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The oxidative stress in the body of an organism whether plant or animal leads to the production of several reactive oxygen 

and reactive nitrogen species abbreviated as ROS and RNS respectively. Algae, because of the presence of various 

biochemical compounds can act as a potent antioxidative agent and can thrive against the stressful conditions produced due 

to the oxidative stress. These secondary metabolites are high value compounds which can be efficiently used in the field of 

aquaculture as feed for different fishes. Thus in this review we have discussed the various compounds isolated from algae 

which allows the algal life to thrive in high oxidative stress as well as we have discussed different potential algal genera being 

used as feed for different fishes. 
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INTRODUCTION 

 

The imbalance between the pro-oxidants and the antioxidants 

leads to the production of several reactive oxygen species 

commonly called as ROS. These reactive oxygen species are 
mainly hydroxyl group (OH-), superoxide anion (O2-), hydrogen 

peroxide (H2O2) and proxy radicals. These reactive oxygen 

species in low concentration generally bring about minor 

changes in the normal cellular redox status, immune function 

and intracellular functioning of a particular organism. But high 

concentration of reactive oxygen species leads to the 

peroxidation of lipids, damages protein and DNA and gets 

involved with the cellular function leading to cell death by 

necrosis and cellular apoptosis. Along with damage of the 

cellular components, ROS also plays an active role in regulation 
of signal transduction system, gene expression, activation of 

receptors and nuclear transcription factors. Algae are exposed to 

a combination of diverse environmental conditions which often 

may act as stress and lead to the production of different free 

radicals. Thereby, their elements of the photosynthetic apparatus 

are also being exposed to photodynamic damage regularly, 

because the major constituent of the thylakoid membrane is 

polyunsaturated fatty acids. But the absence of damage to algae 

in spite of being in proximity to the ROS suggests that these 
cells have protective ant oxidative mechanisms and compounds 

which provide them shelter from harmful activity of ROS [1]. 
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The protective compounds present in algae are majorly 
polysaccharides, fattyacids, tannins, pigments, proteins and 
vitamins. The phlorotannins (compounds with polymerized 
phloroglucinol units) are also noteworthy antioxidants present in 
algae especially in Phaeophyceae. They find profound usage in 
broad therapeutic perspectives, such as anti-diabetes, 
antioxidation, radiation protection, anti-cancer, anti-HIV as well 
as anti-allergic activities. Other than polyphenols algae are also 
rich in peptides which are gaining interest because of their 
potent antioxdative nature. Thus these algal peptides can be 
easily implemented as alternative antioxidative supplements [2]. 
Algae are also rich in phytophenolic compounds and pigments. 
The Rhodophyta (red algae) are a distinct eukaryotic lineage, 
which are rich in accessory photosynthetic pigments such as 
phycoerythrin, phycocyanin and allophycocyanins arranged in 
phycobilisomes. They are also efficient antioxidants. Thus as 
algae, have been documented to be rich sources of various 
bioactive compounds they can easily and safely be incorporated 
in various biomedical fields and food industry. In animal system 
the ROS bring about oxidative modification of DNA and 
proteins and other cellular molecules leading to the development 
of various ranges of common diseases such as cardiovascular 
disease, atherosclerosis, diabetes mellitus inflammatory 
conditions, and neurodegenerative disease such as Alzheimer’s 
disease, Parkinson's disease and immune dysfunction. 
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Mutations and  cancer and age related degenerative disease. Thus 
to stop the damage causing activity of ROS an efficient 
antioxidant is required. The use of synthetic antioxidants has 
decreased nowadays because studies have shown that synthetic 

antioxidants act as promoters of carcinogenesis furthermore 
people today reject to use synthetic food additives frequently. 
Thus these findings along with the general interest have promoted 
the need for finding out new alternative antioxidants from natural 
sources. Sea weeds have found their usage since many years in the 
folk medicine for variety of remedial purposes [3].  
 

Microalgae also play an important role as feed ingredients for 
fishes, because of their nutritive properties, vibrant pigment 
profiles and a high content of bioactive compounds with 
cytostatic, antiviral, anthelmintic, antifungal and antibacterial 
activities as detected  in green, brown and red algae. Aquaculture 
or rearing of aquatic organisms under controlled conditions for 
commercial purposes date back to 6000 BC. The concept was first 
developed by Gunditjmara people of Victoria, Australia where 

they first converted volcanic floodplains in the vicinity of Lake 
Condah into complex of channels and dams for capturing eel fish 
for consumption. Today, almost 50% of the world’s trade comes 
from the aquaculture based industry. Fish culture in India is very 
popular and extensive. Along with the countries consumption, 
these fishes also enter the world market as a form of export. 
Intensive aquaculture is highly dependent on fish oil and fish meal 

as feed ingredients. Fish meal stands to be essential dietary 
sources of protein, amino acids, and fatty acids.  To avoid different 
constrains in this field the usage of algae as a potent feed has 
found different openings. Several studies have revealed that 
different algae are being commonly used in the field of 
aquaculture as different fish feed. are Chlorella, Dunaliella, 
Haematococcus, Ulva, Enteromorpha, Laminaria, Porphyra, 

Sargassum, Gracillaria and many more [4].  
 
This review deals with the different antioxidant contents of 
different algae and the use of different algae with high antioxidant 
properties in the field of aquaculture. 
 

Compounds responsible for antioxidative property in algae 
 
In recent years, functional foods have been noticed to gain more 
interest because of their ability to provide physiological benefits in 

addition to nutritional and energetic, as, for instance, 
antihypertensive, antioxidant or anti-inflammatory actions. A 
functional food can be defined as a food that benefits in one or 
more physiological functions, increases the welfare and/or 
decreases the risk of suffering from a particular disease. Along 
with the functional food the most upcoming field in the recent 
years are the nutraceutical aspects of natural products. People 

today are more interested or rather prefer natural products both as 
functional food as well as nutraceuticals. Today the natural 
sources which are being widely exploited for these purposes are 
plants, food by-products, fungi and algae. Algae nowadays have 
become a hot topic of discussion because of their high content of 
biochemical parameters such as polyunsaturated fatty acids, b-
carotene and other pigments (antioxidants), sulphated 

polysaccharides (antiviral), and sterols (antimicrobials) [5]. 
 

        Several studies have shown that algae have developed an efficient 
defense system that helps them to survive under environmentally 
adverse conditions during evolution. This property has developed 
in algae due to the compounds present such as tannins, peptides, 
pheophytins polysaccharides and other pigments. 

 
 

 Tannins are phenolic compounds that show antioxidant activity 
due to their high redox properties, which play an important role in 
absorbing and neutralizing free radicals thereby quenching singlet 
and triplet oxygen or decomposing peroxides. Studies shown that 

enzymatic hydrolysate from brown alga, Ecklonia cava collected 
from Jeju Island coast of Korea to have a high antiproliferative and 
antioxidative action. This algal enzymatic hydrolysates had 
efficient antioxidative action  against the DPPH reagent as well as 
superoxide anions, hydrogen peroxides, hydroxyl radicals which 
act  as the precursors of the singlet oxygen species, thereby  
indirectly inhibiting lipid peroxidation. This property was 

attributed to the algae by the various polyphenolic as well as 
polysachharide compounds present in it. The crude polysaccharide 
and crude polyphenolic fractions of the alga showed antioxidative 
action. Different studies have shown that in E. cava. it is the 
polyphenolic compounds including phlorotannins which remains 
to be majorly responsible for thriving against various oxidative 
stress and damages in algae. 

 

Polyphenols have also been found to be widely present in 
different algae such as Sargassum swartzii, Cystoseira myrica, 
Colpomenia sinuosa. Algal polyphenolic compounds apart 
from acting as a good antioxidant in various cell lines also 
show effective activity in delaying fish oil rancidity. This was 
first shown by Yan in 1996, where Phlorotannin isolated from 
Sargassum  kjellmanianum could also protect fish oil from 

rancidity. This is due to the fact that polyphenols easily transfer 
a hydrogen atom to lipid peroxyl cycle and form the aryloxyl, 
which being incapable of acting as a chain carrier, couples with 
another radical thus quenching the radical process [6].  
 
Apart from the polyphenols the pigments also play a major role 
in antioxidative property of algae. Microalgae are rich sources 

of pigments comprising of mainly two main types of 
chlorophyll, chlorophyll a and chlorophyll, β-carotene, 
astaxanthin and lutein which are considered to be most  
important forms of 600 naturally occurring carotenoid for their 
potential applications in food additives for human nutrition, 
nutraceuticals, nutritional supplements. Carotenoids are the 
only group of biologically active compounds, that possess 

antibacterial, antiviral, antifungal, antioxidative, anti-
inflammatory, and antitumor properties. Several algal species 
such as Haematococcus pluvialis, Dunaliella salina, Chlorella 
sps, Scenedesmus sps, Spirulina platensis, Botryococcus 
braunii, and Diatoms have gained world wide fame  in the 
commercial  production of b-carotene, lutein, canthaxanthin, 
astaxanthin, and fucoxanthin [7]. 
 

The algal pigments such as astaxanthin also plays a very 
important role as free radical scavenger in algae such as 
Haematococcus pluvialis. Research work has shown that the 
same mechanism also occurs in Dunaliella bardawil. 
Carotenoids such as astaxanthin act as  scavenger of  several 
active oxygen species such as free oxygen radical, hydrogen 
peroxide, peroxy radicals and hydroxyl radicals (HO•) both in 

vitro and in vivo. Thus, astaxanthin, provides protection to the 
cytoplasm and lipid membranes. Therefore,this particular 
carotenoid is now being utilized as a pigment source in 
pisciculture  and is also being investigated for medical 
applications because it is more antioxidative than b-carotene 
and vitamin E. 
 

 
 
 
 



Other than the pigments algae are also rich in polysaccharide 
also show antioxidative activity. Different studies of  
Maximum works with brown algae has been reported till date 
but only little information is available with Chlorophycean 

members.  
 

 

       ALGAE AS FISH FEED ADDITIVES 

 
Aqua farming today is also one of the most important businesses all 
over the world. Use of algal feed in fish aquaculture is well in 
practice for both edible and colored fishes for their nutritional 
constituents as well as pigment composition. Works of several 
authors have shown the usage of different algae such as 
Porphyridium, Pavlova,Chaetoceros, Gracillaria, Palmaria as 
efficient color elicitors and growth enhancers in cichlid fish, 

rainbow trout, fish larvae, bivalve mollusks, black tiger prawns and 
several gastropods. Several genera like Skeletonema, Chaetoceros, 
Thalassiosira, Tetraselmis and Isochrysis with long-chain 
polyunsaturated fatty acids are also well documented as fish feed 
ingredients or live feed. 
 
Studies have shown use of different algal genera, such as 

Isochrysis, Pavlova,Chaetoceros, Gracillaria, Palmaria, 
Haematococcus, Arthrospira, Dunaliella, Chlorella, Chlorococcum 
etc. to play important role as food ingredients for fishes as they  are 
rich sources of several bioactive compounds which help them.The 
rich contents of several pigments especially carotenoids have made 
algae popular amongst fish breeders as feed ingredients. Studies 
revealed that from the green algae Haematococcus pluvialis, β,β-

carotene and lycopene can be extracted and used as an efficient 
alternative to synthetic pigments in red porgy. 
 
 A green algae Ulva containing good vitamin,mineral and pigment 
profiles have found its usage as a potent feed ingredient for a wide 
range of fish species. Incorporation of Cladophora, Chaetomorpha, 
Pithophora, Rhizoclonium , Spirulina, Leptolyngbya etc in fish feed 
enhanced the carotenoid content as well as immunity in goldfish as 

well as catfish respectively. Several studieshave shown the usage of 
different algae such as Leptolyngbya valderiana, L. tenuis, 
Arthrospira maxima, Navicula minima, Nostoc ellipsosporum, Ulva 
, Cytoseira , Chlorella. Porphyridium, Isochrysis, Pavlova, 
Chaetoceros, Gracillaria, Palmaria, Isochrysis etc. as efficient color 
elicitors in cichlid fish, golden gourami, wag swordtail, orange 

molly pink zebra,  rainbow trout, tetras, prawns, Nile tilapia etc. 
Therefore incorporation of varied algae in the fish meal diet is cost 
effective way is a major challenge for improvement of both the 
production rate as well as their immunity. 

 

CONCLUSION 
 
Researches through years have thus shown algae to be efficient 
multitasking organisms. They not only play major role in pollution 

controlling system but also act as efficient antioxidant against 
oxidative stress management. The high biochemical contents have 
always proved algae to be the best natural resource ever to be 
found. Thus because of these properties algae would find immense 
usage in medicinal field as well as in the field of aquaculture [8]. 
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