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Abstract 

Two marine brown macroalgae from Visakhapatnam coast were analysed for phenols. The phenol content varied in 

the two species analysed. It ranged from 0.11 to 0.84 mg/g in both the species. Padina tetrastromatica registered a higher 

content of phenol than the Sargassum vulgare. Seasonal variations in phenol distribution in both the species was also 

observed.  Higher content was observed from September 2012 to January 2013 in P. tetrastromatica and from September to 

November 2012 in S. vulgare. Lower content was observed during summer period for both the species. The environmental 

variables were correlated with the distribution of phenols. The pH of the sea water was positively correlated at P > 0.05, and 

the other variables were negatively correlated. The lowest IC50 values for DPPH radical scavenging activity was shown by 

S. vulgare.  These results suggest that both the species have shown potential as sources of natural antioxidants.     
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Introduction 

The pharmaceutical and agro food industries have 

been at the origin of great expansion in demand for 

seaweeds due to their significant applications as 

ingredients in functional foods and richness in antioxidant 

activity.  It was reported that the seaweeds are rich sources 

of bioactive compounds such as terpenoids, phlorotannins, 

fucoidans, sterols and glycolipids.  The extracts or isolated 

pure compounds from seaweeds possess a wide range of 

pharmacological properties such as anticancer, 

antibacterial, antifungal, antiviral, anti-inflammatory, 

anticoagulant, antioxidant, antimelanogenic, antiboneloss, 

hepatoproductive and neuroprotective activities 

(Chakraborty and Paul Raj, 2010; Liu et al., 2012; Kajal 

chakraborty et al., 2013).    

More than these, the seaweeds are also a wealthy 

resource of dietary iodine and fibers which can also play an  

 

immense part in enhancing food quality.  In contrast to the 

other secondary metabolites in algae, the polyphenolic 

content of brown algae is generally higher in temperate 

than in tropical areas (Steinberg, 1989). Much of the 

variation in polyphenolic concentration in algae seems to 

be correlated with taxonomy and biogeography. The 

analysis of phenolic compounds in edible seaweeds is 

reported earlier from many geographical areas (Steinberg, 

1989; Pavia and Aberg, 1996; Yoshie et al., 2000; 

Vimalabai et al., 2004; Rodriguez-Bernaldo de Quiros      

et al., 2010; Chakraborty and Paul Raj, 2010; Sarojini       

et al., 2012; Kajal chakraborty et al., 2013). The 

antioxidative properties of seaweeds also have been studied 

in several geographic regions. In the past decade the search 

for natural antioxidant compounds has gained considerable 

attention.  
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The antioxidant compounds play an important role 

against various diseases such as chronic inflammation, 

atherosclerosis, cancer and cardiovascular disorders 

(Kohen and Nyska, 2002) which explains their 

considerable commercial potential in medicine, food 

production and the cosmetic industry.  Moreover, in 

employing antioxidants from natural sources is 

considerably enhanced by consumer preference for natural 

products and concern about the potential toxic effects of 

synthetic antioxidants. Padina tetrastromatica and 

Sargassum vulgare are richly available throughout the year 

in the coast of Visakhapatnam. The phenolic contents and 

their seasonal distribution in these brown macroalgae were 

not reported so far from this coast.  So, with this as an 

objective, with an earlier perspective of other chemical 

study, these brown algae species were selected for the 

present study and to evaluate their anti oxidant activity.    

Materials and Methods 

Measurement of environmental parameters 

The environmental parameters such as temperature, 

pH, salinity and light were measured using standard 

meters. The dissolved oxygen, nitrite, phosphate and 

silicate were measured according to the standard methods 

for sea water analysis. 

Macroalgae material collection and processing 

Two brown macroalgae namely Padina 

tetrastromatica Hauck and Sargassum vulgare C. Agardh 

were collected from Visakhapatnam coast at Tenneti Park 

area. These algae were collected during February 2012 to 

January 2013 from the intertidal zone at low tide periods. 

The algae were collected carefully and washed with fresh 

water and cleaned for all the extraneous matter. They were 

shade dried, powdered, labeled and preserved for further 

analysis. 

Determination of total phenols 

1 g of macroalgae was extracted with 5 ml of 80% 

ethanol and the extracts were filtered with Whatmann no. 1 

filter paper and the residues were repeatedly extracted with 

the same solvent until they were colorless. The ethanol in 

the extracts was removed and concentrated. Total phenolic 

contents were determined with Folin-ciocalteu reagent 

(Sadasivam and Manickam, 1992) using gallic acid as a 

standard phenol compound. The concentration of total 

phenol contents was measured as milligram of Gallic acid 

equivalent (GAE in mg/g of the sample). All the 

determinations were carried out in triplicates. 

Determination of antioxidant scavenging activity 

20 g of each alga sample collected in December 

2012 was extracted with ethanol. The scavenging activity 

of DPPH free radical was measured using these crude 

extracts. An aliquot of 3 ml of 0.004% DPPH solution in 

ethanol and 0.1 ml of plant extract at various 

concentrations were mixed. The mixtures were shaken 

vigorously and allowed to reach a steady state at room 

temperature for 30 mins. Decolourisation of DPPH was 

determined by measuring the absorbance at 517 nm.  A 

control was prepared using 0.1 ml of respective vehicle in 

place of plant extract/ ascorbic acid. 

Percentage inhibition = Average control OD – Test sample 

OD/ Average control X 100 

Calculation of 50% inhibition concentration 

The optical density obtained with each concentration 

of the extracts and the ascorbic acid was plotted on a graph 

taking concentrations on X-axis and percentage inhibition 

on Y-axis. The graph was extrapolated to find the 50% 

inhibition concentration of the test sample and the ascorbic 

acid.  
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Statistical analysis 

The values of total phenols have been reported as 

means of triplicate samples.  The correlation coefficients 

were anlysed for 12 months for physical, chemical 

variables and phenols of seaweeds.  The statistical analysis 

was done using standard statistical packages. 

Results and Discussion 

Environmental variables 

                                                  , 

The pH varied from 8.2 to 9.1.  The salinity varied from 24 

to 33 PSU. The atmospheric light varied from 18.1 to 68.6 

K lux.  The dissolved oxygen of the sea water varied from 

3.6 to 6.72 mg/g. The nitrite varied from 0.10 to 4.05 mg/g, 

the phosphate from 0.10 to 1.71 mg/g and silicate varied 

from 0.13 to 23.8 mg/g during the sampling period from 

February 2012 to January 2013. 

Total phenols 

The range and mean values of total phenols of 

marine brown macroalgae studied varied between the two 

species..  Higher values for phenols were observed for P. 

tetrastromatica than the S. vulgare.  It ranged from 0.156 

to 0.840 mg/g and a mean of 0.389 mg/g in                       

P. tetrastromatica. The range was low from 0.108 to 0.347 

mg/g with a mean of 0.205 mg/g in S. vulgare. The 

monthly mean values for variations in distribution were 

plotted (Fig. 1). The distribution of phenol content varied 

in both the species of algae. In P. tetrastromatica, the 

phenols was 0.215 to 0.245 mg/g in February and March 

2012. Suddenly, it decreased to 0.163 to 0.193 mg/g in 

April and May 2012. It was 0.212 mg/g in June 2012. 

Again, the phenol content decreased from 0.156 to 0.187 

mg/g from July to August 2012.  From September to 

December 2012 there was a highest peak with values 

ranging from 0.675 to 840 mg/g. Then in January 2012 the 

height of the peak decreased to 0.430 mg/g. S. vulgare also 

showed a similar trend in distribution with slight 

modification in months. The phenol content was high with 

0.195 to 0.208 mg/g in February to March 2012.  

Suddenly, it decreased from 0.195 to 0.150 mg/g in the 

period from April to August 2012.  Then there was a peak 

from September to November 2012 with values of 0.230 to 

0.347 mg/g.  From December to January 2013 there was a 

decline in peak with a value of 0.208 mg/g.  Similar trend 

in distribution of phenol in P. tetrastromatica was also 

reported earlier by Vimalabai et al. (2004).  

The seasonal variations in total phenol content of the two 

species were given in Table 1. 

Table 1. Seasonal variation in phenol of seaweeds (mg/g 

dry wt.) 

 

Season Padina 

tetrastromatica 

Sargassum 

vulgare 

Summer* 0.204 0.174 

Rainy** 0.307 0.179 

Winter*** 0.656 0.261 

 

* summer – February to May 

** Rainy – June to September 

*** Winter - October to January 

Both the species registered high content in winter 

periods with 0.656 mg/g in P. tetrastromatica and 0.261 

mg/g in S.vulgare.  Middle values of 0.307 mg/g and 0.179 

mg/g were found in each in rainy period.  Lower content of 

0.204 mg/g and 0.174 mg/g in each species was observed 

in summer period. The total phenols reported in Sargassum 

wightii from Mandapam coast was 0.216 mg/g. The 

phenolic content reported for Padina pavonica was 2.18 

mg/g (Demirel et al., 2012).  The petroleum ether   fraction  



 

Fig. 1. Monthly variations in distribution of phenols in brown seaweeds 

 

 

 

 

 

 

 

 

 

of S.vulgare had the phenolic content 6.10 mg/g (Khaled  

et al., 2012). The phenolic content varied with ontogenic 

stage of seaweeds, field site and season (Striger et al., 

2004). The environmental variables were correlated with 

phenolic contents of P. tetrastromatica and S. vulgare 

where n = 12, df = 10.  In P. tetrastromatica the phenols 

were positively correlated with pH at P > 0.05 level.  In S, 

vulgare a positive correlation with pH at P > 0.05 and with 

phosphate at P < 0.10. The other variables and nutrients 

were negatively correlated with phenols in both the 

species.  If plant growth is limited by nutrients, phenolics 

increase (Tuomi et al., 1984). Plant phenolics tend to 

accumulate under conditions where plants have excess 

carbon above the level which can be used for growth where 

phenylalanine, the substrate of phenyl proponoid synthesis, 

accumulates due to suppressed protein synthesis. These 

internal balances imply an accumulation of phenols as a 

consequence of nitrogen deficiency supporting plant 

primary metabolism. In Fucus vesiculosus collected from 

Baltic sea, phenolic compounds correlated inversely with 

nitrogen. Higher phenolic contents were found under 

nitrogen deficiency (Dvessalo and Tuomi, 1989). Nitrogen 

availability plays a role in determining phlorotannin 

content in brown algae (Arnold et al., 1995). The 

concentration of polyphenols in seaweeds vary based on 

many variables such as habitat, seasons, harvesting, 

environmental conditions.  In addition, distribution of 

phenolic compounds varies with the species (Kumar et al., 

2008).    

Fig. 2. DPPH radical scavenging activity of Padina 

tetrastromatica 

The DPPH radical scavenging activity 

The DPPH radical scavenging activity assay 

assessed the ability of the extract to donate hydrogen or to 

scavenge free radicals. The DPPH radicle is a stable free 

radicle and when it reacts with an antioxidant compound 

which can donate hydrogen, it is reduced to diphenylpicryl 

hydrazine. The DPPH radicle scavenging activity of         

P. tetrastromatica and S. vulgare are shown in Figures 2 

and 3 respectively. The crude extract showed an increasing 

    c       100    600 μg/0.1  l  xtract. In                       
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P. tetrastromatica inhibition of 32.28% was observed at 

 00 μg/0.1  l.  A  400 μg/0.1  l  x   c         41.14%. A  

600 μg/0.1  l  x   c       n  b    n     51.0 %. But in S. 

vulgare the trend varied slightly.  A   00 μg/0.1  l  x   c  

       c n  g      n  b    n      1.9. A  400 μg/0.1  l 

extract, it was 50.8. A  600 μg/0.1  l  x   c         69.46. 

Fig. 3.  DPPH radical scavenging activity of Sargassum 

vulgare 

The inhibition concentration of IC 50 was given in 

table 2. The IC 50 value for P. tetrastromatica was 

observed at 5 4 μg/0.1  l crude extract whereas; it was at 

 89 μg/0.1  l c      x   c      S.vulgare. The variation 

might be due to intrinsic characteristics of plant 

compounds. The smaller IC 50 value corresponds to the 

higher antioxidant activity of the plant extract.  A very high 

DPPH radical scavenging activity was also reported earlier 

in Padina tetrastromatrica (Vinayak et al., 2011) and in   

S. vulgare (Khaled et al., 2012).  It has been determined 

that the antioxidant effect of plant products is mainly due 

to radical scavenging activity of phenolic compounds such 

as flavonoids, polyphenols, tannins and terpenes (Rahaman 

and Moon, 2007). The antioxidant activity of phenolic 

compounds is due to their redox properties which can play 

an important role in adsorbing and neutralizing free 

radicals, quenching singlet and triplet oxygen or 

decomposing peroxidases (Hasan et al., 2008). Over the 

past two decades an expounding bodies of evidence from 

epidemiological and laboratory studies have demonstrated 

that some edible plants as whole or their identified 

ingredients with antioxidant properties have substantial 

protective effects on human carcinogenesis.  

Table 2. Free radical scavenging activity of ethanolic 

extracts 

Seaweed Extract I 50 μg/ 0.1 l 

Padina tetrastromatica Ethanol 574 

Sargassum vulgare Ethanol 389 

 

Conclusion 

The present study reveals that the solvent fractions 

contain secondary metabolites of antioxidant potential 

attributed from its DPPH radical scavenging activity. It 

was reported that the active compounds from brown 

seaweeds with antioxidative properties are phlorotannins 

and fucoxanthin. The antioxidant activity exhibited in the 

present study may be mainly due to the presence of such 

compounds or any other potential antioxidants with centres 

of unsaturation present in them. An understanding of 

seasonal changes in phenols is necessary to find out the 

period of maximum production to be effectively used in the 

field of medicine. The study indicated that the potential use 

of P. tetrastromatica and S. vulgare as candidate species to 

be used as food supplements for human consumption as 

neutraceutical products to deter deleterious free radicals 

induced life threatening diseases. 

Acknowledgements 

The first author gratefully acknowledges the 

University Grants Commission, New Delhi, for awarding 

Post Doctoral Fellow. We also express our thanks to our 

colleagues S.A. Rao and P.S. Rao for their technical help. 

We are grateful to Prof. B. Ganga Rao, Department of 

Pharmacy, Andhra University, Visakhapatnam, India.   



Sarojini et al., 2013 

www.currentsciencejournal.info 

References 

Arnold TM, Tanner CE, Hatch WI (1995).  Phenotypic 

variation in polyphenolic Content of the tropical 

brown alga Lobophora variegata as a function of 

nitrogen availability.  Mar Ecol Prog Ser 123: 177 – 

183.   

Chakraborty K, Paul Raj R (2010). Sesquiterpenoids with 

free radical scavenging properties from marine 

macroalgae, Ulva fasciata Delile.  Food Chem 122: 

31-41.  

Demirel Z, Yildirim ZD, Tuney I, Kesici K, Sukatar A 

(2012).  Biochemical analysis of some brown 

seaweeds from Aegean Sea. Botanica Serbica 36: 

91-95. 

Dvessalo H, Tuomi J (1989). Nutrient availability and 

accumulation of phenolic compounds in the brown 

alga, Fucus vesiculosus. Marine Biol 101: 115-119.  

Hasan SM, Hossain MM, Foruque A, Mozumder MEH, 

Rana MS, Akter R, Alam MA (2008).  Comparision 

of antioxidant potential of different fractions of 

Commelina benghalensis Linn. Bang.  J Life Sci 

20: 9 – 16.  

Kajal C, Praveen NK, Vijayan KK, Syda Rao G (2013).  

Evaluation of phenolic contents and antioxidant 

activities of brown seaweeds belonging to 

Turbinaria sp. (Phaeophta, Sargassaceae) collected 

from Gulf of Mannar.  Asian Pac J Trop Biomed 3: 

8-16.  

Khaled N, Hiba M, Asma C (2012).  Antioxidant and 

antifungal activities of Padina  pavonica and 

Sargassum vulgare from the Lebanese 

Mediterranean coast.  Advances in Environmental 

Biol 6: 42-48.   

Kohen R, Nyska A (2002). Oxidation and biological 

systems: Oxidative stress phenomena, antioxidants, 

redox reactions and method for their quantification. 

Toxicol Pathol 30: 620-650.   

Kumar CS, Ganesan P, Suresh PV, Bhaskar N (2008).  

Seaweeds as a source of nutritionally beneficial 

compounds-A review.  Journal of Food Science and 

Tech 45: 1-13.  

Liu L, Heinrich M, Myers S, Dworjanyn SA (2012). 

Towards better understanding of medicinal uses of 

brown seaweed Sargassum in traditional Chinese 

medicine: A phytochemical and pharmacological 

review. J Ethnopharmacol 142:591-619.  

Pavia H, Aberg P (1996).  Spatial variation in polyphenolic 

content of Ascophyllum nodosum (Fucales, 

Phaeophyta).  Hydrobiol 326/327: 199-203. 

Rahman MAA, Moon SS (2007).  Antioxidant polyphenol 

glycosides from the plant Draba nemarosa.  Bull. 

Korean Chem Soc 28: 827-831. 

Rodriguez-Bernaldo de Quiros A, Lage - yusty MA, 

Lopez-Hernandez J (2010). Determination of 

phenolic compounds in macroalgae for human 

consumption.  Food Chem 121: 634-638. 

Sadasivam S, Manickam A (1992).  Biochemical methods 

for agricultural sciences. New Age international 

Pub (Pvt) Ltd., Chennai, India, pp 246. 

Sarojini Y, Lakshminarayana K, Seshagiri Rao P (2012).  

Variations in distribution of flavonoids in some 

seaweeds of Visakhapatnam coast of India.  Der 

Pharma Chemica 4: 1481-1484. 

Steinberg PD (1989).  Biogeographical variation in brown 

algal polyphenolics and other secondary 

metabolites: comparison between temperate 



Sarojini et al., 2013 

www.currentsciencejournal.info 

Australesia and north America.  Oecologia 78: 373-

382. 

Striger V, Deslandes E, Payri CE (2004).  Phenolic content 

of two brown algae, Turbinaria ornata and 

Sargassum manger on Tahiti (French Polynesia):  

Interspecific and spatio temporal variations.  

Botanica marina 47: 402-409. 

Tuomi J, Niemela P, Haukioja E, Siren S, Neuvonen S 

(1984). Nutrient stress: an explanation for plant anti 

- herbivore responses to defoliation.  Oecol 61: 

208-210.     

Vimalabai CPM, Prathiba RA, Sumitra P (2004).  Phenolic 

compounds in brown seaweeds from Tuticorin, 

south east coast of India.  Seaweed Res. Utiln 26: 

93-98. 

Vinayak RC, Sabu S, Chattergi A (2011).  Bioprospecting 

of a few brown seaweeds for their cytotoxical and 

antioxidant activities. Evidence based 

complementary and alternative medicine article ID 

673083, 9.  

Yoshie Y, Wang W, Petilla D, Suzuki T (2000).  

Distribution of catechins in Japanese seaweeds.  

Fisheries Sci 66: 998-1000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        


