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Our research includes biochemical study, evaluation of anti-oxidant activities and heavy metals contamination in Ulva lactuca 

and Cystoseira stricta collected at the site of Sidi El Adjel (Mostaganem). We registered a total phenol content in Ulva lactuca 

and Cystoseira stricta were 0.383 5.43 mg EAG/g MS respectively. The polyphenols contamination caused the significant 

antioxidant effects on DPPH. The yield of crude extract for petroleum ether were 2 and 8.8% in Ulva lactuca sp and Cystoceira 

stricta, whereas it were 7.9 and 2.07% for the methanol respectively. We noted the ability of studied algae extracts to reduce 

the DDPH. A low total lipid content was 4 and 5.5% in Cystoseira stricta and Ulva lactuca respectively, whereas the appreciable 

crude protein contents wad 21 and 30.6%. Chemical analyzes of our algae reveal levels estimated at 22% in Ulva lactuca sp, and 

19.4% in cystoseira stricta. We estimated high zinc concentrations, which were 187.59 and 298.64 ppm. PS in Cystoseira stricta 

and Ulva lactuca respectively. 
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Introduction  
The algae are the immense rich sources of metabolites including proteins, lipids, antioxidants like the polyphenols. The present 

work is oriented towards a recovery method that has a little exploitation in Algeria. Algae are very diverse and constitute a 

heterogeneous group to the extent that they do not all belong to the same evolutionary path but to very different phylogenetic 

groups, illustrated by large variations in their physiologies and metabolism, reflecting a great genetic diversity (Cabioc, 1992). 

They are used around the world in a broad spectrum (Fleurence,1999) on one hand as a source of food for their high nutritional 

values, justified by the presence of a varied and abundant mineral fraction, that constitutes an important contribution of macro-

elements and trace elements in non-negligible quantity of protein, well balanced in general in amino acids, and a varied vitamin 

content where most of the vitamins are represented in a low lipid fraction. However, in some species that are rich in 

polyunsaturated fatty acids and on the other hand as a bio-indicator of their environment through their bio concentration 

capacities of various dissolved substances in their biotope. The objective of our study is to use these two species as a bio-

indicators to evaluate the metallic contamination of their biotope and to collect some data on the antioxidant activities by the 

method of measuring the capacity of antioxidants to scavenge the radical DPPH. 

Materials and methods 
Green algae (Chlorophyceae) are of very varied forms, uni- or multicellular (Fig. 1). Their plastids are colored in green by 

chlorophylls a and b, which are associated with carotenes and xanthophylls. They can be in ribbons or tubulars form and can 

reach a size of 20 to 30 cm (Wichard, 2015). 
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Fig. 1. A. Ulva lactuca (green algae). B. Cystoseira stricta (brown algae) 
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Cystoseira stricta, which is collected at Sidi Ladjal beach, 50 km from Mostaganem city, located in the west of Algeria, coordinates 

(36°15'16.9"N 0°30'46.6"E), are tree-like, much branched, very bushy brown algae (Fig. 2). 

 
Fig. 2. Study area 

 

Species identification was conducted at the Laboratory of Management and Valorization of Coastal Resources and Laboratory 

of Molecular Systematics. Speceies were treated by washing, cleaning under the running water, air-dried and protected from 

the light in order to preserve the algae biomass. 

Preparation of seaweed extracts. We took 250 ml of each solvent (methanol and light petroleum), along with 50 g of the algae 

sample, and filter through Wattman paper. Then these extracts were collected and concentrated using a rotary evaporator and 

stored in smoked bottles at 4°C until further use. 

Quantitative and nutritional study 

The water content was evaluated by drying in an oven 40 °C for 24 hours. The measurement of the water content was calculated 

by the following formula: 

 

Water content (%) = Fresh weight (FW) - Dry weight (DW) / Fresh weight (FW) x 100. 

 

The raw ash content was determined by incineration of the product (LAB23 I-MET006-Raw ash v 11 2013-02-01-3/5). For the 

determination of total DPPH (2,2-Diphenyl-1-picrylhydrazyl) for two algae extracts, the DPPH free radical scavenging method 

allows us to study the antioxidant activity of the extracts (Benariba et al., 2013). The IC50 value is the concentration which 

ensures the 50% reduction of DPPH and it is determined graphically for each extract from the curve of the percentage reduction 

as a function of the concentration. The dosage of the polyphenols contained in the algae extracts was determined according to 

the method described by (Miliaukas et al., 2004) and the levels are measured in milligrams (mg) standard equivalent (gallic acid) 

per gram of algal material (mg EAG/g). The total lipids determination was based on the principle of cold extraction of the lipids 

by mixture of chloroform/methanol solvent (2/1; v/v) and adding 0.58 % of NaCI aqueous solution, which allows the separation 

of the phases. The determination of crude proteins was carried according to Kjeldahl (1883). For the determination of 

photosynthetic pigments, the extraction of photoreceptor pigments from leaf tissue was carried out by the Arnon method 

(1949). The chlorophyll (a), (b), (a + b) and carotenoid contents were measured in µg/g of MF. 

Ecotoxicological study 

A lethal dose test of Artemia salina LD50 was conducted on cysts of this crustacean with different concentrations of algae 

extracts (20 to 100 µg ml-1). After 24 hours, the number of dead individuals is counted in the test boxes and the control; to 

define the LDc50 lethality dose of each solvent. For the extraction of heavy metals, the plant extracts are prepared by wet 

digestion. Heavy metals (Cu, Pb and Zn) are extracted with aqua regia (sulphonitric solution - hydrogen peroxide) and 

determined by atomic absorption spectrophotometry. 

The yield was calculated using the following equation: 

 

R = (weight of extract / weight of dried algae) * 100 

 

The products have been tested at concentrations ranging from 20, 40, 60, 80 and 100 μg/mL 

Results 
The water content in Ulva lactuca sp was medium (15.25%), and in Cystoseira stricta it was high (64.9%). The crude ash contents 

were 22% and 19.4% respectively. Our results are comparable to work for Ulva lactuca, with respect to the dry matter: 11% 

(Yaich et al., 2011) and 19.6% (Ortiz et al., 2006). The extraction of the secondary compounds after 24 hours of maceration from 

the two algae allowed calculating the yield of the expressed extract as a percentage for 20 g of crushed dried algae. The result 
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obtained for light petroleum is evaluated at 2% and 8.8% in Ulva lactuca sp and Cystoceira stricta respectively; while there are 

7.9% and 2.07% for methanol respectively (Table 1). 

 

Table 1. The different characteristics of the soxhlet method 

 

Species Types of solvents Number of cycles Temperature Yields 

Ulva lactuca Petroleum ether 5 60 2 % 

Methanol 2 57 7.9 % 

Cystoseira stricta Petroleum ether 7 60 0,36% 

Methanol 8 57 2,07% 

 

 

The obtained mortality results during these toxicity tests of the crude products in Artemia salina larvae as a function of the 

concentration and their logarithms are shown in Fig. 3 (A, B). The percentage of mortality of Artemia salina larvae exposed to 

algae extracts reveals that for each concentration subjected to brine and the percentage of mortality increases as a function of 

the concentration. The mortality percentage of Artemia salina larvae exposed to algae extracts reveals that for each 

concentration subjected to brine and the percentage of mortality increases as a function of the concentration. The results 

indicated that the extracts of the Ulva lactucta samples taken from the beach of Sidi Ladjel were not toxic to Artemia salina (Fig. 

3A). While the crude extracts of Cystoseira stricta samples from Sidi Ladjel beach were toxic to Artemia salina, due to high 

concentration of petroleum ether and methanol (Fig. 3B). 

 
                     A: Ulva lactuca extract                                                B: Cystoseira stricta extract 

Fig. 3. Artemia salina mortality at different algae extract concentrations. 

 

The concentrations of Ulva lactucta showed more than 48% of Artemia mortality after 24 hours by the extracts of ether and 

methanol. However, Cystoceira stricta showed more than 80 and 85% Artemia mortality after 24 hours respectively by the 

same extracts. The toxicity of the extracts based on their LD50 was generally imposed as reported by Clarkson et al. (2004) and 

Meyer et al. (1982). We calculated the LD50 lethality dose from various solvent extracts (Table 2, Fig. 4.) 

 

Table 2. LD50 values of algae extracts 

 

Species Extract DL50 (μg/ml) 

Ulva lactuca Ether 48 

Methanol 30 

Cystoseira stricta sp Ether 15.36 

Methanol 39.64 

 

 
Fig. 4. LD50 of algae extracts 



119   Algae and ecotoxicological effect 

Ukrainian Journal of Ecology, 10(4), 2020 

 

 

The toxicity of the extracts based on algae expressed as LD50 is generally valued either by comparison with Meyer or the 

Clarkson toxicity index. According to the Meyer toxicity index, the extracts with LD50 <1000 µg / ml are considered toxic, while 

extracts with LD50> 1000 µg / ml are considered to be non-toxic (Meyer et al, 1982). The results of the anti-free radical effect 

(anti-oxidant activity) of algae extracts are evaluated by tests based on the total anti-oxidant capacity and the DPPH free radical 

scavenging (Fig. 5). There is an increase in anti-radical activity proportional to the increase in the concentration of the extract 
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Fig. 5. Percentage inhibition of DPPH. A. Extract of Ulva lactuca sp. B. Extract of  Cystoseira stricta sp 

 

For the extract of Ulva lactuca, there is a low percentage reduction of DPPH (2%) at low concentration (100 µg/ml), whereas at 

moderately high concentrations (500 µg/ml), it shows 15 % of DPPH reduction. Regarding the extract of Cystoceira stricta, at 

low concentration (466 µg/ml), the extract shows a low percentage reduction in DPPH evaluated at 15.11%, while at moderately 

high concentrations (621 µg/ml), the extract exhibits higher DPPH reduction percentages which varies up to 61.14%, reflecting 

an anti-free radical effect. The total polyphenol content is determined from the equation of the linear regression of the 

calibration curve expressed in μg equivalent of gallic acid (mg EAG) per g of dry matter (DM) (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Gallic acid calibration curve for the determination of total phenols 

 

The content of polyphenols can serve as an important indicator of antioxidant capacity and be used as a preliminary selection 

for any product when it is intended as a natural source of antioxidants in functional foods (Mezghani et al., 2013; Viuda-Martos 

et al., 2011). The analysis of the poly-phenols shows that the extracts obtained from Ulva lactuca and Cystoseira stricta have 

total phenol contents of 0.383 mg EAG/g (DM) and 5.43 mg EAG/g (DM) respectively. The total phenol content of our extracts 

remains comparable with the work of (Sadati et al., 2011) and (Zubia et al., 2009) on the species Cystoseira myrica and 

Cystoseira tamariscifolia where the contents are 10.08±1.13 mg EAG/g (MS) and 10.91±0.07 mg EAG/g (MS), respectively. The 

lipid contents in algae vary between species, geographic location, season, temperature, salinity, light intensity, but also the 

interaction between these factors and finally the extraction method used (Yaich et al., 2011; Satpati, 2011; Sanchez-Machado 

et al., 2004 a, b). According to (Fleurence,1999), the protein content in marine algae in general varies between 10 and 21%, but 

also varies greatly between species (De Oliveira et al., 2009; Dawczynski et al., 2007), depending on the seasons and 

environmental conditions. Our results (Table 3) are close to those of (Makkar et al., 2016; Shuuluka et al., 2013; Arasaki, 1983 

in Fleurence, 1999) which suggest protein contents up to 30% in green algae while that in brown algae have low levels of about 

3 to 15% (DM). 
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Table 3. Total lipids and crude protein contents of studied algae  

 

Species Total Lipids Crude protein 

Ulva lactuca 5.5% 30.6%. 

Cystoseira stricta 4% 21% 

 

However, the industrially exploited green macroalgae (Laminaria digitata, Ascophylum nodosum, Fucus vesiculosus and 

Himanthalia elongata) have a lower protein content (15% DM) except for the species Undaria pinnatifida (Wakame) that have 

a variable protein level of 11 to 24% DM (Fleurence, 1999). The contents of chlorophylls a and b and the content of carotenoids 

are shown in Table 4, expressed in μg/g of MF. 

 

Table 4. Chlorophyll (a), (b) and carotenoid content. 

 

Algae species  CHla CHlb CHla + CHlb Cart 

Ulva lactuca 1.89 2.27 4.19 -0,95 

Cystoseira stricta 0,83 1,70 5,59 -0,468 

 

Our analysis revealed the presence of xenobiotics (Cu, Pb and Zn) in Cystoseira stricta (Table 5), which shows that zinc had the 

highest concentration (298.642 ppm. PS), which in fact is a non-toxic metal, but it can cause physiological disturbances at high 

concentrations. We also registered high level copper and lead (169.09 and 83.0967 ppm. P.S correspondingly). 

 

Table 5. Average concentrations of heavy metals in µg/g PS of dry weight in studied algae  

 

Species Zinc  (Zn) Copper (Co) Lead (Ld) 

Ulva lactuca 298.64 169.09 83.09 

Cystoseira stricta 187.59 109.65uld be  97.0 

 

Our results are almost similar to previous research. The metal contents in the tissues of algae, depending mainly on the 

differences in biological cycles and the conditions of the bioavailability of the metals, since algae accumulate Zn and Cu easily 

from seawater (Bennasser et al., 2000; Ho, 1988). Metal concentrations vary not only among algal species, but also within the 

same species from different sites. These variations are related to the tissue age, life cycle, and ambient metal concentrations. 

The influence of physicochemical speciation of dissolved metals, and the content of mineral salts and nutrients in ambient 

water on the zinc contents in marine algae should be studied. 

Conclusion 
Our research includes biochemical study, evaluation of anti-oxidant activities and heavy metals contamination in Ulva lactuca 

and Cystoseira stricta collected at the site of Sidi El Adjel (Mostaganem). We registered a total phenol content in Ulva lactuca 

and Cystoseira stricta were 0.383 5.43 mg EAG/g MS respectively. The polyphenols contamination caused the significant 

antioxidant effects on DPPH. The yield of crude extract for petroleum ether were 2 and 8.8% in Ulva lactuca sp and Cystoceira 

stricta, whereas it were 7.9 and 2.07% for the methanol respectively. We noted the ability of studied algae extracts to reduce 

the DDPH. 

A low total lipid content was 4 and 5.5% in Cystoseira stricta and Ulva lactuca respectively, whereas the appreciable crude 

protein contents wad 21 and 30.6%. Chemical analyzes of Artemia mortality levels caused by the algae estimated at 22% in 

Ulva lactuca sp and 19.4% in Cystoseira stricta. We estimated high zinc concentrations, which were 187.59 and 298.64 ppm. PS 

in Cystoseira stricta and Ulva lactuca respectively. 

Acknowledgments 
We thank reviewers for their comments and suggestions. We are grateful to all persons, who contributed to the field and lab 

analysis. We thank the MESRS and the DGRSDT for supporting and funding this work 

 

References 

 
Ainane, T. (2011). Valorisation de la biomasse algale du Maroc: potentialités pharmacologiques et applications 

environnementales: cas des algues brunes Cystoseira tamariscifolia et Bifurcaria bifurcata. Thèse de doctorat en chimie 

Université, Hassan II -Casablanca, Maroc. 

Arasaki, S. & Arasaki, T. (1983). Low Calorie, High Nutrition Vegetables from the Sea to Help You Look and Feel Better (Vol. 60). 

Japan Publications, Tokyo. 

Arnon, D.I. (1949). Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant Physiology,  

+4, 1-15 



121   Algae and ecotoxicological effect 

Ukrainian Journal of Ecology, 10(4), 2020 

 

 

Benariba, N., Djaziri, R. & Bellakhdar, W. (2013). Phytochemical screening and free radical scavenging activity of Citrullus 

colocynthis seeds extracts. Asian Pac J Trop Biomed, 3, 35-40. 

Bennasser, L., Fekhaoui, M., Mameli, O. & Melis, P. (2000). Assessment of the metals contamination of the low Sebou sediments 

(Morocco). Annali di Chimica, 90, 637-644. 

Cabioc'h, J., Floc'h., J.Y., Toquin, A. Le, Boudouresque, C.F., Meinesz, A., Verlaque, M. (2006). Guide des algues des mers 

d'Europe. Delachaux et Niestlé. Paris. 

Clarkson, P., Li, Y. & Richardson, G. (2004).The market valuation of environmental expenditures by pulp and paper companies. 

The Accounting Review, 79, 329-353. 

Dawczynski, C., Schubert, R. & Jahreis, G. (2007). Amino acids, fatty acids, and dietary fibre in edible seaweed products. Food 

Chem, 103, 891-899. 

De Oliveira, M N., Ponte Freitas, A L., Urano Carvalho, A F., Tavares Sampaio, TM., Farias, D F., Alves Teixeira, D I., Gouveia, S T., 

Gomes Pereira, J. & De Castro Catanho de Sena, M M. (2009). Nutritive and non-nutritive attributes of washed-up seaweeds 

from the coast of Ceará, Brazil. Food Chem, 115, 254-259. 

Fleurence, J. (1999). Seaweed proteins: biochemical, nutritional aspects and potential uses. Trends Food Sci Tech. 10, 25-28. 

Ho, J-S. (1988). Phylogenetic analysis of the Eudactylinidae (Crustacea: Copepoda: Siphonostomatoida), with descriptions of two 

new genera. Proceedings of the Biological Society of Washington, 101, 317-339. 

Kjeldahl, J. (1883). A New Method for the Determination of Nitrogen in Organic Matter, 22, 366-382. 

Mabeau, S. & Fleurence, J. (1993). Seaweed in food products: Biochemical and nutritional aspects. Trends Food Sci Tech. 4, 103-

107. 

Mac Artain, P., Gill, C.I.R., Brooks, M., Campbell, R. & Rowland, I.R. (2007). Nutritional Value of Edible Seaweeds. 535-543. 

Makkar, H. P., Tran, G., Heuzé, V., Giger-Reverdin, S., Lessire, M., Lebas, F. & Ankers, P. (2016). Seaweeds for livestock diets: a 

review. Animal Feed Science and Technology, 212, 1-17. 

Meyer, B.N., Ferrigini, R.N., Putnam, J.E., Jacobsen, L.B. & Nichols, D.E., McLaughlin, J.L. (1982). Brine shrimp: A convenient 

general bioassay for active plant constituents. Planta Medica, 45, 31- 35. 

Mezghani, S., Bourguiba, I., Hfaidh, I. & Amri, M. (2013). Antioxidant Potential of Ulva rigida Extracts: Protection of HeLa Cells 

Against H2O2 Cytotoxicity. The Biological Bulletin, 225, 1-7. 

Michel, T., Destandau, E., Le Floch, G., Lucchesi, M.E. & Elfakira, C. (2012). Antimicrobial, antioxidant and phytochemical 

investigations of sea buckthorn (Hippophaë rhamnoides L.) leaf, stem, root and seed, Food Chemistry, 131(3), 754-760. 

Miliaukas, G., Venskutonis, P.R. & Van Beek, T.A. (2004). Screening of radical scavenging activity of some medicinal and aromatic 

plant extract. Food chemistry, 85, 231-237. 

Ortiz, J., Romero, N., Robert, P., Araya, J., Lopez-Hernandez, J., Bozzo, C., Navarrete, E., Osorio, A. & Rios, A. (2006). Dietary fiber, 

amino acid, fatty acid and tocopherol contents of the edible seaweeds Ulva lactuca and Durvillaea antarctica. Food Chem, 

99, 98-104. 

Reza Jassbi, A., Mohabati, M., Eslami, S., Sohrabipour, J., Miri, R. (2013). Biological activity and chemical constituents of red and 

brown algae from the persian Gulf. Iranian Journal of Pharmaceutical Research, 12(3), 339-348. 

Sadati, M., Pourkazemi, M., Shakurian, MHS., Hasani, HR. & Pourali. (2011). Journal of Applied Ichthyology, 27(2), 591-594. 

Sanchez-Machado, D.I., López-Cervantes, J., López-Hernandez, J. & Paseiro-Losada, P. (2004a). Fatty acids, total lipid, protein 

and ash contents of processed edible seaweeds. Food Chem, 85, 439-444. 

Sanchez-Machado, D.I., Lopez-Hernandez, P., Paseiro-Losada, P. & Lopez-Cervantes, J. (2004b). An HPLC method for the 

quantification of sterols in edible seaweeds Biomedical Chromatography, 18, 183-190. 

Satpati, G. PR. (2011). Biochemical composition and lipid characterization of marine green alga Ulva rigida- a nutritional 

approach. Journal of Algal Biomass, 2, 10-13. 

Shuuluka, D. B, Anderson, J. (2013). Protein content, amino acid composition and nitrogen-to-protein conversion factors of Ulva 

rigida and Ulva capensis from natural populations and Ulva lactuca from an aquaculture system, in South Africa. J Apply 

Phycology, 25, 677–685. 

Tefiani, C. (2015). Les propriétés biologiques des huiles essentielles de Curcuma longa, Ammoides verticillata et Thymus ciliatus 

sp. eu-ciliatus. Thèse de Doctorat en sciences de l’université de Mostaganem. 145 p. 

Viuda-Martos, M., Mohamady, M.A., Fernandez-Lopez, J., Abd El Razik, K.A., Omer, E.A., Pérez-Alvarez, J.A & Sendra, E.(2011). In 

vitro antioxidant and antibacterial activities of essential oils obtained from Egyptian aromatic plants. Food Control, 22, 

1715-1722. 

Wichard, T. (2015). Algal of the year 2015: The Sea Lettuce Ulva only gets into shape with the right bacteria. Website of the 

Phycology Section of the German Botanical Society. 

Yaich, H., Garna, H., Besbes, S., Paquot, M., Blecker, C. & Attia, H. (2011). Chemical composition and functional properties of 

Ulva lactuca seaweed collected in Tunisia. Food Chem, 128, 895-901. 

Zubia, M., Fabre, M.S., Kerjean, V., Lann, K.L., Pouvreau, V.S., Fauchon, M. & Deslandes, E. (2009). Antioxidant and anti-tumoural 

activities of some Phaeophyta from Brittany coasts. Food Chem, 116, 693-701. 

 
 

Citation: 

Borsali, S., Baaloudj, A., Kerfouf, A. (2020). Biochemical study of Ulva lactuca and Cystoseira stricta from Mostaganem coastline (Western Algeria). 

Ukrainian Journal of Ecology, 10(4), 116-121. 

 This work is licensed under a Creative Commons Attribution 4.0. License 
 

 


