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INTRODUCTION  

Algae, a diverse and often overlooked group of aquatic organisms, outshine their 

terrestrial counterparts in sheer abundance (Baweja et al., 2016; Peñalver et al., 2020; 

Lomartire et al., 2021). Contributing a significant 10% to the plant kingdom's biomass, 

they thrive in a multitude of aquatic environments (freshwater, harsh marine ecosystems, 

etc.) (Alssali et al., 2016; Pereira, 2020; Al-Adilah et al., 2022; Zhao et al., 2022). This 

diversity, coupled with their intricate cellular structures, presents a fascinating challenge 

for comprehensive study. 
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      The growing trend toward natural products in pharmaceuticals has fueled a 

surge in interest for exploring bioactive compounds from marine algae. 

Phenolic compounds, a vast and ubiquitous class of plant chemicals, have 

become a major focus of research due to their diverse pharmacological 

properties and potential health benefits. Seaweeds hold an immense potential 

due to their vast array of versatile molecules with diverse properties and 

multiple biological activities. Three algal samples from the Chlorophyta (Ulva 

lactuca), Phaeophyta (Sargassum vulgare) and Rhodophyta (Corallina 

officinalis) were assessed for phenolic compounds content and antioxidant 

power, in addition of a chemical characterization of the most active fractions 

using RP-HPLC technique. Fifteen extracts were obtained and phenolics and 

flavonoids were quantified. C. officinalis ethyle acetate and butanolic fractions 

were the most potent extracts. Gallic, chlorogenic, and p-coumaric acids were 

identified in the both extracts in addition to rutin, catechin and naringenin 

compounds. Our findings highlighted the significant potential of C. officinalis 

as a powerful alga tested. Future research will delve deeper into this promising 

species to fully explore its bioactive potential.  
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Algae, classified by size and structure, encompass two main categories: 

macroalgae, which include familiar seaweeds such as red (Rhodophyta), green 

(Chlorophyta), and brown (Phaeophyceae) varieties, and microalgae, typically single-

celled organisms, including blue-green algae (Hernandez-Ledesma & Miguel Herrero, 

2014; Beaumont et al., 2021; Abdel-Kareem & El-Saied, 2022). 

Living in a constant struggle for survival, marine algae have evolved a remarkable 

arsenal of unique, biologically active metabolites (Filote et al., 2021; Naiel et al., 2021; 

Vijay Sankar et al., 2023). These specialized molecules serve as a sophisticated defense 

system, allowing algae to flourish in competitive and often harsh environments 

(Abdelfattah et al., 2023; Singh et al., 2023; Tan, 2023).  

Notably, phenolic compounds represent a rich source of these secondary 

metabolites within marine algae (Gager et al., 2021; Jimenez-Lopez et al., 2021). In 

fact, the content and the nature of these phenolic compounds exhibit significant variation 

not only between different algal species (interspecific) but also within the same species 

depending on factors like seasonality (intraspecific) (Lomartire et al., 2021; Qui-Minet 

et al., 2021; Coaten et al., 2023).  

Brown macroalgae, for instance, demonstrate a particular abundance of 

phlorotannins, a subclass of phenolics. Conversely, red and green algae generally exhibit 

lower levels and diversity of these compounds (Del Mondo et al., 2021; Torres et al., 

2024). 

However, regardless of the vast potential of algal metabolites, particularly those 

with antioxidant properties, data on Algerian seaweeds remain scarce. There is a scarcity 

of data on the biological activities of algal extracts specific to this region (Belalia et al., 

2020; Kerzabi-Kanoun et al., 2021; Kord et al., 2021; Benmahdjoub et al., 2022; 

Saidani et al., 2022; Mazouzi et al., 2023). 

This study aimed to bridge the knowledge gap regarding the antioxidant potential 

of Algerian seaweeds. The phenolic compound and antioxidant activities of algal extracts 

from the Algerian coast were investigated. Specifically, the study focused on abundant 

species in the study area with the potential to serve as a natural source of antioxidant 

metabolites for the pharmaceutical and medical sectors. Additionally, chemical 

characterization was carried out using the RP-HPLC-PDA technique to explore some of 

the obtained organic fractions. 

The research sites were strategically selected along the western Algerian coast in 

the Tlemcen region. The algal species collected and investigated include Ulva lactuca, 

Sargassum vulgare, and Corallina officinalis. 
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MATERIALS AND METHODS  

1. Biomass harvesting and processing 

Chlorophyceae; Ulva lactuca, Phaeophyceae; Sargassum vulgare, and Rhodophyceae; 

Corallina officinalis were collected along the coast of Tafssout and from Elouardanya 

(Daira of Honaine) Tlemcen, Algeria during winter season (February 2024) (Table 1 & 

Fig. 1). Algae collected were extensively rinsed with tap water to remove adhering 

organisms and debris (epiphytes, barnacles, and gastropods). The algae samples were air 

dried and, after that, were powdered and stored at -23°C for further uses. Algal herbarium 

specimens were identified according to Benmahdjoub (2022). 

Table 1. List of the species studies, corresponding code names and harvesting regions (all 

samples were harvested in February 2024) 

Species Code Harvest region Coordinates 

Ulva lactuca L. ULEXT 

Tafsout-Tlemcen 35°11′14.015″N 1°38′51.969′′W Sargassum vulgare C. 

Agardh. 

SVEXT 

Corallina officinalis L. COEXT Elouardanya -Tlemcen 35°14′8.396′′N 1°35′18.863′′W 

 

 

Fig. 1. Sampling locations of the algal materials studied 
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2. Secondary metabolites extraction 

A total of 30g of each algae powder were mixed with 80% hydromethanolic 

solution and macerated at +4°C for 72h. After filtration, the mixture was evaporated to 

dryness under vacuum at +50°C. The resulting dry residue was weighed to calculate yield 

of extraction and was then dissolved in methanol to obtain crude extract. This operation 

was repeated to obtain a new dry residue, which was then subjected to successive liquid-

liquid extractions using different solvents: dichloromethane, ethyl acetate, and butanol. 

After each fractionation, the organic phase was evaporated and a dry residue was 

obtained and recovered in methanol. 

3. Phenolic compound contents 

Total phenolic contents were estimated by using the Folin-Ciocalteu method 

described in Vermerris and Nicholson (2006). Briefly, 100µL of a different extract was 

added to 2mL of 2% (w/w) sodium carbonate, followed by vigorous mixing for 5 

minutes. Then, 0.1mL of Folin-Ciocalteu reagent was added, and incubated for 30 

minutes. Absorbances were recorded at 750nm against a blank. Gallic acid calibration 

curve was used to express results as mg gallic acid equivalents per gram of dry extract 

(mg GAE/g). 

4. Flavonoid compound contents 

Total flavonoid content was measured using the method adapted from Barros et 

al. (2011). 0.5mL of different extracts were mixed with 2mL of dH2O, followed by 

0.15mL of 15% (w/w) of sodium nitrate solution. Subsequently, 0.15mL of 10% (w/w) 

aluminum chloride solution was added. 2mL of 4% (w/w) sodium hydroxide solution was 

added. Immediately, the final volume was adjusted to 5mL with dH2O. After incubation 

for 15 minutes, the absorbances were measured (510nm). The results were expressed as 

mg of catechin equivalents per gram of dry extract (mg CEQ/g). 

5. DPPH scavenging activity 

1950µL of DPPH▪ solution (6×10-5 M in methanol) was added to each sample 

(50µL). After incubation at room temperature (30 minutes, dark conditions), absorbances 

were measured (517nm) (Barros et al., 2011). The DPPH radical scavenging activity 

(SA) was then calculated using the following equation: 

SA % = [(Acontrol – Asample) / Acontrol] ×100 

Inhibition concentration of 50 % was recorded graphically from regression analysis. 

6. RP-HPLC-PDA analysis 

Separation and identification of phenolics contained in the most effective organic 

fractions were achieved using RP-HPLC-PDA technique. Analysis was conducted on a 

Perkin Elmer Flexar system (C18: 150 x 4.6 mm, 5μm). Mobile phase: A (ultra pure 

H2O/acetic acid, 98:2) and acetonitrile as solvent B. Gradient elution program was 

employed, starting with 90% A for 5 minutes, followed by a decrease in A to 10% over 

15 minutes. The mobile phase was then held at 100% B for 15 minutes, before returning 

to 90% A for a final 20-minute equilibration step. A flow rate of 1mL/ min was used. 
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Detection mode of separated compounds was achieved and recorded at 280nm (El Haci 

et al., 2020). Peak assignment was achieved by comparing retention times and UV 

spectra with those of standards already used. 

7. Statistical analysis  

All the reported data are shown in means ± S.D (standard deviation) (triplicate). 

Statistical analysis was conducted with 3 groups using one-way ANOVA. p < 0.05 were 

considered statistically significant. 

 

RESULTS AND DISCUSSION 

 

1. Extraction yield, total phenolic and total flavonoid contents 

Table (2) exhibits the results obtained for extraction yields, phenolic and 

flavonoid contents. As shown in this table, phenolic compounds, in the three studied 

seaweeds, varied from 0.13 to 3.47mg GAE/g, and 0.19 to 3.88mg CEQ/g, for phenolic 

and flavonoid, respectively. The obtained yields were arranged from 3.96 to 6%.  

The success of chemical extractions for bioactive compounds, like phenolics from 

seaweeds, is highly dependent on several factors. While time and temperature play a role, 

the solvent choice and the sample chemical composition are mainly considered critical 

determinants of extraction yield. Traditionally, researchers have utilized a range of 

solvents (methanol, ethanol, butanol, chloroform, water, etc.) for these extractions 

(Lopez et al., 2011; Osorio-Tobón, 2020; Ruth Alara et al., 2021; Mir-Cerdà et al., 

2023). 

Even the choice of solvent was made for methanol, the yields obtained and 

phenolic contents were low. This fact was reported in many studies undertaken on 

various seaweeds (Abd El-Baky et al., 2009; Abd Elmegeed et al., 2014; Kim et al., 

2016; Anjali et al., 2019; Generalić Mekinić et al., 2019; Jimenez-Lopez et al., 2021; 

Aissaoui et al., 2022; Carpena et al., 2023; Duan et al., 2023). 

The low phenolic compound contents in seaweeds is a complex issue influenced 

by multiple factors. These include species composition, environmental conditions 

(climate change, seasonal variations), harvesting time, and the reproductive stage 

(Connan et al., 2004; Fellah et al., 2017). Additionally, physical factors like light 

intensity and quality, photoperiod, and temperature play a role. Notably, algae possess 

unique components not found in plants, and their abundance varies with species. 

Importantly, these factors are interconnected, not isolated, and likely work together to 

influence algal secondary metabolism, impacting phenolic contents (Zhao et al., 2023; 

Sadeghi et al., 2024). 

 

2. Antioxidant activity 

Antioxidant activity assessment of the studied extracts is shown in Table (3). The 

most significant activity was recorded in C. officinalis, with an interesting IC50 found for 
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COEXT-13-EHI, followed by butanolic fraction and crude extract. S. vulgare presented a 

moderate activity especially for butanolic fraction with an IC50 of 680µg/ mL. U. lactuca 

crude and fractions presented a weak inhibitory effect on DPPH scavenging (Fig. 2). To 

explore the potential role of phenolic compounds in the extracts antioxidant activity, their 

concentrations were correlated with DPPH radical scavenging values (Table 4). Pearson's 

correlation demonstrated a strong correlation (r = 0.94) between TPC and DPPH assay 

results for C. officinalis. This finding suggests that phenolics significantly contribute to 

the antioxidant power of these red algae. These promising results support the potential of 

red algae as a source of natural antioxidants for the food manufacturing, with the 

potential to develop novel antioxidant products. 

However, U. lactuca extracts exhibited weak negative correlations, indicating a 

different mechanism for their antioxidant activity. Conversely, S. vulgare extracts showed 

good correlations between TPC, TFC, and DPPH assay results, suggesting that phenolics 

play a key function in this species antioxidant properties. 

 

Table 2. Extraction yields, total phenolic and flavonoid contents, DPPH IC50 of the 

different organic extracts 

Species Code Extract Yield (%) TPC TFC DPPH  

IC50 (mg/mL) 

U. lactuca ULEXT-1-EHI Crude extract 3.96 ± 0.92 0,43±0.00a 0,65±0.02a 6.66±0.23 

ULEXT-2-EHI DCM fraction 2.16 ± 0.02 
1,33±0.02b 2,44±0.19b Nd 

ULEXT-3-EHI EtOAc fraction 0.91 ± 0.00 
1,77±0.04c 2,97±0.12b Nd 

ULEXT-4-EHI BuOH fraction 2.42 ± 0.01 
1,48±0.02d 1,45±0.04c Nd 

ULEXT-5-EHI AQres fraction 72.59 ± 0.90 
0,39±0.00e 0,67±0.03a Nd 

S. vulgare SVEXT-6-EHI Crude extract 4.00 ± 0.33 0,62±0.02a 0,73±0.01a 2.38±0.00 

SVEXT-7-EHI DCM fraction 29.55 ± 0.12 
0,60±0.03a 1,25±0.01b Nd 

SVEXT-8-EHI EtOAc fraction 5.6 ± 0.90 
1,57±0.04b 3,88±0.08c Nd 

SVEXT-9-EHI Butanol fraction 19.67 ± 0.82 
1,65±0.02b 2,40±0.02d 0.68±0.03 

SVEXT-10-EHI AQres fraction 50.65 ± 0.98 
0,13±0.02c 0,19±0.01e Nd 

C. officinalis COEXT-11-EHI Crude extract 6.11 ± 0.49 0,49±0.01a 0,45±0.00a 0.42±0.00 

COEXT-12-EHI DCM fraction 0.98 ± 0.02 
2,02±0.05b 2,87±0.09b Nd 

COEXT-13-EHI EtOAc fraction 0.91 ± 0.00 
3,47±0.05c 2,02±0.01c 0.06±0.00 

COEXT-14-EHI BuOH fraction 6.98 ± 0.00 
1,34±0.01d 1,11±0.01d 0.37 ± 0.00 

COEXT-15-EHI AQres fraction 38.78 ± 0.93 
0,90±0.03e 0,73±0.02e Nd 

Each value represents the mean ± SD (n= 3). Total phenolic content (TPC) was expressed as mg gallic acid 

equivalents/g dried extract. Total flavonoid content (TFC) was expressed as mg catechin equivalents/g 

dried extract. IC50 values were expressed as final concentrations. Nd: not determined. DCM: 

dichloromethane extract, EtOAc: ethyl acetate extract, butanol: butanolic extract, AQres: residual aqueous 

phase. Within the same column, means followed by different letters are significantly different at P< 0.05. 
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Table 3. Antioxidant activity of the different extracts of seaweeds studied 

Species  Inhibition percentages of DPPH at 1mg/ mL 

U. lactuca ULEXT-1-EHI 8.02 ± 0.10a 

ULEXT-2-EHI 5.13 ± 0.38b 

ULEXT-3-EHI 2.91 ± 0.56c 

ULEXT-4-EHI 4.39 ± 0.51d,b,c 

ULEXT-5-EHI 3.39 ± 0.31e,c,d 

S. vulgare SVEXT-6-EHI 4.56 ± 0.44a 

SVEXT-7-EHI 3.90 ± 0.01a,d 

SVEXT-8-EHI 8.38 ± 0.03b 

SVEXT-9-EHI 5.77 ± 0.03c 

SVEXT-10-EHI 4.17 ± 0.04a,e 

C. officinalis COEXT-11-EHI 4.54 ± 0.05a 

COEXT-12-EHI 8.39 ± 0.06b 

COEXT-13-EHI 24.85 ± 0.99c 

COEXT-14-EHI 7.30 ± 0.04d 

COEXT-15-EHI 5.90 ± 0.07e 

BHA /// 95.49 ± 0.04 

Quercetin /// 96.05 ± 0.09 
ULEXT-1-EHI: crude extract, ULEXT-2-EHI: dichloromethane fraction, ULEXT-3-EHI: ethyl acetate 

fraction, ULEXT-4-EHI: butanolic fraction, ULEXT-5-EHI: residual aqueous fraction, SVEXT-6-EHI: 

crude extract, SVEXT-7-EHI: dichloromethane fraction, SVEXT-8-EHI: ethyl acetate fraction, SVEXT-9-

EHI: butanolic fraction, SVEXT-10-EHI: residual aqueous fraction, COEXT-11-EHI: crude extract, 

COEXT-12-EHI: dichloromethane fraction, COEXT-13-EHI: ethyl acetate fraction, COEXT-14-EHI: 

butanolic fraction, COEXT-15-EHI: residual aqueous fraction. 

Table 4. Pearson’s correlation results for the antioxidant activity vs TPC, TFC 

Antioxidant activity (DPPH scavenging) TPC TFC 

U.lactuca -0,49 -0,47 

S.vulgare 0,80 0,93 

C. officinalis 0,94 0,46 
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Fig. 2. DPPH inhibition percentages of the different organic extracts of the seaweeds 

studied 

ULEXT-1-EHI: crude extract, ULEXT-2-EHI: dichloromethane fraction, ULEXT-3-EHI: ethyl acetate 

fraction, ULEXT-4-EHI: butanolic fraction, ULEXT-5-EHI: residual aqueous fraction, SVEXT-6-EHI: 

crude extract, SVEXT-7-EHI: dichloromethane fraction, SVEXT-8-EHI: ethyl acetate fraction, SVEXT-9-

EHI: butanolic fraction, SVEXT-10-EHI: residual aqueous fraction, COEXT-11-EHI: crude extract, 

COEXT-12-EHI: dichloromethane fraction, COEXT-13-EHI: ethyl acetate fraction, COEXT-14-EHI: 

butanolic fraction, COEXT-15-EHI: residual aqueous fraction. 

3. HPLC analysis 

A performant and accurate method were carried to evaluate the chemical 

composition of the extracts presented the highest antioxidant activity, namely COEXT-

13-EHI and COEXT-14-EHI, ethyl acetate and butanolic fractions of C. officinalis, 

respectively (Figs. 3 and 4).  

Both extracts presented a good chromatographic signal of p-coumaric acid, gallic 

acid, and were well separated in COEXT-13-EHI. This fact explains the high amount of 

phenolics and flavonoids in this fraction compared to butanolic one. Chlorogenic acid, 

resorcinol, catechin, rutin and naringenin were also revealed. 

Some studies reported the chemical characterization of phenolic compounds by 

using HPLC from seaweed samples to evaluate results as those present in the current 

study (Sabeena Farvin & Jacobsen, 2013; Rajauria et al., 2016; Agregán et al., 2017; 

Olate-Gallegos et al., 2019; Mazouzi et al., 2023; El-Gammal et al., 2024). 
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It is notable to highlight the importance of the point that the amounts of those 

compounds varied strongly in the same species in relation with vegetative state, season 

and environmental conditions. 

It is not clear how to understand and explain the liaison (correlation) between 

different parameters (TPC, extraction yields, antioxidant activities), because of the 

diversity of phenolic compounds contained in extracts which certainly have different 

manner and ways to express antioxidant responses. 

In our study, extreme variation in gallic acid concentration when solvent polarity 

increases were reported. In fact, solvent polarity does not modify the amounts of phenolic 

compounds, but not the phenolic profile. 

 

 
Fig. 3. RP-HPLC chromatogram of COEXT-13-EHI (ethyl acetate fraction of C. 

officinalis) obtained at 280nm 
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Fig. 4. RP-HPLC chromatogram of COEXT-14-EHI (butanolic fraction of C. officinalis) 

obtained at 280nm 

CONCLUSION 

Algae are certainly a source of interesting bioactive compounds. The obtained 

result may show that C. officinalis extracts presented a powerful antioxidant compounds 

such as catechin, gallic acid and p-coumaric acid. 

By exploring these underexploited resources, this research contributes to a more 

comprehensive understanding of the bioactive potential of Algerian seaweeds. 

Additionally, the utilization of these valuable marine resources may, potentially, enrich 

the Algerian economy and align with the growing trend toward natural remedies and food 

sources. 

 

ACKNOWLEDGMENTS  

 

The authors are thankful for the financial support provided by the General Directorate for 

Scientific Research and Technological Development (DGRSDT) for this research. We 

would also like to thank all those who work at the Laboratory of “Produits naturels 

LAPRONA” (Aboubekr Belkaid University of Tlemcen) for their assistance in the 

experimental section of this work. This study was conducted as part of internal project 

058122022/CRAPC. 

 

 



 

Chemical Profile and Antioxidant Power of Secondary Metabolites Extracted from Green, Brown, 

and Red Seaweeds Harvested from Algerian Coast 

 

 

1513 

 

REFERENCES  

Abd El-Baky, H.H.; El-Baz, F.K. and El-Baroty, G.S. (2009). Natural preservative 

ingredient from marine alga Ulva lactuca L. Int. J. Food. Sci. Technol., 44: 1688–

1695.  

Abd Elmegeed, D.F.; Ghareeb, D.A.; Elsayed, M. and El-Saadani, M. (2014). 

Phytochemical constituents and bioscreening activities of green algae (Ulva 

Lactuca ). Int. J. Agric. Policy. Res., 2(11): 373-378.  

Abdelfattah, A.; Ali, S.S.; Ramadan, H.; El-Aswar, E.I.; Eltawab, R.; Ho, S.H.; 

Elsamahy, T.; Li, S.; El-Sheekh, M.M.; Schagerl, M.; Kornaros, M. and Sun, 

J. (2023). Microalgae-based wastewater treatment: mechanisms, challenges, recent 

advances, and future prospects. Environ. Sci. Ecotechnol., 13: 100205.  

Abdel-Kareem, M.S.M. and El Saied, A.A.F. (2022). Global seaweeds diversity. In: 

Handbook of algal biofuels aspects of cultivation, conversion, and biorefinery. 

Elsevier, pp 39-55.  

Agregán, R.; Munekata, P.E.S.; Franco, D.; Dominguez, R.; Carballo, J. and 

Lorenzo, J.M. (2017). Phenolic compounds from three brown seaweed species 

using LC-DAD–ESI-MS/MS. Food. Res. Int., 99(3): 979-985.  

Aissaoui, G.; Belyagoubi-Benhammou, N.; Belyagoubi, L.; Mansour, S.; Djebli, N.; 

Benmahdjoub, M.; Kerzabi-Kanoun, K.; Bouakline, H.; Benguedda-Rahal, W. 

and Atik-Bekkara, F. (2022). Assessment of in vitro antioxidant and in vivo anti-

inflammatory activities of marine algae from Algerian coast. J. Nat. Prod. Res. 

App., 2(1): 38–53.  

Al-Adilah, H.; Feiters, M.C.; Carpenter, L.J.; Kumari, P.; Carrano, C.J.; Al-Bader, 

D. and Küpper, F.C. (2022). Halogens in Seaweeds: Biological and 

Environmental Significance. Phycology., 2: 132-171.  

Alassali, A.; Cybulska, I.; Brudecki, G.P.; Farzanah, R. and Thomsen, M.H. (2016) 

Methods for upstream extraction and chemical characterization of secondary 

metabolites from algae biomass. Adv. Tech. Biol. Med., 4:1.  

Anjali, K.P.; Sangeetha, B.M.; Devi, G.; Raghunathan, R. and Dutta, S. (2019). 

Bioprospecting of seaweeds (Ulva lactuca and Stoechospermum marginatum): The 

compound characterization and functional applications in medicine-a comparative 

study. J. Photochem., 200: 111622.  

Barros, L.; Cabrita, L.; Boas, M.V.; Carvalho, A.M.; Ferreira, I.C.F.R. (2011). 

Chemical, biochemical and electrochemical assays to evaluate phytochemicals and 

antioxidant activity of wild plants. Food. Chem., 127: 1600–1608. 

Baweja, P.; Kumar, S.; Sahoo, D. and Levine, I. (2016). Biology of seaweeds. In: 

Seaweed in health and disease prevention, Academic press, pp 41-106.  



El Haci et al., 2025 1514 

Beaumont, M.; Tran, R.; Vera, G.; Niedrist, D.; Rousset, A.; Pierre, R.; Shastri, 

V.P. and Forget, A. (2021). Hydrogel-forming algae polysaccharides: from 

seaweed to biomedical applications. Biomacromolecules., 22(3): 1027-1052.  

Belalia, M.; Belkacemi, L.; Djendara, A.C. and Bouhadda, Y. (2020). Antioxidant 

and antibacterial activities and identification of bioactive compounds of various 

extracts of Caulerpa racemosa from Algerian coast. Asian. Pac. J. Trop. Biomed., 

10(2): 87-94.  

Benmahdjoub, M.; Belyagoubi-Benhammou, N.; Belyagoubi, L.; Aissaoui, G.; El 

Zerey-Belaskri, A.; Kerzabi-Kanoun, K.; Benguedda-Rahal, W. and Atik-

Bekkara, F. (2022). Seasonal variation in polyphenol content and antioxidant 

activity of the brown alga Cystoseira amentacea var. stricta (Sargassaceae) from 

Northwest coast of Algeria. Algerian. J. Env. Sc. Technol., 8: 2782-2790. 

Carpena, M.; Garcia-Perez, P.; Garcia-Oliveira, P.; Chamorro, F.; Otero, P.; 

Lourenço-Lopes, C.; Cao, H.; Simal-Gandara, J. and Prieto, M.A. 

(2023). Biological properties and potential of compounds extracted from red 

seaweeds. Phytochem. Rev., 22: 1509–1540.  

Coaten, D.J.; Guls, H.D.; Þorsteinsdóttir, M. and Halldórsson, H.P. (2023). Effect of 

environmental physico-chemical parameters on the biochemical composition of 

wild icelandic Laminaria digitata and Saccharina latissima (Laminariaceae, 

Phaeophyceae). Reg. Stud. Mar. Sci., 60: 102839.  

Connan, S.; Goulard, F.; Stiger, V.; Deslandes, E. and Ar Gall, E. (2004). 

Interspecific and temporal variation in phlorotannin levels in an assemblage of 

brown algae. Botanica. Marina., 47(5): 410 416.  

Del Mondo, A.; Smerilli, A.; Ambrosino, L.; Albini, A.; Noonan, D.M.; Sansone, C. 

and Brunet, C. (2021). Insights into phenolic compounds from microalgae: 

structural variety and complex beneficial activities from health to nutraceutics. Crit. 

Rev. Biotechnol., 41(2): 155-171.  

Duan, X.; Subbiah, V.; Xie, C.; Tuncay Agar, O.; Barrow, C.J.; Dunshea, F.R. 

and Suleria, H.A.R. (2023). Evaluation of the antioxidant potential of brown 

seaweeds extracted by different solvents and characterization of their phenolic 

compounds by LC–ESI-QTOF–MS/MS. Food. Sci., 88(9): 3737-3757.  

El Haci, I.A.; Mazari, W.; Atik-Bekkara, F.; Mouttas-Bendimerad, F. and Hassani, 

F. (2020). Bioactive compounds from the flower part of Polygonum maritimum L. 

collected from Algerian coast. Curr. Bioact. Compd., 16(04): 543-545.  

El-Gammal, M.I.; Abou-Dobara, M.I.; Ibrahim, H.A.H.; Abdulhafith, S.A. and 

Okbah, M.A. (2024). Polyphenols in selected marine algae and aromatic herbs 

with antimicrobial properties: A comparative study. Egypt. J. Aquatic. Res., 50(1): 

71-77.  

Fellah, F.; Louaileche, H.; Dehbi-Zebboudj, A. and Touati, N. (2017). Seasonal 

variations in the phenolic compound content and antioxidant activities of three 



 

Chemical Profile and Antioxidant Power of Secondary Metabolites Extracted from Green, Brown, 

and Red Seaweeds Harvested from Algerian Coast 

 

 

1515 

selected species of seaweeds from Tiskerth islet, Bejaia, Algeria. J. Mater. Environ. 

Sci., 8(12): 4451-4456. 

Filote, C.; Santos, S.C.R.; Popa, V.I.; Botelho, C.M.S. and Volf, I. (2021). Biorefinery 

of marine macroalgae into high-tech bioproducts: a review. Environ. Chem. 

Lett., 19: 969–1000. 

Gager, L.; Lalegerie, F.; Connan, S. and Stiger-Pouvreau, V. (2021). Marine algal 

derived phenolic compounds and their biological activities for medicinal and 

cosmetic applications. In: Recent advances in micro and macroalgal processing: 

food and health perspectives. John Wiley & Sons, Ltd, pp 278-310. 

Hernandez-Ledesma, B. and Herrero, M. (2014). Bioactive compounds from marine 

foods: plant and animal sources, First edition. John Wiley & Sons, Ltd. Published 

by John Wiley & Sons, Ltd. 

Jimenez-Lopez, C.; Pereira, A.G.; Lourenço-Lopes, C.; Garcia-Oliveira, P.; 

Cassani, L.; Fraga-Corral, M.; Prieto, M.A. and Simal-Gandara, J. (2021). 

Main bioactive phenolic compounds in marine algae and their mechanisms of 

action supporting potential health benefits. Food. Chem., 341(2): 128262.  

Kerzabi-Kanoun, K.; Belyagoubi-Benhammou, N.; Belyagoubi, L.; Benmahdjoub, 

M.; Aissaoui, G.; Benghedda, W. and Atik Bekkara, F. (2021). Antioxidant 

activity of brown seaweed (Padina pavonica (L.) extracts from the Algerian 

Mediterranean coast. J. Nat. Prod. Res. Appl., 1(2): 54-62. 

Kim, M.J.; Moon, Y.; Tou, J.C.; Mou, B. and Waterland, N.L. (2016). Nutritional 

value, bioactive compounds and health benefits of lettuce (Lactuca sativa L.). J. 

Food. Compost. Anal., 49: 19-34.  

Kord, A.; Foudil-Cherif, Y.; Amiali, M.; Boumechhour, A. and Benfares, R. (2021). 

Phlorotannins composition, radical scavenging capacity and reducing power of 

phenolics from brown alga Cystoseira sauvageauana. J. Aquatic. Food. Prod. 

Technol., 30(4): 426-438.  

Lomartire, S.; Cotas, J.; Pacheco, D.; Marques, J.C.; Pereira, L. and Gonçalves, 

A.M.M. (2021). Environmental impact on seaweed phenolic production and 

activity: an important step for compound exploitation. Mar. Drugs., 19: 245.  

Lomartire, S.; Marques, J.C. and Gonçalves, A.M.M. (2021). An overview to the 

health benefits of seaweeds consumption. Mar. Drugs., 19: 341.  

López, A.; Rico, M.; Rivero, A. and de Tangil, M.S. (2011). The effects of solvents on 

the phenolic contents and antioxidant activity of Stypocaulon scoparium algae 

extracts. Food. Chem., 125: 1104-1109.  

Mazouzi, M.; Kharraz-Chemlal, D.; Khelil, F.Z.; Maatallah, A. and Bouderbala, M. 

(2023). Seasonal variation of polyphenols content and their biological activity in 

two species of red marine macro-algae (Corallina sp) collected from the Algerian 

west coast. Appl. Ecol. Env. Res., 21(6): 5849-5861.  



El Haci et al., 2025 1516 

Mekinić, I.G.; Skroza, D.; Šimat, V.; Hamed, I.; Čagalj, M. and Perković, Z.P. 

(2019). Phenolic content of brown algae (Pheophyceae) species: extraction, 

identification, and quantification. Biomolecules., 9(6): 244.  

Mirerdà, A.; Nuñez, O.; Granados, M.; Sentellas, S. and Saurina, J. (2023). An 

overview of the extraction and characterization of bioactive phenolic compounds 

from agri-food waste within the framework of circular bioeconomy. Trends. 

Analyt. Chem., 161: 116994.  

Naiel, M.A.E.; Alagawany, M.; Patra, A.K.; El-Kholy, A.I.; Amer, M.S. and Abd El-

Hack, M.E. (2021). Beneficial impacts and health benefits of macroalgae phenolic 

molecules on fish production. Aquaculture., 534: 736186.  

Olate-Gallegos, C.; Barriga, A.; Vergara, C.; Fredes, C.; Garcia, P.; Gimenez, B. 

and Robert, P. (2019). Identification of polyphenols from Chilean brown seaweeds 

extracts by LC-DAD-ESI-MS/MS. J. Aquat. Food. Prod T., 28(4): 375-391.  

Osorio-Tobón, J.F. (2020). Recent advances and comparisons of conventional and 

alternative extraction techniques of phenolic compounds. J. Food. Sci. Technol., 57: 

4299–4315.  

Peñalver, R.; Lorenzo, J.M.; Ros, G.; Amarowicz, R.; Pateiro, M. and Nieto, G. 

(2020). Seaweeds as a functional ingredient for a healthy diet. Mar. Drugs., 18: 

301.  

Pereira. L. (2020). Characterization of bioactive components in edible algae. Mar. 

Drugs., 18: 65.  

Qui-Minet, Z.N.; Davoult, D.; Grall, J.; Delaunay, C.; Six, C.; Cariou, T. 

and Martin, S. (2021). Physiology of maerl algae: comparison of inter- and 

intraspecies variations. J. Phycol., 57(3): 831-848.  

Rajauria, G.; Foley, B. and Abu-Ghannam, N. (2016). Identification and 

characterization of phenolic antioxidant compounds from brown Irish 

seaweed Himanthalia elongata using LC-DAD–ESI-MS/MS. Innov. Food. Sci. 

Emerg. Technol., 37: 261-268.  

Ruth Alara, O.; Abdurahman, N.H. and Ukaegbu, C.I. (2021). Extraction of phenolic 

compounds: A review. Curr. Res. Food. Sci., 4: 200-214.  

Sabeena Farvin, K.H. and Jacobsen, C. (2013). Phenolic compounds and antioxidant 

activities of selected species of seaweeds from Danish coast. Food. Chem., 138(2): 

1670-1681.  

Sadeghi, A.; Rajabiyan, A.; Nabizade, N.; Nezhad, N.M. and Zarei-Ahmady, A. 

(2024). Seaweed-derived phenolic compounds as diverse bioactive molecules: A 

review on identification, application, extraction and purification strategies. Int. J. 

Biol. Macromol., 266(1): 131147.  

Saidani, K.; González-Peña, D.; Giménez, L.; Touati, N.; Bedjou, F.; de Ancos, B. 

and Sánchez-Moreno, C. (2022). Bioactive compounds Identification, antioxidant 



 

Chemical Profile and Antioxidant Power of Secondary Metabolites Extracted from Green, Brown, 

and Red Seaweeds Harvested from Algerian Coast 

 

 

1517 

and antibacterial activities of Algerian marine algae extracts. Curr. Bioact. Compd., 

18(8): 81-93.  

Singh, S.; Singh, L.; Kumar, V.; Ali, W.; Ramamurthy, P.C.;  Dhanjal, D.S.; 

Sivaram, N.; Angurana, R.; Singh, J.; Pandey, V.C. and Khan, N.A. (2023). 

Algae-based approaches for Holistic wastewater management: A low-cost 

paradigm. Chemosphere., 345: 140470.  

Tan, L.T. (2023). Impact of marine chemical ecology research on the discovery and 

development of new pharmaceuticals. Mar. Drugs., 21: 174.  

Torres, P.; Osaki, S.; Silveira, E.; dos Santos, D.Y.A.C. and Chow, F. (2024). 

Comprehensive evaluation of Folin-Ciocalteu assay for total phenolic quantification 

in algae (Chlorophyta, Phaeophyceae, and Rhodophyta). Algal. Res., 80: 103503.  

Vermerris, W. and Nicholson, R. (2006). Isolation and Identification of Phenolic 

Compounds. In: Phenolic Compound Biochemistry, Springer, Dordrecht, pp 151-

191. 

Vijay Sankar, N.P.; Jagtap, A.S.; Baghel, R.S.; Imchen, T. and Manohar, C.S. 

(2023). Elucidation of the antioxidant potential of marine macroalgal biomolecules 

for healthcare applications: current status and future prospects. Marine Antioxidants 

Preparations, Syntheses, and Applications 365-377.  

Zhao, M.; Ma, X.; Liao, X.; Cheng, S.; Liu, Q.; Wang, H.; Zheng, H.; Li, X.; Luo, 

X.; Zhao, J.; Li, F. and Xing, B. (2022). Characteristics of algae-derived biochars 

and their sorption and remediation performance for sulfamethoxazole in marine 

environment. J. Chem. Eng., 430(4): 133092.  

Zhao, W.; Subbiah, V.; Xie, C.; Yang, Z.; Shi, L.; Barrow, C.; Dunshea, F. and 

Suleria, H.A.R. (2023). Bioaccessibility and bioavailability of phenolic 

compounds in seaweed. Food. Rev. Int., 39(8): 5729-5760.  

 

 


