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Abstract 
In vitro antioxidant activity of Ulva lactuca (Chlorophyta) and three brown seaweeds belonging to the 

division Phaeophyta were evaluated. The species Padina pavonica, Colpomenia sinuosa, Cystoseira 

myrica and U. lactuca were collected during low tide between March and June 2012 from the coastline of 

the Persian Gulf (Hormozgan and Bushehr provinces), Iran. Ethyl acetate,  n-Hexane and methanol 

extracts were prepared. The ethyl acetate extract of Ulva lactuca showed the highest radical scavenging 

activity (IC50 62.13 µg/ml) in comparison with brown seaweeds, when tested by the DPPH (1-diphenyl-2-

picrylhydrazyl). Butylated hydroxytoluene (BHT) was used as a reference. This study indicated that the 

ethyl acetate extract of seaweeds had better antioxidant effect in comparison with methanol and n-Hexane 

extracts. Additionally, the antioxidant activities of ethyl acetate extracts of all the four seaweeds exhibited 

dose dependency and increased with increasing concentration of the extract. Since, these algal species are 

easily available in coastal waters of the Persian Gulf, their antioxidant potential make them suitable 

candidate as ingredients in food and pharmaceutical industries. 
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1. Introduction 

Macroalgae or seaweeds  are photosynthesizing 

organisms in marine environment that form the basic 

biomass in the intertidal zone (Miyashita et al., 

2012).They are a rich source of bioactive compounds 

such as carotenoids, protein, polysaccharides, essential 

fatty acids, antioxidants, vitamins and minerals 

(Ganesan et al., 2008). Seaweeds have been used as a 

food resource in many Asian countries such as China, 

Japan, and Korea (Wijesekara et al, 2012). Compared 

to the terrestrial plants, seaweeds have no distinct 

organs. This character makes the whole plants 

available for exploitation (Miyashita et al., 2012).  

The immobility of plants makes them a target of 

oxidative effects, because they are unable to escape 

from environmental conditions. Consequently, 

antioxidant mechanisms for the removal of reactive 

oxygen species (ROS) are more developed in plants 

than in other organisms. Since Macroalgae are always 

exposed to the fluctuation of environmental factors, 
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including salinity, temperature, and UV radiation, 

which may result in oxidative stress, they can increase 

in the production of different antioxidant defense 

mechanisms to protect the chloroplast from ROS 

(Martins et al., 2012). 
Free radicals are any chemical species that has 

unpaired electrons or an open electron shell which 

make them highly chemically reactive towards other 

substances until they capture electrons and neutralize 

(Vijayabaskar et al., 2012). 

Reactive oxygen species (ROS) such as hydroxyl 

(OH−), superoxide (O2-) and peroxyl (RO2-) 

radicals are byproducts of normal metabolism in 

tissue cells and damage DNA, proteins, and lipids 

through  the process of oxidation which induce 

different diseases in human body (Yen & Chen, 

1995; Vijayabaskar et al., 2012). 

Antioxidants are substances that delay or prevent 

the process of oxidation by scavenging the free 

radicals in body cells, and may reduce potential 

mutations and thereby help prevent cancer and heart 

disease (Samaraweera et al., 2012; Yan et al., 1999). 

There are many synthetic commercial antioxidants 

such as butylated hydroxyl toluene (BHT), butylated 

hydroxy anisole (BHA), tert-butylhydroquinone 

(TBHQ) and propyl gallate (PG) which are used to 

reduce the harmful effects of free radicals. However, 

these synthetic antioxidants may have other harmful 

effects (Wijesekara et al., 2012). Therefore, researching 

for new antioxidants, especially with natural origin has 

become a major concern. Marine algae are one of the 

richest sources of natural antioxidants (Samaraweera et 

al, 2012).  

Since, the Persian Gulf is located in subtropical 

region its plants are expected to develop a very 

effective antioxidant defense system due to the 

strong UV radiation in the environment. There are 

numerous species of macroalgae in Iranian coast of 

trhe Persian Gulf and the Sea of Oman exposed to 

high solar irradiation and they have been rarely 

studied for their antioxidant activities. Therefore, this 

study was undertaken to evaluate the antioxidant 

activity of the organic extracts from four common 

macroalgae of southern Iran with respect to their free 

radical scavenging properties. 

2. Materials and Methods 

2.1. Collection and Preparation of Algal Extracts 

The seaweeds used in this study P. pavonica, C. 

sinuosa, C. myrica (Phaeophyta) and U. lactuca 

(Chlorophyta) were collected in the intertidal zone of 

Bostane and Qeshm island (Hormozgan province) and 

Nayband bay (Bushehr province) the Persian Gulf, Iran 

during low tide between March and June 2012. 

Samples were rinsed with seawater and transported to 

the laboratory. After removing other kinds of seaweeds 

from the specimens, algae were shade dried at room 

temperature. Voucher specimens of the collected 

samples were preserved in 3% Formalin/seawater and 

kept in darkness for later identification. All the 

specimens deposited in the Marine Herbarium of 

Hormozgan University. The dried seaweeds were 

powdered and used for later experiments. 

2.2. Extraction 

Ethyl acetate, n-Hexane and methanol extracts 

were prepared. First extraction of each species was 

prepared by pouring n-Hexane into the bottle 

containing 100 g of seaweed powder at the ratio of 

6:1 (v/w) and left at room temperature for 48 h. The 

extract was filtered and evaporated using rotary 

evaporator at 40-50 ºC. Likewise, second extraction 

with ethyl-acetate and third extraction with methanol 

were prepared from the same powder. The extract of 

each specimen poured in to the vials and weighed 

after drying. The vials were labeled and kept in 

refrigerator for further experiments.  

The extractive values were calculated on dry 

weight basis from the following formulae (Table 1): 

 
% = ℎ    ℎ     × 100
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Table 1. extract value (yield %) 

 
DPPH radical scavenging activity 
The n-Hexane, ethyl acetate and methanol extracts 

of each specimen was assayed for DPPH radical-

scavenging activity (DPPH assay). 1000 µg/ml 

solution of each sample was prepared in methanol. 

Four concentrations (20, 40, 80 and 120 µg/ml) of 

each extract was transferred into the different 

columns of a 96-well micro plate by means of a 

micropipette and were left at room temperature for 

methanol evaporation. Each column consisted of 8 

wells. The first column of the plate was left as 

control including methanol and DPPH. The DPPH 

solution was prepared at a concentration of 40 µg/ml 

in methanol.187 µl of methanol and 63 µl of DPPH 

were added to four wells of every columns, remaining 

four wells were treated only by 250 µl of methanol as 

a blank for each concentration (it was necessary 

because of the color intensity of the extracts). The 

plates were shaked and left in the dark at room 

temperature for 60 min. The absorbance of the 

mixtures was measured at 517 nm using power wave 

plate reader. Percentage of free radical scavenging 

activity was calculated as percent inhibition by the 

following formulae: Ac − AsAc × 100 = %  

Where Ac is Absorbance of Control (the 

absorbance of DPPH radical in methanol), As is 

Absorbance of Sample (absorbance of DPPH radical 

solution mixed with sample extract or standard) and 

Af is Final Absorbance.  

Butylated hydroxy toluene (BHT) which is a 

synthetic antioxidant was used as a reference. Every 

sample was treated in triplicate (n = 3) and mean 

values were obtained to calculate the IC50 (Inhibition 

Concentration of 50% required for 50% scavenging 

activity). It was calculated from dose-response curve 

and used for comparing the antioxidant activity of 

each sample. A lower value of IC50 indicated a higher 

antioxidant activity (Ganesan et al.,2011). 

Statistical Analysis 
Mean values and their standard deviations were 

calculated from 3 replicates per concentration. 
Statistical significance for the difference of means 
was tested with one-way ANOVA followed by 
Duncan’s multiple range tests using SPSS software 
(SPSS 16).  

3. Results 

The extract value of 12 specimens was determined 

using electronic balance (Sartorius AG Germany, LA 

120S). Methanolic extract of P. pavonica had the  

highest yield of 6.5606 % (g/Dw) and n-Hexane 

extract yielded the lowest (Table 1). 

The radical scavenging activity of extracts was 

evaluated using DPPH assay. The results expressed 

as Inhibition Concentration IC50 (μg/ml) for ethyl 

acetate and methanol extracts of four seaweeds and 

BHT are summarized in Table 2. The n-Hexane 

extracts of four species did not show any radical 

scavenging activity when tested by the DPPH. 

Among the eight extracts of four seaweeds, ethyl 

acetate extract of U. lactuca exhibited higher total 

antioxidant activity with a very low IC50 (62.13 µg/ml) 

followed by P. pavonica (127.66 μg/ml), C. sinuosa 

(164.3 μg/ml), and C. myrica (284 μg/ml). 

Furthermore, the methanol extract of U. lactuca 

obtained the lowest activity of 1399 μg/ml between all 

the extracts (Table 2 and Fig. 1). Among the methanol 

extracts of four seaweeds, P. pavonica showed higher 

effect of radical scavenging (IC50 410 μg/ml). 
Table 2. The IC50 (μg/ml) of different extracts 

 

              extract 

species 

n-Hexane 

(g/Dw)  

ethyl acetate 

(g/Dw)  

Methanol 

(g/Dw)  

Ulva lactuca  0.0749±0.009  0.09±0.003 3.3333±0.1 

Colpomenia sinuosa 0.0293±0.008 0.10±0.02 4.7442±0.9 

Padina pavonica 0.3181±0.07 0.50±0.06 6.5606±1.1 

Cystoseira myrica 0.1262±0.02 0.13±0.03 4.3091±0.8 

             extract 
species 

ethyl acetate methanol

Ulva lactuca  62.13±3.3  1399 ±21.3
Colpomenia sinuosa 164.3±7.5  1302±8.8  
Padina pavonica 127.66±5.7  410±4.1  
Cystoseira myrica 284 ±9.3 620±6.3  
BHT  21.22±3.2  21.22±2.9 
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DPPH radical scavenging activity of ethyl acetate 

extracts compared with those of BHT as a standard at 

the same concentration and expressed as % of 

inhibition against DPPH (Fig. 1). 

The results (Fig. 1) indicated that the scavenging 

activity of seaweed extracts were concentration 

dependent. It meant reducing power increased with 

increasing concentration (from 20 to 140 μg/ml) in all 

samples. However, the positive control (BHT) did not 

show dose dependency. Furthermore, results of 

ANOVA analysis showed significant difference (p < 

0.05) between the means of antioxidant activity of ethyl 

acetate extracts of different concentration in four 

studied seaweed. However, C. sinuosa and P. pavonica 

have the same antioxidant properties (from 20 to 80 

μg/ml) according to the Duncan’s Post-Hok multiple 

test. Between the studied seaweeds Cystoseira myrica 

showed the lowest total antioxidant activity. 

4. Discussion 

Several studies have reported the free radical 

scavenging capacity of macroalgae. Seaweeds are low 

in fats, but contain vitamins and antioxidative 

molecules, like phlorotannins, ascorbic acid, 

tocopherols, carotenoids, phospholipids, chlorophyll 

related compounds, etc. (Zubia et al., 2007; 

Vijayabaskar et al., 2012). Detection of antioxidant 

activity in different seaweeds could increase their value 

as a food, additive or medicine (Yan et al., 1998). 

Different solvents have been used in screening 

seaweeds for antioxidant properties. 

DPPH assay is one of the methods extensively used 

for evaluating antioxidant activity (Ganesan et al., 

2011). The 1, 1-diphenyl-2-picrylhydrazyl (DPPH) 

radical is a stable radical with a maximum absorbance 

at 517 nm because of the odd electron. The 

antioxidants can pair off this electron by hydrogen 

donation that cause a color change from purple to 

yellow, and the resulting decolorization is 

stoichiometric with respect to the number of electrons 

taken up (Ananthi et al., 2010; Ganesan et al., 2011). 

Radical scavenging activity of the extracts was 

compared using their respective IC50 values. IC50 was 

used to express the amount or concentration of 

extracts needed to scavenge 50% of the free radicals. 

The radical-scavenging activity of studied seaweeds is 

shown in Table 2.  

The best radical-scavenging activity belonged to 

the ethyl acetate extract of U. lactuca (IC50 62.13 

μg/ml). This showed better radical-scavenging 

activity than did the extracts of U. intestinalis IC50 

43230 μg/ml (Zubia et al., 2007). Between the 

methanol extracts, it was P. pavonica which obtained 

the best radical-scavenging activity (IC50 410 μg/ml) 

which is again greater than that of P. gymnospora as 

reported by Zubia et al., 2007.

 
Fig. 1: DPPH radical scavenging activity (%) of ethyl acetate extract of four seaweeds and BHT standard in different concentration. Bars 
represent standard deviations. Significant differences are indicated by different letters as determined by Duncan’s Post-Hok multiple 
comparison (p<0.05)     
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Methanolic extracts of brown algae have shown 

better antioxidant activity in compare with methanolic 

extract of U. lactuca. The results showed that different 

solvent extracts of seaweeds exhibited different 

antioxidant activities and in the case of n-Hexane 

extracts no activity observed. 

The Butylated hydroxyl toluene (BHT) used in this 

study, is a synthetic antioxidant and can be used as a 

good indicator for comparing scavenging activity 

between the extracts. None of the analyzed species 

showed higher results than BHT standard at low 

concentrations (between 20 to 40 μg/ml). However, 

BHT standard was pure and may actually have higher 

antioxidant activity compared to the crude extracts. 
The results of the DPPH assay in the present study 

showed a large difference between radical scavenging 

activities of different seaweed extracts. Overall, the 

ethyl acetate extracts exhibited better antioxidant 

activity than methanol extracts. Same trend has also 

been reported by Ganesan et al., 2008, that showed 

ethyl acetate fraction of Acanthophora spicifera 

exhibited higher total antioxidant activity among all the 

fractions. But, it was inconsistent with the result of 

Suresh Kumar et al. (2007), that reported methanol 

extract of Kappaphycus alvarezii has better antioxidant 

activity than ethyl acetate. 

The detection of antioxidant activity of mentioned 

algae (U. lactuca, in particular) enhances their 

importance as a potential new source of marine drugs 

and nutritional supplements, which should be 

investigated more in future with greater attention. 

5. Conclusions 

In the present study, different extracts of four species 

Ulva lactuca (Chlorophyta), Colpomenia sinuosa, 

Padina pavonica and Cystoseira myrica (Phaeophyta) 

exhibited radical scavenging activity. The ethyl acetate 

extracts obtained better radical-scavenging activity than 

methanolic extracts. Furthermore, antioxidant activities 

of ethyl acetate extracts from U. lactuca and P. 

pavonica were found to be the most potent. Since these 

four species of seaweeds are easily available in coastal 

waters of the Persian Gulf, their antioxidant potential 

make them suitable candidate as ingredients in food 

and pharmaceutical industries. This is a preliminary 

study, a detailed investigation due to identifying the 

compositions of each extract is necessary for the future 

exploitation of seaweed resources. 
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