong to a group of water-

soluble pigments, classifying three groups of 

molecules with protein structure differences: 

phycocyanins (blue pigment), allophycocyanins (light 

blue pigment), and phycoerythrins (red pigment). The 

most abundant is the latter. Most pigments have 

been used as a natural food colorant. Pigments are 

important in photosynthesis and help plants and 

algae prevent negative effects from UV radiation and 

cell damage. They also have an important role in 

several activities. Therefore, it might be possible to 

apply pigments in pharmaceuticals (Dumay et al., 

2014; Aryee et al., 2018) ). 

 

Chemical Composition of Macroalgae 
 

Many studies indicates the effectiveness of 

various dietary antioxidants, such as α-tocopherol, 

ascorbic acid, amino acids, peptides, proteins, 

carotenoids, flavonoids and other phenolic 

compounds, in enhancing the body's antioxidant 

mechanisms. Notably, the importance of naturally 

occurring peptides in biological systems is well-

established, and recent reports suggest their 

potential in developing synthetic vaccines (Appavu et 

al., 2015). 

 

Plants have been known as a rich source of 

antioxidants. Recently, the marine world have been 

widely investigated as the potent source of bioactive 

components. Particularly, seaweeds boast a diverse 

array of  such  compounds, encompassing secondary 

metabolites, dietary fiber, minerals, proteins, lipids, 

omega-3 fatty acids, essential amino acids, 

polysaccharides, and vitamins (Lee et al., 2013). 

These components provide bioactivities, including 

antioxidant, anti-inflammatory, antimicrobial, and 

anti-cancer properties exhibited by these algae (Lee 

et al., 2013). 

 

There are many factors affecting the chemical 

composition of marine macroalgae, including 

species, collection time, geographic habitat, water 

temperature, light intensity, and nutrient 

concentration in water. Many research articles have 

been evaluating the changeable component of 

macroalgae (Hentati et al., 2018) (see Table 1.). The 

study indicated that diverse seaweed genera 

determined great differences in nutrient 

concentrations such as proteins, minerals, lipids, or 

dietary fiber. It is a fact that there are huge 

distinctions in chemical components in the same 

genus of macroalgae (Cherry et al., 2019). 

 

From ancient times, seaweed was consumed 

as a whole food or ingredient in Asian areas such as 

China, Japan, and Korea as it provided nutritional 

benefits (FAO, 2020). Studies have shown that 

macroalgae are a good source of nutrients, consisting 

of bioactive compounds, phytochemicals, 

polysaccharides, fibers, -3 fatty acids, and essential 

amino acids with vitamins and minerals, such as 

calcium, potassium, sodium, and phosphorus 

(Lomartire and Gonçalves, 2022).  

 

Protein and amino acids 

 

Proteins are a major and essential component 

of human nutrition. The amount of protein is one of 

the quality parameters for food products. The protein 

quality, such as amino acids, essential amino acid 

ratio, digestibility, and bioavailability, is considered an

 

 
Table 1. Composition on % dry weight basis of different macroalgae 

 

Macroalgae Protein Fat Carbohydrate References 

Brown seaweed 

Sargassum wightii 

Sargassum tenerrimum 

Turbinaria ornata 

Chnoospora minima 

Cystoseira compressa 

 

1.482 mg.g-1 

12.42 

14.68 

11.3 

89.1 g.kg-1 

 

0.0272 g.g-1 

1.5 

3.1 

0.9 

18.3 g.kg-1 

 

0.095 mg.g-1 

23.55 

12.5 

28.5 

396.2 g.kg-1 

 

(Chakraborty and Santra, 2008) 

(Manivanna et al., 2008) 

(Parthiban et al., 2013) 

(Afonso et al., 2020) 

(Oucif et al., 2020) 

 

Red seaweed 

Gelidiella acerosa 

Gracilaria foliifera 

Hypnea valentiae 

Kappaphycus alvarezii 

Acanthophora spicifera 

 

9.18 

6.98 mg.g-1 

8.34 

18.78 

18.9 

 

3.83 

3.23 mg.g-1 

1.5 

1.09 

2.1 

 

14.34 

22.32 mg.g-1 

23.60 

2.67 

65 

 

(Chakraborty and Santra, 2008) 

(Manivanna et al., 2008) 

(Manivanna et al., 2008) 

(Rajasulochana et al., 2012) 

(Afonso et al., 2020) 

 

Green seaweed 

Ulva lactuca 

Codium tomentosum 

Ulva rigida 

Ulva lactuca 

Caulerpa racemosa 

 

8.44 g.kg-1 

6.13 

6.64 

14.7 

18.3 

 

4.36 g.kg-1 

2.53 

12.0 

0.5 

19.1 

 

35.27 g.kg-1 

20.47 

22.0 

70.1 

83.2 

 

(Chakraborty and Santra, 2008) 

(Gokulakrishnan et al., 2015) 

(Satpati and Pal, 2011) 

(Afonso et al., 2020) 

(Afonso et al., 2020) 
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important factor for human health. It is a fact that 

macroalgae can be consumed as a nutrient source in 

many developing countries (Biris-Dorhoi et al., 2020). 

Seaweeds provide a high content of proteins (17 - 

44%) (Lomartire and Gonçalves, 2022). Due to these 

high-value proteins, they can be used as a 

sustainable nutrient alternative source. 

 

The content of protein in seaweeds varies 

depending on the species. Studies have found that 

brown seaweeds contain low levels of protein ranging 

from 3-15% on a dry weight basis (DW), the protein 

level is about 9-26% DW in green seaweed, red 

seaweeds can provide a high level of protein (47% 

DW) (Fleurence et al., 2018). Through present 

reviews, one gram of the meal from seaweed with the 

highest - value protein (for example, Enteromorpha 

intestinalis, Palmaria palmata, and Vertebrata 

lanosa) provides equal to or higher amounts of all of 

the essential amino acids in comparison to corn, 

wheat, and rice. The study showed that the amount of 

lysine accounts for three to nine times higher. In 

addition, the amount of free amino acids can be 

approximately 2-14.5%. The green algae provide the 

lowest amount, while the red varieties provide the 

highest (Mæhre et al., 2014). In the aspect of 

nonessential amino acids, the green algae proteins 

have high amounts of glutamic and aspartic acids 

(that can reach 26 and 32% of the total amino acids), 

alanine, and glycine (Fleurence et al., 2018). 

 

Lipid and fatty acid 

 

Macroalgae contain a low presence of lipids 

(<4.5%) (Lomartire and Gonçalves, 2022). The 

quantity and fatty acids composition differ according 

to environmental (light intensity, seawater salinity, 

temperature) and genetic variation among species. 

Generally, it has been reported that in comparison to 

green varieties, brown species provide a higher lipid 

content (Biancarosa et al., 2018). 

  

The highest lipid content is found in 

Chlorophyta varieties, and the lowest lipid level is in 

Rhodophyta members (Kasimala et al., 2015). Red 

and brown seaweed predominantly contain 

polyunsaturated fatty acids such as 

eicosapentaenoic acid (EPA) and arachidonic acid 

(AA). In contrast, green seaweeds such as Ulva 

pertusa are rich in hexadecatetraenoic, oleic, and 

palmitic acids, and also high PUFAs levels, such as 

linoleic acid (18:2n-6) and α-linolenic acid (18:3n-3) 

(Biancarosa et al., 2018). Macroalgae are good 

sources of omega 3 and omega 6 fatty acids, which 

are reported to prevent many diseases, e.g., 

cardiovascular diseases, arthritis, and diabetes 

(Kumar et al., 2021). 

Carbohydrate  

 

From the nutritional point of view, 

carbohydrates, including mono-, oligo- and 

polysaccharides, play an essential role and are an 

irreplaceable source of energy that supports various 

functions and physical activity of the human body. 

According to literature data, macroalgae contain a 

high amount of carbohydrates (<60%); of these, the 

seaweed polysaccharide such as alginates, 

carrageenan, fucoidan, and laminarin exhibited 

biological properties including antioxidant, 

antithrombotic, anti-inflammatory, and 

neuroprotective activities (Praveen et al., 2019). 

 

Studies indicated that Chlorophyceae varieties 

provide a maximum level of carbohydrates, followed 

by Rhodophyceae and Phaeophyceae members. In 

addition, sulfated polysaccharides are one of the 

major components. The highest level was reported in 

Ascophyllum, Porphyra, and Palmaria. Kappaphycus 

alvarezii and Eucheuma spinosum have a high 

content of polysaccharides, up to 56 and 40%, 

respectively (Bouanati et al., 2020). Carrageenans 

are considered one of the main compositions of cell 

walls of red seaweeds occupying 30-70% of the dry 

weight. Ulvan is one of the main compositions of cell 

walls of green seaweeds occupying 8-29% of the dry 

weight. Alginates and fucans are regarded as one of 

the main compositions of cell walls of brown 

seaweeds occupying between 17 and 45%, and 5 to 

20% , respectively, of the dry weight. Additionally, 

brown seaweeds provide laminarin up to 35% of the 

dry weight (Vera et al., 2011). 

 

Regarding the food industry application, agar, 

alginates, and carrageenan, which are algal 

polysaccharides, are known as the most important 

and economically feasible obtained products with 

their rheological gelling and thickening properties 

(Holdt and Kraan, 2011). As mentioned in studies, 

dietary fiber is also an important constituent of algal 

polysaccharides. However, studying the total dietary 

fiber of different seaweed species is necessary 

because very little research has been shown to 

estimate dietary fiber (Kumar et al., 2021). 

 

Minerals 

 

In comparison to terrestrial plants, seaweed 

minerals are present in high levels ranging between 7 

and 38% of dry seaweed matter. Macroalgae are a 

rich source of essential minerals, including 

potassium, sodium, fluorine, calcium, iron, 

magnesium, arsenic, zinc, copper, iodine, chlorine, 

bromine, sulfur, selenium, phosphorous, manganese, 

vanadium, and cobalt (Vijay et al., 2017). The highest 

microelements in the macroalgae are potassium, 



  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences September 2024 Vol 29(3):340-350 

344 Antioxidant properties of macroalgae (N.T.T. Nguyen et al.)

  

sodium, magnesium, and calcium, presenting over 

97% of the mineral content. Other microelements 

presenting in small amounts are copper, iron, 

manganese, and zinc (from 0.001 to 0.094% of 

seaweeds' dry weight) (Biris-Dorhoi et al., 2020). 

Studies indicated that the brown macroalgae 

(Sargassum sp., Laminaria sp., and Undaria sp.) 

provide a higher level of minerals compared to red 

macroalgae (Porphyra sp. and Eucheuma sp.) (Vijay 

et al., 2017). 

 

Vitamins  

 

Macroalgae are a rich source of vitamins. 

Especially seaweed is a significant source of water-

soluble vitamins and provides vitamins A, B12, C, ß-

carotene, pantothenate, folate, riboflavin, and niacin. 

Seaweed-based products with a richness in vitamin 

B12 are considered dietary supplements for vegans 

at risk for vitamin B12 deficiency. Macroalgae are 

also rich in vitamins compared to fruits and 

vegetables. The class Phaeophyceae contains high 

amounts of water-soluble vitamins such as vitamins 

B1 (thiamine), B2 (riboflavin), B6, and nicotinic acid 

(Kasimala et al., 2015). As a result, macroalgae are 

the potential source to solve the iodine problem and 

deficiency of other minerals and vitamins. Moreover, 

these seaweed bioactivity compounds are considered 

candidates for functional food, which play an 

important role in preventing numerous harmful 

diseases (Kasimala et al., 2015). 

 

Antioxidant components of macroalgae 

 

Antioxidants are groups of chemical 

compounds that scavenge the reactive oxygen 

species such as superoxide anion (O2-), hydrogen 

peroxide (H2O2), hydroxyl radical (OH))/ reactive 

nitrogen species (NO), and free radicals which cause 

oxidative stress in the human body. Biological 

macromolecules, including DNA, proteins, and 

nucleic acid, are damaged due to oxidative stress and 

cause many diseases, such as cancer, diabetes, 

stroke, Alzheimer's, Parkinson’s, and cardiovascular 

diseases. Hence, antioxidant compounds are crucial 

to protecting health from harmful factors (Debnath et 

al., 2020). Compared to terrestrial plants, seaweeds 

provide bioactive components with potentially higher 

antioxidant properties since there are up to eight 

interconnected polyphenols rings (Debnath et al., 

2020). Macroalgae are known as a source of natural 

antioxidants, including polyphenols, polysaccharides, 

pigments of β-carotene, astaxanthin, phycocyanin, 

and phycoerythrin, and sulfated polysaccharides of 

fucoidans and heterofucans. Antioxidant components 

produced from macroalgae have a wide range of 

biological properties and benefits that are anticancer, 

antimicrobial, anti-inflammatory, and antidiabetic 

activities (Debnath et al., 2020).  

Phenolic compounds  

 

Seaweeds are a rich source of polyphenolic 

compounds with a wide range of biological properties 

such as antioxidant, anticancer, antimicrobial, anti-

inflammatory, and antidiabetic activities. 

Consequently, there are various research and 

examination for the seaweed application in food, 

cosmetics, and pharmaceutical applications. 

Experimental studies have widely explored these 

components' antioxidant properties (Debnath et al., 

2020).  

 

Recently, many studies have identified 

numerous polymeric structures in red, green, and 

brown marine algae species. Studies showed that red 

and green seaweeds contain flavonoids and phenolic 

acids as the major phenolic components 

(Gunathilake et al., 2022). Nevertheless, red 

seaweeds mainly provide bromophenols 

(halogenated phenolics), while phlorotannins 

exclusively exist in brown seaweeds. Brown 

macroalgae are a rich source of phlorotannins 

(polymerized forms of phloroglucinolonly) which have 

a size ranging from 400 to 400,000 Da. The isolation 

of these polymers and their derivatives has been 

done from Sargassum fusiforme and S. muticum 

(Debnath et al., 2020). In addition, quantification 

research reported that S. scoparium (brown 

seaweeds) aqueous extract contained a high amount 

of phenolic acids and flavonoids; 90 mg.100 g-1 dry 

weight (DW) of gallic acid followed by catechin and 

epicatechin (6 - 7 mg.100 g-1 DW) (Gunathilake et al., 

2022). Studies showed the presence of flavonoids in 

methanolic extracts of 27 Japanese macroalgae 

species (6 green, 11 brown, and 10 red macroalgae), 

revealing a significant distribution of flavonoids in red 

seaweeds compared to green and brown seaweeds. 

Hesperidin and catechol were found in all red, green, 

and brown macroalgae. Although rutin and caffeic 

acids were most prominent in red seaweeds (23,200 

- 4,000 g.g-1), they were distributed amongst all 

three groups (Gunathilake et al., 2022).  

 

Pigments  

 

Seaweed pigmentation arises from three 

distinct pigment groups: chlorophylls, carotenoids, 

and phycobiliproteins. Carotenoids, encompassing 

over 1100 diverse molecules (Yabuzaki, 2017), are 

further subdivided into xanthophylls (oxygenated) and 

carotenes (hydrocarbons). Within photosynthetic 

organisms like plants and algae, carotenoids serve a 

dual purpose: absorbing light energy for 

photosynthesis and safeguarding chlorophyll from 

photooxidative damage. Pigments in plants and algae 

exhibit diverse functions beyond photosynthesis. 

Their role in mitigating UV radiation and cellular 

damage, coupled with their known biological 
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activities, suggests potential applications in the 

pharmaceutical realm (Aryee et al., 2018; Dumay et 

al., 2014). The pigment is widely applied in food and 

beverage industries, animal feed, cosmetics, and 

pharmaceutical products. There has been a dramatic 

increase in the demand for natural food colors 

recently. The market of food colors is planned to gain 

5.12 billion dollars in 2023, and it is an expectation 

that the greatest part of this plan will be natural food 

colors (MarketsandMarkets, 2019).  

 

Carotenoids 

 

Carotenoids produced from C4 isoprenoid 

units are yellow-orange tetra-terpenoid pigments. 

They exist in plants, algae, fungi, and bacteria but are 

not synthesized in animals. Carotenoids have 

important roles in the functions of the human body 

(Nisar et al., 2015; Eggersdorfer and Wyss, 2018). 

The major carotenoids, including α-carotene, β-

carotene, lutein, and zeaxanthin, are present in most 

red macroalgae (Nisar et al., 2015). It is well known 

that the carotenoids from seaweeds show multiple 

biological properties. Pyropia yezoensis belonging to 

Bangiales (Rhodophyta), is one of East Asia's most 

economically valuable marine foods, providing many 

nutrients and health-promoting compounds. In 

Koizumi et al. (2018) indicated that α-carotene, β-

carotene, lutein, and zeaxanthin were crucial 

carotenoids in the thallus and conchocelis phases of 

P. yezoensis (Koizumi et al., 2018). In brown 

macroalgae, one of the most prevalent carotenoids is 

fucoxanthin which belongs to the xanthophyll group 

and performs several biological activities such as 

anti-obesity, antioxidant, antimicrobial, and 

anticancer activities (D’Orazio et al., 2012). Zeng et 

al. (2018), proved that the defensive effects of 

fucoxanthin and fucoxanthin prevent tributyltin-

induced oxidative stress in HepG2 cells. There was a 

significant decrease in the ROS and malondialdehyde 

(MDA) for the treatment utilizing fucoxanthinol; 

furthermore, the expression level of Bcl-2/Bax in 

tributyltin caused HepG2 cells was raised clearly by 

both fucoxanthin and fucoxanthinol (Zeng et al., 

2018). Undaria pinnatifida ethanolic extract is a rich 

source of fucoxanthin that was determined to 

improve the lipid and plasma composition in high-fat 

diet mice (Biris-Dorhoi et al., 2020). Consequently, it 

is established that fucoxanthin is considered a 

promising and upcoming antitumor and anticancer 

agent and can suppress metastatic potential (Biris-

Dorhoi et al., 2020).  

 

Chlorophylls  

 

Chlorophylls contain a central magnesium ion 

in their structure. These pigments have a functional 

role in the seaweed photosynthesis process and an 

important role in protecting the algal tissue integrity 

from oxidative stress caused by excessive UV 

radiation (Koutsaviti et al., 2018). Chlorophyll a is 

dominant in terrestrial plants and brown algae, while 

major chlorophyll b is found in green algae. In 

addition, brown algae provide a rich source of 

chlorophyll c, while red algae have a high amount of 

chlorophyll d (Pereira et al., 2014). It is established 

that chlorophyll is converted into pyro pheophytin, 

pheophytin, and pheo-phorbide in processed 

vegetable food and following ingestion by humans. 

The derivate exhibits antimutagenic and antioxidant 

effects and may have a significant role in cancer 

prevention (Holdt and Kraan, 2011).  

 

Polysaccharides  

 

Seaweed polysaccharides show noticeable 

antioxidant properties and are effectively used to 

decrease oxidation damage to the human body (Wu 

et al., 2013; Xu et al., 2017). In the research of  Xu et 

al. (2017), the water-soluble polysaccharides isolated 

from the brown seaweed Hizikia fusiformis exhibit 

free radical scavenging activities against hydroxyl 

radicals and the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

radical in vitro. In addition, they prevent oxidative 

stress in the carbon tetrachloride-caused liver injury 

model (Xu et al., 2017). Similarly, a dose-dependent 

DPPH radical scavenging effect is found in the 

polysaccharide fraction of Solieria filiformis (Sousa et 

al., 2016). In other studies,  Saccharina latissima 

containing the polysaccharides which scavenged 2,2-

azinobis-(3-ethylbenzothiazoline-6-sulfonate; ABTS) 

radicals and showed strong antioxidant reducing 

power in vitro (Jiménez-Escrig et al., 2015). 

 

Based on literature reports, sulfated 

polysaccharides are one of the major polysaccharide 

components. Additionally, Ascophyllum, Porphyra, 

and Palmaria genera provide the highest contents. 

Furthermore, Kappaphycus alvarezii and Eucheuma 

spinosum species have high-level content of 

polysaccharides, accounting for 56 and 40%, 

respectively (Bouanati et al., 2020). Fucans, 

fucoidans, carrageenans, galactans, and laminarin 

belong to sulfated polysaccharides and are a major 

component in the algae cell wall (Deniaud-Bouët et 

al., 2017). Sulfated polysaccharides have various 

biological efficacy and potent antioxidant activities. 

Therefore, they have been used in pharmaceutical 

research (Wijesekara et al., 2011). Brown seaweeds 

contain fucoidan, which is a complex sulfated 

polysaccharide. Many studies proved that fucoidan 

has a variety of beneficial biological properties. 

Fucoidan isolated from S. glaucescens exhibited 

antioxidant properties by scavenging DPPH and ABTS 

radicals (Huang et al., 2016). Purified fucoidan from 

Turbinaria conoides significantly inhibited the 
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proliferation of lung carcinoma (A549) cells 

(Alwarsamy et al., 2016). Van Weelden et al. (2019), 

found fucoidan as an effective candidate for cancer 

treatment in the future (Weelden et al., 2019). 

According to literature data, one of the main 

constituents of red algae cell walls is carrageenans, 

accounting for 30 to 75% of the dry seaweed weight. 

The main constituent of green algae cell walls is 

ulvans, accounting for 8 to 29% of the dry algal 

weight. Moreover, laminarin is present in brown 

seaweeds up to 35% of the dry seaweed weight (Vera 

et al., 2011). In East and Southeast Asia, Pyropia 

yezoensis are mainly edible red algae cultivated and 

consumed. These algal species contain porphyrin, a 

linear sulfated polysaccharide, as one of the main 

components (Ueno et al., 2019). Regarding food 

industry applicability, algal polysaccharides, including 

agar, alginates, and carrageenan, are considered the 

most important and economically feasible obtained 

products base on rheological gelling and thickening 

properties (Holdt and Kraan, 2011). 

 

Conclusion 

 

This review article gives a better 

understanding of the recent exploitation of the 

antioxidant properties of macroalgae, which is 

focused on the chemical components of macroalgae,   

and the composition of seaweed antioxidants (red 

algae, green algae, and brown algae). Further 

researchs is essential to elucidate the mechanisms 

of action of seaweed's antioxidants. This knowledge 

would pave the way for their efficacious integration 

into various pharmaceutical and other applications, 

ultimately leading to the development of sustainable 

and health-beneficial products. 

 

Acknowledgements  

 

This study is funded in part by the Vietnam 

Ministry of Education and Training (MOET), project 

number: B2024-TCT-08  

 

References 

Afonso, C., Guarda, I., Mourato, M., Martins, L.L., 

Fonseca, I., Gomes, R., Matos, J., Gomes, A., 

Bandarra, N.M. & Cardoso, C. 2020. 

Treptacantha abies-marina (S.G. Gmelin) 

Kützing: Characterization and Application as a 

Whole Food Ingredient. J. Aquatic Food Product 

Technol., 29(10): 964–980. https://doi.org/10. 

1080/10498850.2020.1826617 

Agregán, R., Munekata, P.E., Domínguez, R., Carballo, 

J., Franco, D. & Lorenzo, J.M. 2017. Proximate 

composition, phenolic content and in vitro 

antioxidant activity of aqueous extracts of the 

seaweeds Ascophyllum nodosum, Bifurcaria 

bifurcata and Fucus vesiculosus. Effect of 

addition of the extracts on the oxidative stability 

of canola oil unde. Food Res. Int., 99: 986–994. 

https://doi.org/10.1016/j.foodres.2016.11.009 

Al-Araby, S.Q., Rahman, M.A., Chowdhury, M.A.H., 

Das, R.R., Chowdhury, T.A., Hasan, C.M.M., 

Afroze, M., Hashem, M.A., Hajjar, D., Alelwani, 

W., Makki, A.A. & Haque, M.A. 2020. Padina 

tenuis (marine alga) attenuates oxidative stress 

and streptozotocin-induced type 2 diabetic 

indices in Wistar albino rats. South African J. 

Botany, 128: 87–100. https://doi.org/10.10 

16/j.sajb.2019.09.007 

Alwarsamy, M., Gooneratne, R. & Ravichandran, R. 

2016. Effect of fucoidan from Turbinaria 

conoides on human lung adenocarcinoma 

epithelial (A549) cells. Carbohydrate Polymers, 

152: 207–213. https://doi.org/10.1016/j.c 

arbpol.2016.06.112 

Appavu, R., Chesson, C.B., Koyfman, A.Y., Snook, J.D., 

Kohlhapp, F.J., Zloza, A. & Rudra, J.S. 2015. 

Enhancing the Magnitude of Antibody 

Responses through Biomaterial 

Stereochemistry. ACS Biomaterials Sci. Eng., 

1(7): 601–609. https://doi.org/10.1021/acsb 

iomaterials.5b00139 

Arvinda Swamy, M.L. 2011. Chapter 6: Marine Algal 

Sources for Treating Bacterial Diseases. In: 

Advances in Food and Nutrition Res., 1st ed. Vol. 

64. Elsevier Inc. 

Aryee, A.N., Agyei, D. & Akanbi, T.O. 2018. Recovery 

and utilization of seaweed pigments in food 

processing. Current Opinion Food Sci., 19: 113–

119. https://doi.org/10.1016/j.cofs.2018.03. 

013 

Baweja, P., Kumar, S., Sahoo, D. & Levine, I. 2016. 

Biology of seaweeds, In: Seaweed in Health and 

Disease Prevention. Academic Press, 

Cambridge, MA, USA, p:41–106. https:// 

doi.org/10.1016/B978-0-12-802772-1.00 

003-8 

Biancarosa, I., Belghit, I., Bruckner, C.G., Liland, N.S., 

Waagbø, R., Amlund, H., Heesch, S. & Lock, E. 

2018. Chemical characterization of 21 species 

of marine macroalgae common in Norwegian 

waters: benefits of and limitations to their 

potential use in food and feed. J. Sci. Food Agric., 

98(5): 2035–2042. https://doi.org/10.1002/j 

sfa.8798 



  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences September 2024 Vol 29(3):340-350 

 

Antioxidant properties of macroalgae (N.T.T. Nguyen et al.) 347 

 

Biris-Dorhoi, E.S., Michiu, D., Pop, C.R., Rotar, A.M., 

Tofana, M., Pop, O.L., Socaci, S.A. & Farcas, A.C. 

2020. Macroalgae—A sustainable source of 

chemical compounds with biological activities. 

Nutrients, 12: 1–23. https://doi.org/10.3390/n 

u12103085 

Bouanati, T., Colson, E., Moins, S., Cabrera, J.-C., 

Eeckhaut, I., Raquez, J.-M. & Gerbaux, P. 2020. 

Microwave-assisted depolymerization of 

carrageenans from Kappaphycus alvarezii and 

Eucheuma spinosum: Controlled and green 

production of oligosaccharides from the algae 

biomass. Algal Res., 51: 102054. 

https://doi.org/10.1016/j.algal.2020.102054 

Cao, J., Wang, J., Wang, S. & Xu, X. 2016. Porphyra 

Species: A Mini-Review of Its Pharmacological 

and Nutritional Properties. J. Medicinal Food., 

19(2): 111–119. https://doi.org/10.1089/jmf. 

2015.3426 

Cermeño, M., Kleekayai, T., Amigo‐Benavent, M., 

Harnedy‐Rothwell, P. & FitzGerald, R.J. 2020. 

Current knowledge on the extraction, 

purification, identification, and validation of 

bioactive peptides from seaweed. 

Electrophoresis, 41(20): 1694–1717. 

https://doi.org/10.1002/elps.202000153 

Chakraborty, S. & Santra, S.C. 2008. Biochemical 

composition of eight benthic algae collected 

from Sunderban. Indian J. Mar. Sci., 37(3): 329–

332. 

Charoensiddhi, S.;, Conlon, M.A. ., Franco, C.M.M. & 

Zhang, W. 2017. The development of seaweed-

derived bioactive compounds for use as 

prebiotics and nutraceuticals using enzyme 

technologies. Trends Food Sci. Technol., 70: 

20–33. 

Charoensiddhi, S., Conlon, M.A., Franco, C.M.M. & 

Zhang, W. 2017. The development of seaweed-

derived bioactive compounds for use as 

prebiotics and nutraceuticals using enzyme 

technologies. Trends in Food Sci. Technol., 70: 

20–33. https://doi.org/10.1016/j.tifs.2017. 

10.002 

Cherry, P., O’Hara, C., Magee, P.J., McSorley, E.M. & 

Allsopp, P.J. 2019. Risks and benefits of 

consuming edible seaweeds. Nutrition Reviews, 

77(5): 307–329. https://doi.org/10.1093/nut 

rit/nuy066 

D’Orazio, N., Gemello, E., Gammone, M., de Girolamo, 

M., Ficoneri, C. & Riccioni, G. 2012. Fucoxantin: 

A Treasure from the Sea. Mar. Drugs, 10(12): 

604–616. https://doi.org/10.3390/md10030 

604 

Debnath, T., Kim, E.K., Lee, K.G., Debnath, N.C. & 

Mathur, R. 2020. Antioxidant compounds from 

marine seaweeds and their mechanism of 

action. J. Mar. Res., 78(2): 131–148. 

https://doi.org/10.1357/002224020834016

682 

Deniaud-Bouët, E., Hardouin, K., Potin, P., Kloareg, B. 

& Hervé, C. 2017. A review about brown algal 

cell walls and fucose-containing sulfated 

polysaccharides: Cell wall context, biomedical 

properties and key research challenges. 

Carbohydrate Polymers, 175: 395–408. 

https://doi.org/10.1016/j.carbpol.2017.07.082 

Duarte, C.M., Wu, J., Xiao, X., Bruhn, A. & Krause-

Jensen, D. 2017. Can seaweed farming play a 

role in climate change mitigation and 

adaptation? Front. Mar. Sci., 4: 1–8. 

Dumay, J., Morançais, M., Munier, M., Guillard, L. C. & 

Fleurence, J. 2014. Phycoerythrins: Valuable 

Proteinic Pigments in Red Seaweeds. Elsevier: 

Amsterdam, The Netherlands, p.71. 

Eggersdorfer, M. & Wyss, A. 2018. Carotenoids in 

human nutrition and health. Archives of 

Biochem. Biophysics, 652: 18–26. https:// 

doi.org/10.1016/j.abb.2018.06.001 

El-Sheekh, M.M., El-Shenody, R.A.E.K., Bases, E.A. & 

El Shafay, S.M. 2021. Comparative assessment 

of antioxidant activity and biochemical 

composition of four seaweeds, rocky bay of Abu 

Qir in Alexandria, Egypt. Food Sci. Technol. 

(Brazil), 41: 29–40. https://doi.org/10.1590/ 

fst.06120 

FAO. 2014. Fishery and aquaculture statistics, In: 

Global Production by Production Source 1950–

2012 (Fishstat J) FAO. 

FAO. 2020. De La Pesca Y La Acuicultura. In: Food 

Agriculture Organization. Vol. 3. https:// doi.org/ 

ISBN 0000000340472 

Fleurence, J., Morançais, M. & Dumay, J. 2018. 

Seaweed proteins. In: R.Y. Yada & Ed (Eds.), In 

Proteins in Food Processing, 2nd ed. pp. 245–

262. Woodhead Publishing. 

Gheda, S.F., El-Adawi, H.I. & El-Deeb, N.M. 2016. 

Antiviral Profile of Brown and Red Seaweed 

Polysaccharides Against Hepatitis C Virus. 

Iranian J. Pharmaceutical Res., 15(3): 483–491 

Gokulakrishnan, S., Raja, K., Sattanathan, G.& 

Subramanian, J. 2015. Proximate Composition 



  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences September 2024 Vol 29(3):340-350 

348 Antioxidant properties of macroalgae (N.T.T. Nguyen et al.)

  

of Bio Potential Seaweeds from Mandapam 

South East Coast of India. Int. Letters Nat. Sci., 

45: 49–55. https://doi.org/ 10.18052/www.sci 

press.com/ilns.45.49 

Gunathilake, T., Akanbi, T.O., Suleria, H.A.R., Nalder, 

T.D., Francis, D.S. & Barrow, C.J. 2022. Seaweed 

Phenolics as Natural Antioxidants, Aquafeed 

Additives, Veterinary Treatments and Cross-

Linkers for Microencapsulation. Mar. Drugs, 

20(7): p.445. https://doi.org/10.3390/md200 

n70445 

Gupta, S. & Abu-Ghannam, N. 2011. Bioactive 

potential and possible health effects of edible 

brown seaweeds. Trends in Food Sci. & Technol., 

22(6): 315–326. https://doi.org/10.1016/j. 

tifs.2011.03.011 

Hamid, S.S., Wakayama, M., Ichihara, K., Sakurai, K., 

Ashino, Y., Kadowaki, R., Soga, T.& Tomita, M. 

2019. Metabolome profiling of various seaweed 

species discriminates between brown, red, and 

green algae. Planta, 249, 1921–1947. 

https://doi.org/10.1007/s00425-019-03134-1 

Hasselström, L., Visch, W., Gröndahl, F., Nylund, G.M. 

& Pavia, H. 2018. The impact of seaweed 

cultivation on ecosystem services - a case study 

from the west coast of Sweden. Mar. Poll. Bull., 

133, 53–64. https://doi.org/10.1016/j.marpol 

bul.2018.05.005 

Hayes, M. 2015. Seaweeds: a nutraceutical and 

health food. In: Seaweed Sustainability. pp. 

365–387. Elsevier. https://doi.org/10.1016/ 

B978-0-12-418697-2.00014-3 

Hentati, F., Delattre, C., Ursu, A.V., Desbrières, J., Le 

Cerf, D., Gardarin, C., Abdelkafi, S., Michaud, P. 

& Pierre, G. 2018. Structural characterization 

and antioxidant activity of water-soluble 

polysaccharides from the Tunisian brown 

seaweed Cystoseira compressa. Carbohydrate 

Polymers, 198: 589–600. https://doi.org/10. 

1016/j.carbpol.2018.06.098 

Holdt, S.L. & Kraan, S. 2011. Bioactive compounds in 

seaweed: Functional food applications and 

legislation. J. Appl. Phycol., 23: 543–597. 

Holdt, S.L. & Kraan, S. 2011. Bioactive compounds in 

seaweed: functional food applications and 

legislation. J. Applied Phycology, 23(3): 543–

597. https://doi.org/10.1007/s10811-010-96 

32-5 

Huang, C.-Y., Wu, S.-J., Yang, W.-N., Kuan, A.-W. & 

Chen, C.-Y. 2016. Antioxidant activities of crude 

extracts of fucoidan extracted from Sargassum 

glaucescens by a compressional-puffing-

hydrothermal extraction process. Food 

Chemistry, 197: 1121–1129. https://doi.org/ 

10.1016/j.foodchem.2015.11.100 

Jiménez-Escrig, A., Gómez-Ordóñez, E. & Rupérez, P. 

2015. Infrared characterisation, 

monosaccharide profile and antioxidant activity 

of chemical fractionated polysaccharides from 

the edible seaweed sugar Kombu (Saccharina 

latissima). Int. J. Food Sci. & Technol., 50(2): 

340–346. https://doi.org/10.1111/ijfs.12655 

Kasimala, M.B., Mebrahtu, L., Magoha, P.P. & G. 

Asgedom. 2015. A review on biochemical 

composition and nutritional aspects of 

seaweeds. Carib. J. Sci. Technol., 3: 789–797. 

Kim, J.K., Yarish, C., Hwang, E.K., Park, M. & Kim, Y. 

2017. Seaweed aquaculture: cultivation 

technologies, challenges and its ecosystem 

services. ALGAE, 32(1): 1–13. https:// 

doi.org/10.4490/algae.2017.32.3.3 

Koizumi, J., Takatani, N., Kobayashi, N., Mikami, K., 

Miyashita, K., Yamano, Y., Wada, A., Maoka, T. & 

Hosokawa, M. 2018. Carotenoid Profiling of a 

Red Seaweed Pyropia yezoensis: Insights into 

Biosynthetic Pathways in the Order Bangiales. 

Mar. Drugs, 16(11): 426. https://doi.org/10. 

3390 /md16110426 

Koutsaviti, A., Ioannou, E. & Roussis, V. 2018. 

Bioactive seaweed substances. In: Y. Quin (Ed.), 

Bioactive Seaweeds for Food Applications. 1st 

Ed., pp: 25–52. Academic Press. 

Kumar, Y., Tarafdar, A. & Badgujar, P.C. 2021. 

Seaweed as a Source of Natural Antioxidants: 

Therapeutic Activity and Food Applications. J. 

Food Quality, 2021: 1–17. https://doi.org/10. 

1155/2021/5753391 

Lee, J.-C., Hou, M.-F., Huang, H.-W., Chang, F.-R., Yeh, 

C.-C., Tang, J.-Y. & Chang, H.-W. 2013. Marine 

algal natural products with anti-oxidative, anti-

inflammatory, and anti-cancer properties. 

Cancer Cell Int., 13(1): 55. https://doi.org/10. 

1186/1475-2867-13-55 

Lomartire, S. & Gonçalves, A.M.M. 2022. An Overview 

of Potential Seaweed-Derived Bioactive 

Compounds for Pharmaceutical Applications. 

Mar. Drugs, 20(2): 141. https://doi.org/10. 

3390/md20020141 

Lyu, M., Wang, Y.F., Fan, G.W., Wang, X.Y., Xu, S. Y. & 

Zhu, Y. 2017. Balancing herbal medicine and 

functional food for prevention and treatment of 

cardiometabolic diseases through modulating 



  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences September 2024 Vol 29(3):340-350 

 

Antioxidant properties of macroalgae (N.T.T. Nguyen et al.) 349 

 

gut microbiota. Front. Microbiol., 8: p.2146. 

Mæhre, K.H. ., Malde, M.K. ., Eilertsen, K.-E. & 

Elvevoll, E.O. 2014. Characterization of protein, 

lipid and mineral contents in common 

Norwegian seaweeds and evaluation of their 

potential as food and feed. J. Sci. Food Agric., 

94: 3281–3290. 

Manivanna, K., Thirumaran, G., Devi, G.K., Hemlatha, 

A. & Ananthraman, P. 2008. Biochemical 

composition of seaweeds from Mandapam 

coastal regions along Southeast coast of India. 

American-Eurasian J. Botany, 1(2): 32–37. 

MarketsandMarkets. 2019. Food Colors Market 

worth 5.12 Billion USD by 2023. Press Release. 

https://www.marketsandmarkets. 

com/PressReleases/food-colors.asp 

Nisar, N., Li, L., Lu, S., Khin, N.C. & Pogson, B.J. 2015. 

Carotenoid Metabolism in Plants. Molecular 

Plant, 8(1): 68–82. https://doi.org/10.1016/j. 

molp.2014.12.007 

Okolie, C.L., Mason, B. & Critchley, A.T. 2018. 

Seaweeds as a Source of Proteins for Use in 

Pharmaceuticals and High‐Value Applications. 

Novel Proteins for Food, Pharmaceuticals and 

Agriculture. pp: 217–238. https://doi.org/10. 

1002/9781119385332.ch 11 

Oucif, H., Benaissa, M., Ali Mehidi, S., Prego, R., 

Aubourg, S.P. & Abi-Ayad, S.-M. E.-A. 2020. 

Chemical Composition and Nutritional Value of 

Different Seaweeds from the West Algerian 

Coast. J. Aquatic Food Product Technol., 29(1): 

90–104. https://doi.org/10.1080/10498850. 

2019.1695305 

Parthiban, C., Saranya, C., Girija, K., Hemalatha, A., 

Suresh, M. & Anantharaman, P. 2013. 

Biochemical composition of some selected 

seaweeds from Tuticorin coast. Pelagia Res. 

Library, 4(3): 362–366. 

Pereira, D.M., Valentão, P. & Andrade, P.B. 2014. 

Marine natural pigments: Chemistry, distribution 

and analysis. Dyes and Pigments, 111: 124–

134. https://doi.org/10.1016/j.dyepig.2014. 

06.011 

Praveen, M.A., Parvathy, K.R.K., Balasubramanian, P. 

& Jayabalan, R. 2019. An overview of extraction 

and purification techniques of seaweed dietary 

fibers for immunomodulation on gut microbiota. 

Trends in Food Sci. & Technol., 92: 46–64. 

https://doi.org/10.1016/j.tifs.2019.08.011 

Rajasulochana, P., Krishnamoorthy, P. & 

Dhamotharan, R. 2012. Biochemical 

investigation on red algae family of Kappahycus 

sp. J. Chemical Pharmaceutical Res., 4(10): 

4637–4641 

Rocha, D.H.A., Seca, A.M.L. & Pinto, D.C.G.A. 2018. 

Seaweed secondary metabolites in vitro and in 

vivo anticancer activity. Mar. Drugs, 16(11): 1–

27. https://doi.org/ 10.3390/md16110410 

Satpati, G. & Pal, R. 2011. Biochemical composition 

and lipid characterization of marine green alga 

Ulva rigida - a nutritional approach. J. Algal 

Biomass Utln, 2: 10–13.  

Seely, G.R., Duncan, M.J. & Vidaver, W.E. 1972. 

Preparative and analytical extraction of 

pigments from brown algae with dimethyl 

sulfoxide. Mar. Biol., 12: 184–188. 

Sousa, W.M., Silva, R.O., Bezerra, F.F., Bingana, R.D., 

Barros, F.C.N., Costa, L.E.C., Sombra, V.G., 

Soares, P.M.G., Feitosa, J.P.A., de Paula, R.C.M., 

Souza, M.H.L.P., Barbosa, A.L.R. & Freitas, A.L.P. 

2016. Sulfated polysaccharide fraction from 

marine algae Solieria filiformis : Structural 

characterization, gastroprotective and 

antioxidant effects. Carbohydrate Polymers, 

152: 140–148. https://doi.org/10.1016/j. 

carbpol.2016.06.111 

Teo, L.W. & Wee, Y.C. 1983. Seaweeds of Singapore. 

Singapore University Press. 

Van Weelden, G., Bobiński, M., Okła, K., Van Weelden, 

W.J., Romano, A. & Pijnenborg, J. M.A. 2019. 

Fucoidan Structure and Activity in Relation to 

Anti-Cancer Mechanisms. Mar. Drugs, 17(1): 32. 

https://doi.org/ 10.3390/md17010032 

Vega, J., Álvarez-Gómez, F., Güenaga, L., Figueroa, 

F.L. & Gómez-Pinchetti, J.L. 2020. Antioxidant 

activity of extracts from marine macroalgae, 

wild-collected and cultivated, in an integrated 

multi-trophic aquaculture system. Aquaculture, 

522: 735088. https://doi.org/10.1016/j.aqua 

culture.2020.735088 

Vera, Jeannette, Castro, J., Gonzalez, A. & Moenne, A. 

2011. Seaweed Polysaccharides and Derived 

Oligosaccharides Stimulate Defense Responses 

and Protection Against Pathogens in Plants. 

Mar. Drugs, 9(12): 2514–2525. https://doi. 

org/10.3390/md9 122514 

Vijay, K., Balasundari, S., Jeyashakila, R., Velayathum, 

P., Masilan, K. & Reshma, R. 2017. Proximate 

and mineral composition of brown seaweed 

from Gulf of Mannar. Int. J. Fisheries Aquatic 

Studies, 5(5): 106–112. 



  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences September 2024 Vol 29(3):340-350 

350 Antioxidant properties of macroalgae (N.T.T. Nguyen et al.)

  

Vuong, D., Kaplan, M., Lacey, H.J., Crombie, A., Lacey, 

E. & Piggott, A.M. 2018. A study of the chemical 

diversity of macroalgae from South Eastern 

Australia. Fitoterapia, 126: 53–64. 

https://doi.org/10.1016/j.fitote.2017.10.014 

Wijesekara, I., Pangestuti, R. & Kim, S.-K. 2011. 

Biological activities and potential health benefits 

of sulfated polysaccharides derived from marine 

algae. Carbohydrate Polymers, 84(1): 14–21. 

https://doi.org/10.1016/j. 

carbpol.2010.10.062 

Wu, M., Wu, Y., Qu, M., Li, W. & Yan, X. 2013. 

Evaluation of antioxidant activities of water-

soluble polysaccharides from brown alga Hizikia 

fusiformis. Int. J. Biological Macromolecules, 56: 

28–33. https://doi.org/10.1016/j.ijbiomac.20 

13.01.017 

Xu, S.-Y., Huang, X. & Cheong, K.-L. 2017. Recent 

Advances in Marine Algae Polysaccharides: 

Isolation, Structure, and Activities. Mar. Drugs, 

15(12): 388. https://doi.org/10.3390/md151 

20388 

Yabuzaki, J. 2017. Carotenoids Database: structures, 

chemical fingerprints and distribution among 

organisms. Database, 2017. https://doi.org/10 

.1093/database/bax004 

Zeng, J., Zhang, Y., Ruan, J., Yang, Z., Wang, C., Hong, 

Z. & Zuo, Z. 2018. Protective effects of 

fucoxanthin and fucoxanthinol against 

tributyltin-induced oxidative stress in HepG2 

cells. Environmental Sci. Poll. Res., 25(6): 

5582–5589. https://doi.org/10.1007/s1135 

6-017-0661-3 

 


