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1. Introduction 
Algae, as photosynthetic organisms, are exposed to a combination of light and high oxygen concentration at the 

origin of the formation of free radicals and other oxidative reagents [1]. But the awareness of the lack of 

structural damage in their organs has led the scientific community to consider that their resistance to oxidation 

comes from their natural content, or production under stress, in antioxidant substances [1]. Many studies 

indicate that extreme environmental factors, e.g. salinity, temperature, nutrients, and intense irradiance, cause a 

high rate of pigment production [2-5]. The biochemical composition of marine algae is generally known to be 

highly influenced by geographical location, environment, season and sampling conditions [6, 7]. The biomass of 

algae contains many valuable components: minerals, vitamins (A, B, C, E), PUFAs (ω-3), amino acids, proteins, 

polysaccharides, lipids, and dietary fiber [8]. Some of these substances were studied for their biological 

properties [8-17]. Furthermore, Seasonal variations in the chemical composition and biological activity have 

been reported in common marine seaweeds from different parts of the world [18-23]. 

However, there is paucity of data on the antioxidant potential of seaweeds harvested in Algeria. Reports on the 

biological activities of seaweed extracts from Algeria are very limited [24-26]. In addition, any studies 

evaluating the seasonal variation in the chemical composition of these Algerian seaweeds were accomplished. 

Hence, the present study was intended to investigate the seasonal variations in the phenolic compound content 

and antioxidant activities of algal extracts from the Algerian Sea. The study focused on species that are among 

the most abundant in our study area, and that could become a natural source for the extraction of metabolites 

with antioxidant properties for use in pharmaceutical and medical sectors. 

2. Experimental details 
2.1.Seaweed material 

Three marine algal species were collected during December 2013, June and September 2014, representing 

Autumn, Spring and Summer respectively in Tiskerth (Ile de l’ail) which is a small islet in the Boulimat region 

about 16.4 km west of Bejaia city. The species collected were the pheophytes Halopteris scoparia (Linnaeus) 

Sauvageau, Zonaria tournefortii (Lamouroux) Montagne, and the rhodophyte Sphaerococcus coronopifolius 

Stackhouse. The algae were collected from submerged rocks from 6-7 m depth where they are usually abundant 
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during the relevant collecting periods. All the samples were brought to the laboratory in plastic bags containing 

seawater to prevent the seaweeds from drying out. Samples has been cleaned several times in fresh water and 

then with distilled water. After cleaning, the algae was shade- drying at room temperature for one week then 

oven dried at 38±2° C for 48 h to obtain a constant weight and pulverized in the grinder and sieved through a 

screen with an aperture of 125 µm. Then, the powdered material was kept in airtight glass bottles at room 

temperature until further analysis. 

 

2.2.Chemicals 

2-2-diphenyl-1-picrylhydrazyl (DPPH), 2,6-dichlorophenolindophenol (DCPIP) were purchased from Sigma-

Aldrich Chemie (Steinheim, Germany). Sodium carbonate, potassium ferricyanide (P 99.5% purity) was 

purchased from Biochem, Chemopharma (USA), while Ferric chloride (P 98.102% purity) was from Panreac 

(Barcelona, Spain). Folin-Ciocalteu reagent, acid sulfuric, hexane, acetone and trichloroacetic acid (≥99.00% 

purity) were obtained from Biochem, Chemopharma (Montreal, Quebec). All other solvents and chemicals were 

of analytical grade. 

 

2.3.Preparation of extracts 

The pulverized seaweed material (0.5 g) was weighed and 50 ml of distilled water added to it. The water extract 

solution was collected after shaking for 1 h at room temperature and centrifugation at 2220 rpm during 10 min. 

 

2.4. Total phenolic content (TPC) 

The total phenolic content in the extracts was determined by the method described by Singleton & Rossi [27] 

slightly modified. An aliquot (100 µl) of extract was mixed with 0.5 ml of Folin-Ciocalteu reagent (1:10 diluted) 

and allowed to stand at room temperature for 5 min. Sodium carbonate (7.5%, 0.4 ml) was added to the mixture 

and incubated at room temperature for 2 h. The absorbance was measured at 760 nm. The content of phenolic 

compounds was expressed as mg gallic acid equivalent (GAE) per 100g dry weight of sample (DW). 

 

2.5. Ascorbic acid content (AAC) 

Ascorbic acid was determined according to the method of Mau et al. [28]. Two hundred milligrams of each 

sample were extracted with 10 mL of oxalic acid (3%) for 60 min. After centrifugation at 1700 × g for 15 min, 

the supernatant was paper filtered. One milliliter of extract was mixed with 9 mL of DCPIP and the absorbance 

was measured at 515 nm. Ascorbic acid content was expressed as mg ascorbic acid equivalents (AAE) per 100g 

dry weight of sample (DW). 

 

2.6. Antioxidant activities 

2.6.1. Total antioxidant capacity (TAC) 

Total antioxidant activities were determined according to the method of Prieto et al. [29]. Briefly, 0.2 ml of 

sample was mixed with 2.0 ml reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM 

ammonium molybdate). Reaction mixture was incubated at 95 °C for 90 min under water bath. Absorbance of 

all the sample mixtures was measured at 695 nm. Total antioxidant activity was expressed as mg gallic acid 

equivalent (GAE) per 100g dry weight of sample (DW). 

 

2.6.2. Ferric reducing power (FRP) 

The reducing power was measured according to the method of Oyaizu [30]. To 1 ml of extract was added 1 ml 

0.2 M phosphate buffer (pH 6.6) and 1 ml of 1% potassium ferricyanide. The mixture was incubated at 50 °C 

for 20 min and 1 ml of 10% TCA was added into this reaction mixture. An aliquot of 1 ml from the incubation 

mixture was mixed with 1 ml of distilled water and 0.2 ml of 0.1% ferric chloride in test tubes. The absorbance 

was measured at 700 nm. Gallic acid was used as a standard and reducing power was expressed as mg gallic 

acid equivalents (GAE) per 100g dry weight of sample (DW). 

 

2.6.3. DPPH radical scavenging activity 

DPPH radical scavenging activity was determined according to the method of Blois [31]with slight 

modification. Briefly, 1 ml of 60 M methanolic solution of DPPH was mixed with 500 l of extract solution. 

The mixture was then shaken and left for 30 min at room temperature in the dark. The absorbance of the 

resulting solution was measured at 517 nm. Gallic acid was used as a standard and DPPH radical scavenging 

activity was expressed as mg gallic acid equivalents (GAE) per 100g dry weight of sample (DW). 

 



Fellah et al., J. Mater. Environ. Sci., 2017, 8 (12), pp. 4451-4456 4453 

 

2.6.4. Ferrous iron chelation (FIC) 

The Fe
2+

 chelating activity of the extracts was estimated by the modified method of Dinis et al.[32]. To 1 ml of 

the extract 2.7 ml of deionised water and 0.1 ml of 2 mM ferrous chloride were added. After 3 min, 5 mM 

ferrozine (0.2 ml) were added. The mixture was shaken vigorously and was left at room temperature for 10 min. 

The absorbance of the resulting solution was measured at 562. A control was run in the same way using distilled 

water instead of sample.  Sample blank was made for each extract without adding ferrozine. The chelating 

capacity expressed as mg gallic acid equivalents (GAE) per 100g dry weight of sample (DW). 

 

2.7. Statistical analysis 

All analyses were carried-out in triplicates and the experimental data were expressed as means ± standard 

deviation using Graphpad prism 7. Analysis of variance was determined by two-way ANOVA. The Tukey test 

was performed and the significant difference was detected at p < 0.05. 
 

3. Results  
3.1. Total phenolic content 

Based on the absorbance values of extract reacted with the Folin–Ciocalteu reagent, total phenolic contents are 

given in Figure 1, as gallic acid equivalents by reference to standard curve.TPC was higher in S. coronopifolius 

(144.33 ± 1.76 mg GAE/100g) in autumn followed by H. scoparia (105.40± 1.19 mg GAE/100g)in the same 

season and Z. tournefortii (78.46 ± 0.79 mg GAE/100g) in summer. TPC was observed to vary in all seasons. 

Tukey tests showed the significant seasonal differences (p<0.05) between the different species as well as within 

each species. 

 
Figure 1: Total phenolic contents of three selected marine algae in three seasons. 

3.2. Ascorbic acid content 

As can be seen in Figure 2, the highest ascorbic acid content was observed in H. scoparia (125.52 ± 2.79 mg 

AAE/100g) in spring and in Z. tournefortii (109.01 ± 4.18 mg AAE/100g) in Autumn whereas the lowest 

ascorbic acid level occurring in all seasons found in the seaweed S. coronopifolius. 

 
Figure 2: Ascorbic acid contents of three selected marine algae in three seasons 

The seasonal differences in ascorbic acid content were significant (p<0.05) in two of the three algal species (Z. 

tournefortii and S. coronopifolius), the exception being H. scoparia which showed an insignificant difference 

(p<0.05) between its autumn and spring contents (AAC) 

http://www.algaebase.org/search/?genus=Zonaria
http://www.algaebase.org/search/?genus=Zonaria
http://www.algaebase.org/search/?genus=Zonaria
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3.3. Antioxidant activities 

The antioxidant activities of the macroalgal species varied both between species and with time (Table I). 

Species Seasons TAC 
(mgGAE/100g) 

FRP 
(mgGAE/100g) 

DPPH 
(mgGAE/100g) 

FIC 
(mgGAE/100g) 

H. scoparia Autumn 
Spring 

Summer 

322.36 ± 5.12 d 
277.66 ± 5.76 f 
218.55 ± 2.57 h 

40.77 ± 1.80 a 
41.93 ± 1.08 a 
20.87 ± 0.35 f 

11.12 ± 0.19 b 
7.77 ± 0.13 c 
5.32 ± 0.87 g 

321.66 ± 8.82 b 
340.05 ± 1.81 a 
333.24 ± 4.77 a 

Z. tournefortii Autumn 
Spring 

Summer 

246.41 ± 3.35 g 
242.94 ± 4.43 g 
278.97 ± 5.16 e 

31.02 ± 1.45 c 
26.07 ± 0.35 e 
23.94 ± 1.65 e 

3.73 ± 0.28 h 
6.61 ± 0.14 e  

12.08 ± 0.28 a 

174.93 ± 3.96 e 
163.17 ± 1.96 f 
81.69 ± 0.83 h 

S. coronopifolius Autumn 
Spring 

Summer 

636.57 ± 7.63 b 
699.13 ± 2.23 a 
516.3 ± 8.28 c 

54.69 ± 0.75 b 
18.62 ± 0.55 g 
27.00 ± 0.91 d 

5.76 ± 0.04 f 
3.69 ± 0.05 i 
7.24 ± 0.18 d 

276.02 ± 1.79 c 
176.69 ± 2.80 d 
141.61 ± 5.21 g 

Values with the same letter in each separate parameter are insignificant (two-way ANOVA, p<0.05) 
 
3.3.1. Total antioxidant capacity 

The total antioxidant activity of three different seaweeds are presented in Table I. S. coronopifoliusshowed 

highest total antioxidant activity (699.13 ± 2.23 mg GAE/100 g) followed by H. scoparia (322.36 ± 5.12 mg 

GAE/100 g) and Z.tournefortii (278.97 ± 5.16 mg GAE/100g). Significant seasonal differences (two-way 

ANOVA, p<0.05) were observed in the total antioxidant capacity in H. scoparia and S. coronopifolius, but 

insignificant differences in Z.tournefortii (Autumn vs. Spring). 

 

3.3.2. Ferric reducing power 

The ferric reducing power was observed to be higher in autumn with the highest level being recorded in S. 

coronopifolius(54.69 ± 0.75 mg GAE/100g) followed by H. scoparia (40.77 ± 1.80 mg GAE/100g) than Z. 

tournefortii (31.02 ± 1.45 mg GAE/100g). The Tukey test revealed that all the seaweed species had significant 

difference in the antioxidant activities (FRP assay) in all seasons with the exception of H. scoparia and Z. 

tournefortii where by its antioxidant activities wereinsignificantly different (p<0.05) in Autumn vs.Spring and 

Spring vs. Summer respectively. On the other hand, the differences between the ferric reducing power during 

summerin H. scoparia vs. Z. tournefortii and Z. tournefortii vs. S. coronopifolius were insignificant. 

 

3.3.3. DPPH radical scavenging activity 

The free radical scavenging activity in the three seaweed species were relatively low (Table 1). The maximum 

activity was found in Z. tournefortii (12.08 ± 0.28mg GAE/100g) in summer and H. scoparia (11.12 ± 0.19 mg 

GAE/100g) in autumn. The free radical scavenging activity showed significant seasonal differences (two-way 

ANOVA, p<0.05) between the different species as well as within each species. 

 

3.3.4. Ferrous iron chelation (FIC) 

As shown in Table I, H. scopariaattained the highest ferrous chelating activity (FIC) during the three seasons 

(varied from 321.66 ± 8.82 to 340.05 ± 1.81 mg GAE/100g). Tukey tests showed that the FIC was significantly 

different between seasons in all species with the exception of H. scoparia which showed an insignificant 

difference (p<0.05) between its spring and summer activity. 

 

4. Discussion 
Our results demonstrate that the total phenolic content was significantly higher in autumn in both species S. 

coronopifolius and H. scopariaas opposed to Z. tournefortii, which showed the highest phenolic content in 

summer. Similar observations have been reported previously, with maxima observed from late summer to the 

middle winter [33]. However, other studies have described maximum levels in summer [5, 19, 20, 34] 

depending on the species.On the other hand, Phaeophyta results reported to contain comparatively higher 

contents and more active antioxidants than green and red algae [35, 36]. However, in our study, the rhodophyte 

S. coronopifolius showed highest total phenolic content comparing with the brown algae H. scoparia andZ. 

tournefortii. It could be that the annual variation in phenolic content are dependent on a diverse species 

Table I: The antioxidant activities of three algal species collected at Bejaia Bay in different seasons. The values are 

expressed as mean ± SD (n=3). 

http://www.algaebase.org/search/?genus=Zonaria
http://www.algaebase.org/search/?genus=Zonaria
http://www.algaebase.org/search/?genus=Zonaria
http://www.algaebase.org/search/?genus=Zonaria
http://www.algaebase.org/search/?genus=Zonaria
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composition, as well as on the different environmental conditions obtaining in each season. The phenolic 

compound content of macroalgae varies with the reproductive stage of algae [19, 37] and with the physical 

factors such as light density and quality, photoperiod and temperature [4]. In order to survive under the worst 

conditions, algae contain some unique components not discovered in plants and these components differ 

according to algal species [38]. Gobbo-Neto & Lopes [39] report that these factors have correlations with each 

other and do not act in isolation; they may jointly influence the secondary metabolism. 

In addition, we found that the three marine algae contained phenolic constituents in various proportions and 

showed antioxidant activity to various degrees. A high correlation between the total phenolic content and 

antioxidant activity has been reported by many researchers [10, 19, 40, 41]. Nevertheless, other reports indicated 

that this correlation doesn’t exist and it was concluded that phenolic compounds are not responsible for 

antioxidant activity [42, 43]. In our study the red alga, S. coronopifolius exhibited higher total antioxidant 

capacity and ferric reducing power than H. scopariaandZ. tournefortii because of its richness of total phenolic 

content.  It was observed that the extracts containing high levels of total phenolics were also potent in reducing 

ferric iron, suggesting that algal polyphenols may be the principle constituents responsible for these properties 

of the extracts [13]. Furthermore, many researchers have been reported positive correlation between free radical 

scavenging activity and total phenolic compound [44-46].This is in disagreement with our results that prove 

weak free radical scavenging activity in all studied species. Some studies showed also a low activity in water 

extracts [47-48]. However, water extracts generally had higher ferrous chelating activity than 70% acetone 

extracts and no correlation was found with this TPC, suggesting other components such as polysaccharides, 

proteins or peptides in the extracts [49]. Our result is in accordance with this study, which also reported a high 

Fe2+ chelating activity of water extracts, specially with the brown algae H. scoparia wich attained  the highest  

activity (FIC) during the three seasons comparing with S. coronopifolius wich had the highest total phenolic 

content. According to Toth & Pavia [50], the phlorotanins which are usually present in brown seaweeds are 

strong chelators of heavy metals, which are believed to be responsible for the chelating ability of P. antillarum. 

K. alvarezzi. However, due to the complexity of crude algal extracts, a simple correlation between the phenolic 

content and the antioxidant properties is not informative. A detailed characterization of both the active 

components and other substances are needed [51]. 

 

Conclusion 
The present study revealed pronounced seasonal variations in the phenolic compounds and the antioxydant 

activities of three algal species (Halopteris scoparia, Zonariatournefortii, Sphaerococcus coronopifolius). 

Relatively important phenol levels linked to potent antioxidant activities were observed during autumn for both 

species S. coronopifolius and H. scoparia. It also illustrates that the phenolic compounds and the antioxydant 

activities varies intra-species as well as inter-species like a function of community or season, which points to the 

role of biotic and abiotic factors in the production of phenolic compoundsby seaweeds.S. 

coronopifoliusdemonstrated distinctly higher levels of total phenolic contents, total antioxydant activity and 

ferric reducing power than the othertwo algal species, but ferrous chelating activity was comparatively high inH. 

scopariaduring the three seasons compared to the other species. The data generated, though preliminary, 

therefore contributes to the development of the data base on Algerian marine algae presenting potential 

pharmaceutical and medical applications. 
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