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Abstract:  
Microalgae are microscopic and ubiquitous organisms that present an enormous biodiversity. They have the 

ability to perform photosynthesis and produce about half of the atmospheric oxygen. These microorganisms 

produce also different biologically active metabolites that give them a large number of applications such human 

and animal nutrition, cosmetics, pharmaceutical, biofuels production, environmental management such as 

wastewater treatment, bioremediation, capture of CO2 and in agriculture as atmospheric N2-fixer, phosphate 

solubiliser and source of various plant-growth biostimulant. Recently, interest in microalgae research has 

increased in various fields and the microalgae sector is very dynamic throughout the world. Nevertheless, it is 

still under-exploited in Morocco, even if the potential remains important due to favorable climatic conditions 

and to its specific geographical position: The Mediterranean Sea to the north, the Atlantic Ocean to the west. 

There are five new industries producing only Spirulina and derivatives. This review presents an overview of the 

main research works that have been conducted on microalgae in Morocco, the biodiversity of isolated species 

and their different areas of exploitation. 
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I. Introduction  
 Microalgae are unicellular, microscopic (2–200 µm), photosynthetic organisms that grow in a range of 

aquatic habitats, including saline and freshwater environments
1,2

. They are mostly eukaryotic although the 

prokaryotic cyanobacteria (blue-green algae) are frequently classified as algae
3,4

. They are ubiquitous with high 

adaptivity even under harsh environments such as high temperature or high salinity
5
. It has been estimated that 

over 800,000 species of microalgae exist. However, only about 50 000 have been described in the literature 

underscoring their incredible diversity
6
. Classification of microalgae has traditionally been conducted by 

pigmentation, life cycle, and basic cellular structures, nevertheless, molecular methods such as denaturing gel 

electrophoresis and next-generation sequencing are emerging techniques in detecting and classifying new 

species of microalgae
4,7

. They are categorized into four main classes in terms of abundance: diatoms 

(Bacillariophyceae), green algae (Chlorophyceae), blue-green algae i.e., Spirulina (Arthrospira platensis and 

Arthrospira maxima) and golden algae (Chrysophyceae)
1
.  In recent decades, there has been a great trend for 

research and industrial applications of marine compounds and biotechnology
8,9

. Among the large spectrum of 

marine organisms, microalgae represent a promising source for several bioactive compounds that give them a 

large number of applications in various fields such as human or animal nutrition, pharmaceutical, cosmetics or 

production of clean energy (biodiesel, biogas, bioethanol)
1,2,8

. The wide diversity of compounds synthesized 

from different metabolic pathways of fresh and marine water algae provide important sources of fatty acids, 

steroids, carotenoids, polysaccharides, lectins, mycosporine-like amino acids, halogenated compounds, 

polyketides, toxins, agar agar, alginic acid and carrageenan
2
. It is also important to note that many of these 

compounds present very specific and complex chemical structures that makes often too difficult to reproduce 

them by hemi-synthesis or complete synthesis
10

. 
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The microalgae sector is very dynamic throughout the world but it is still under-exploited in Morocco 

although that it has important potential due to its geographical location: the North Atlantic Ocean to the west 

and the Western Mediterranean Sea to the north. This is essentially what affirms a new study of the Institute of 

prospective economic world of the Mediterranean (IPEMED)
11

. Only 5 companies (Figure no 1) producing 

microalgae and derivatives have been identified in the Kingdom against 7 in Portugal, 15 in Spain and 21 in 

France. And if the market for Spirulina seems mature, the microalgae sector could be more promising with the 

experiments in the production of third generation biofuels currently conducted in the South
11,12

. This work is the 

first review presenting an overview of the main researches that have been conducted on microalgae in Morocco, 

the biodiversity of isolated species and their different areas of exploitation. 

 

 
Figure no 1: Distribution of microalgal biomass produced in Morocco

12
. 

 

Microalgae For Biodiesel Production 
Recently, there has been an increasing interest in microalgae due to the world energy crisis depleting 

world fossil-fuel reserves and increasing demands for renewable and clean energy. Microalgae are one of the 

most promising sources of biomass for biodiesel production due to their high photosynthetic efficiency, fast 

growth and high lipid content
13

. Transesterification using homogeneous and heterogeneous catalysts and in situ 

transesterification are possible methods to produce biofuel from microalgae lipids
14

. Analyses of thousands of 

microalgal species have shown tremendous difference in lipid content among different strains. Table no 1 

illustrates this difference between some microalgae species. Moreover, the lipid content, lipid class and fatty 

acid composition fluctuate under different culture conditions for any one microalgal strain
15–18

.  

In Morocco, the screening of biodiesel producing microalgae has been done in some works
19–21

. The 

most interesting one was conducted by El Arroussi et al.
19

. They screened 57 marine microalgae isolated from 

the Moroccan coasts in order to find interesting candidates for a large scale biodiesel production. These 

microalgae belong to different genera (Nannochloropsis, Chlorella, Dunaliella, Isochrysis, Phaeodactylium, 

Chaetoceros, Navicula, and Tetraselmis). According to the criteria of growth and lipid rate, Nannochloropsis sp, 

Dunaliella tertiolecta, Isochrysis sp and Tetraselmis sp were selected as potential microalgae for biodiesel 

production. Selection criteria included also fatty acids profile, robustness and ease of culture. Moreover, they 

improved the potential of Dunaliella tertiolecta for biodiesel production by auxin treatment coupled to salt 

stress and by Nitrate reductase inhibition (Nitrogen stress)
20,22

. These treatments stimulate significantly biomass 

and lipid accumulation providing an increase in productivity and could eventually reduce cost of projects at 

commercial scale
20

.  

It is well known that an economically viable large-scale production of microalgae requires: i) warm 

temperature (25-30 °C), ii) proximity to sea water to not compete with agricultural resources, iii) availability of 

non-arable lands to avoid conflict with food production. Several regions of the south of Morocco (from Agadir 

to Dakhla) respond to these criteria. Culture systems can be raceways because of the low rainfall recorded in 

these areas over the year. In this local climate and using a productive microalgae strain, biomass productivity 

can reach 125-250 tones/ha/year with 94 000 liters of biofuels for each ha
23

. This represents a huge potential to 

exploit in order to develop microalgae-based biodiesel in Morocco. Nevertheless, no large-scale project has 

been carried out until know probably due to the lack of funding structure for pilot/industrial projects 

subvention
12

. 
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Table no 1: Some microalgal species with relatively high lipid content
24

 

Microalgae species Lipid content (%, w/w) 

Chlorella protothecoides  

Chlorella sorokiniana  
Chlorococcum sp.  

Dunaliella salina  

Ellipsoidion sp. 
Nannochloropsis sp. 

Nannochloropsis oculata 

Neochloris oleoabundans 
Pavlova salina 

Pavlova lutheri 
Phaeodactylum tricornutum 

Scenedesmus sp. 

15–58 

19–22 
19 

6–25 

27 
21-36 

22-30 

29–65 
31 

36 
18–57 

20-21 

 

Role Of Microalgae In Agriculture 
Microalgae also have different applications in various areas of agriculture. They show positive impacts 

on soil quality for sustainable agriculture
25

. Microalgae increase the soil fertility by increasing the overall soil 

microbial activity and facilitating better microbial interactions, as they support the growth of beneficial 

microbes
26,27

. Recent studies revealed that microalgal biofertilizers play a significant role in seed germination, 

plant growth, improvement of soil fertility, nutritional value and crop yield
25

. Algal biofertilizers allowed also 

biocontrol of plant pathogens, besides their use as nutrient supplements
25

. Moreover, microalgae present 

promising potentials for the development of new products for plant growth stimulation 
28,29

. 

In Morocco, few interesting works have been done regarding the use of microalgae in agriculture 

(Table no 2). Microalgae polysaccharide extracts tested in these works have shown positives effects on plants 

growth and crop yields, plants tolerance to salt stress and their defense mechanisms
30–32

.  Five microalgae were 

screened: Dunaliella salina, Chlorella vulgaris, Chlorella sorokiniana, Chlamydomonas reinhardtii and 

Spirulina platensis (Cynanobacteria).  D. Salina exopolysaccharides stimulated the growth of wheat and tomato 

and enhanced the tolerance of plants to salt stress of 3 and 6 g L
-1

 NaCl
30

.  The total polysaccharides extract 

(TPE) from Spirulina platensis was applied to tomato and pepper plants. This treatment increased the plants 

size, the size and number of nodes per plant
33

. Moreover, the effect of the TPE treatment on roots weight was 

more pronounced in tomato plants (improvement of 230%) than pepper plants (improvement of 67%)
33

. 

While the crude polysaccharides extracted from the four green microalgae strains (Chlorella vulgaris, 

Chlorella sorokiniana, Dunaliella salina and Chlamydomonas reinhardtii) was injected into tomato plants to 

investigate their biostimulatory effects on different metabolic and biochemical pathways related to plant 

defense
31,32

. This treatment results showed that microalgae polysaccharides modulate the tomato lipid content by 

increasing polyunsaturated fatty acids content, stearic acid, palmitic acid, and very long chains fatty acids 

content
31,32

. Key defense enzymes such as β-1,3-glucanase, phenylalanine ammonia lyase and lipoxygenase 

were also stimulated with microalgae polysaccharides which suggest that these molecules present a promising 

renewable bio resource in the development of plant biostimulants. 

 

Microalgae For Wastewater Treatment 

Morocco as many countries of the Middle East and North Africa (MENA) are affected by water 

scarcity
34,35

. The reuse of treated wastewater for irrigation could be an alternative solution for a better water 

resources economy and could improve crop productivity and environmental sustainability
36

. Microalgae-based 

wastewater treatment technologies have shown many advantages in recent years to treat different water effluents 

(Municipal, agricultural or industrial)
37

. Microalgae are able to remove nitrogen and phosphorus (causing 

eutrophication) and to reduce both chemical and biochemical oxygen demand
38

. Microalgae cultures offer also 

an elegant solution to remove pathogens, some toxic organic compounds and toxic minerals such as lead, 

cadmium, mercury, scandium, tin, arsenic and bromine
1,34

. Therefore, it does not lead to secondary pollution. A 

large amount of algal species has been  used in wastewater treatment. The most tolerant genera were found to be 

Euglena, Oscillatoria, Chlamydomonas, Scenedesmus, Chlorella, Nitzschia, Navicula and Stigeoclonium
34

. 

In Morocco, the main uses of microalgae in wastewater treatment processes have concerned the biosorption of 

metals (Cd, Cr, Cu and Zn) and the elimination of faecal coliforms, certain pathogens (Salmonella, Vibrio 

cholerae) and helminth eggs. The microalgae used in these works belong to the genera of Chlamydomonas, 

Scenedesmus, Chlorella, Planothidium and Synechococcus (cyanobacteria) (Table no 3).  Mezrioui and Oudra
39

 

have reported other microalgae that have been used to treat wastewater by stabilization ponds under the arid 

climate of Marrakesh city (Morocco) (Table no 4).  
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Table no 2: Moroccan microalgae used in agriculture. 
Microalgae Crop Effects Reference 

Dunaliella salina Wheat (Triticum aestivum L.)  Stimulate germination and seedling growth 

in wheat  under salt stress. 

30  

 Spirulina platensis Tomato (Solanum lycopersium) and 

pepper (Capsicum annum) 

Increase plants size, roots weight and the 

size and number of nodes.  

33 

Dunaliella salina  

 

Tomato (Solanum lycopersicum) Enhance tomato tolerance to salt stress and 

stimulate its growth. 

31  

Chlorella vulgaris, 

Chlorella sorokiniana, 

Dunaliella salina,  
Chlamydomonas reinhardtii 

Tomato (Solanum lycopersicum) Biostimulate tomato defense 

 

32 

 

Table no 3: Microalgae used in wastewater treatment in Morocco and their effects 
Microalgae Source Effects Reference 

Planothidium lanceolatum Freshwater of Tensift River, 

Marrakech region 

Biosorption of metals (Cd, Cu and Zn). 

 

40
 

Chlorella sorokiniana 
Synechococcus elongatus 

Synechocystis parvula 

Wastewater stabilization ponds 
of Marrakesh 

Remove E. coli and Vibrio cholerae. 41 

Chlamydomonas reinhardtii 
Chlorella pyrenoïdosa 

Scenedesmus quadricauda 

Urban effluent of Fez city - Remove phosphate and nitrogen; 
- Uptake of chromium and cadmium. 

42 

Microalgae mixture Rabat city wastewater - Biochemical oxygen demand, phosphate and 

nitrogen removal; 

- Removal of faecal coliforms, faecal 
streptococcus, pathogens (Salmonella sp) and 

helminth egg (nematodes) particularly those of 

the Ascaris and Trichuris genera. 
 

43 

 

Table no 4: Algal inventory in Marrakech wastewater stabilization ponds
39

 

Division and order Species 

Euglenophyta 

Euglenales 
 
Euglena clavata  

Euglena pseudoviridis  
Euglena viridis 

Euglena pisciformis  

Chlorophyta 

Volvoccales 
Chlorococcales 

 

Chlamydomonas sp 
Chlorella sorokiniana  

Micractinium pusillum  

Coelastrum sp 

Chrysophyta 

Pennales 

 

Nitzschia umbonata  

Cyanophyta 

Oscillatoriales 
 

Chroococcales 

 

Oscillatoria irrigua 
Oscillatoria sp 

Synechococcus elongatus  

Synechocystis parvula  

 

Wastewater treatment with microalgae is particularly attractive and conform the new trends of 

wastewater treatment in future specially in some advanced world nations
34

. In Morocco, it should be noted that 

the semi-arid climate is very well suited to the growth of these photosynthetic microorganisms. However, more 

research is needed on the design and operation of microalgae-based wastewater treatment process to be more 

economical and more used.  

 

Antibacterial Activity From Microalgae 
Massive use of antibiotics has played an important role in the rapid emergence of antibiotic 

resistance
44

. Multidrug resistance is actually one of the greatest threats to global health, food security, and 

development worldwide
44

. Recently, new mechanisms of antibiotic resistance are appearing and compromising 

the ability to treat infections and have forced the efforts to find new antibacterial substances
45–47

. Numerous 

studies have shown that microalgae are a natural and important source of bioactive substances with proven 

antibacterial actions
48

. The screening for antimicrobial compounds from microalgae began in the 1950s
49

. 

However, in the last decade, large screening programs have been conducted to assess the potential antimicrobial 
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activity of numerous microalgal species from distinct taxonomical groups originating from various areas
50

. The 

antimicrobial activity of microalgae has been attributed to different compounds including fatty acids
50

, indoles, 

terpenes, acetogenins, phenols
51,52

, pigments (phycobiliproteins)
53

 or chlorophyll derivatives
54

, 

polysaccharides
55

, and also nanoparticles
56

. These various compounds present different mechanisms to inhibit 

bacterial growth
48

. Furthermore, the antibacterial efficiency of a compound can be different depending on the 

Gram type of the bacteria, the (G−) bacteria appeared to be more resistant to several antibiotic compounds than 

the (G+) bacteria)
48

. Last, the production of these compounds can change depending on the culture conditions 

and growth
57,58

. Their chemodiversity is also very important, this variability is species- but also isolate-

dependent
48

.  

In Morocco, and despite the great capacity of microalgae to produce antimicrobial substances, they 

have only been studied in a single work carried out by Maadane et al.
59

. Nine marine microalgae screened from 

Moroccan coastlines were selected for this study. They were identified as: Nannochloropsis gaditana, 

Dunaliella salina, Dunaliella sp., Phaedactylum tricornutum, Isochrysis sp., Navicula sp., Chaeotoceros sp., 

Chlorella sp. and Tetraselmis sp. Their ethanolic extracts were evaluated against the bacteria: Escherichia coli, 

Pseudomonas aeruginosa and Staphylococcus aureus, the yeast Candida albicans and the fungus Aspergillus 

niger (Table no 5). The highest antibacterial activity was found in Tetraselmis sp. extract which exhibited an 

inhibitory effect against both the (G−) and the (G+) bacteria. Extracts from Dunaliella salina, Nannochloropsis 

gaditana, Dunaliella sp., Phaeodactylum tricornutum and Isochrisis sp. each showed inhibitory activity against 

E. coli or P. aeruginosa. However, the ethanolic extracts from Chaetoceros sp. and Chlorella sp. showed no 

effect under the applied experimental conditions. The extract of N. gaditana also inhibited S. aureus growth. 

The growth of C. albicans was inhibited by all the tested extracts while Aspergillus niger appeared to be 

insensitive
59

. These results show that marine microalgae are a potential natural source of bioactive compounds 

with antimicrobial activities, hence the need to continue the research and the isolation of new microalgae strains 

from Moroccan coastlines. 

 

Table no 5: Antimicrobial activities of ethanolic extracts of nine Moroccan marine microalgae 
Microalgae  E. coli  P. aeruginosa  S. aureus C. albicans    A. niger 

Tetraselmis sp  + + + + - 

Dunaliella Salina  + + - + - 

Nannochloropsis gaditana  + + + + - 

Chlorella sp  - - - + - 

Dunaliella sp.  + + + + - 

Navicula sp.  + + + + - 

Phaeodactylum 

tricornutum  

+ + + + - 

Chaetoceros sp.  - - - + - 

Isochrisis sp.  + + - + - 

(-): absence of antimicrobial effect; (+): presence of antimicrobial effect. 

 
II. Conclusion 

Microalgal biotechnology has become a subject of research and study throughout the world for various 

fields simply by using their photosynthetic machinery to capture the light energy and use minimal nutrients to 

produce various bioactive metabolites. In Morocco, due to the mild climatic conditions and to its specific 

geographical position, microalgae present an interesting natural resource to promote locally. However, even if 

the potential remains important, the microalgae sector is still under-exploited in Morocco and Spirulina is the 

only microalgae produced. The use of microalgae in the fields of agriculture, food industry, medical, 

aquaculture and wastewater treatment requires more encouragement and funding to be developed in Morocco. 

 

References 

[1]. Venkatesan, J., P. Manivasagan and S.K., Kim,  2015. Marine microalgae biotechnology: present trends and future advances. In: Se-

Kwon K (ed) Handbook of Microalgae: Biotechnology Advances. Pukyong National University, Busan, South Korea, pp 1-9. DOI: 

10.1016/B978-0-12-800776-1.00001-7. 
[2]. Sathasivam, R.,  R. Radhakrishnan, A. Hashem and E.F. Abd_Allah, 2019. Microalgae metabolites: A rich source for food and 

medicine. Saudi J. Biol. Sci., 26: 709–722. DOI: 10.1016/j.sjbs.2017.11.003 

[3]. Greenwell, H. C., L.M.L. Laurens, R.J. Shields, R.W. Lovitt and K.J. Flynn, 2010. Placing microalgae on the biofuels priority list: 
A review of the technological challenges. J. R. Soc. Interface., 7: 703–726. DOI: 10.1098/rsif.2009.0322 

[4]. Mutanda, T., D. Ramesh, S. Karthikeyan, S. Kumari, A. Anandraj and F. Bux, 2011. Bioprospecting for hyper-lipid producing 

microalgal strains for sustainable biofuel production. Bioresour. Technol., 102: 57–70. DOI: 10.1016/j.biortech.2010.06.077 
[5]. Chen, C.H. and D.S, Berns, 1978. Comparison of the stability of phycocyanins from thermophilic, mesophilic, psychrophilic and 

halophilic algae. Biophys. Chem., 8: 203–213. DOI: 10.1016/0301-4622(78)87002-1 

[6]. Mata, T.M., A.A. Martins and N.S. Caetano, 2010. Microalgae for biodiesel production and other applications: A review. Renew.  
Sustain. Energy Rev., 14: 217–232. DOI: 10.1016/j.rser.2009.07.020 



A Review of Moroccan Microalgae and Their Exploitation Fields 

DOI: 10.9790/2402-1407015359                            www.iosrjournals.org                                                 58 | Page 

[7]. Ebenezer, V., L.K. Medlin and J.S. Ki, 2012. Molecular detection, quantification, and diversity evaluation of microalgae. Mar. 

Biotechnol., 14: 129–142. DOI: 10.1007/s10126-011-9427-y 

[8]. Bhatnagar, I. and S.K. Kim, 2010. Immense essence of excellence: Marine microbial bioactive compounds. Mar. Drugs., 8: 2673–
2701. DOI: 10.3390/md8102673 

[9]. Suleria, H.A.R., S. Osborne, P. Masci and G. Gobe, 2015. Marine-based nutraceuticals: An innovative trend in the food and 

supplement industries. Mar. Drugs., 13: 6336–6351. DOI: 10.3390/md13106336 
[10]. Borowitzka, M. A., 1995. Microalgae as sources of pharmaceuticals and other biologically active compounds. J. Appl. Phycol., 7: 

3–15. DOI: 10.1007/BF00003544 

[11]. Rastoin, J.-L, 2016. Le secteur des micro-algues en Méditerranée: Perspectives et contribution au développement durable. Etudes 
Anal. IPEMED. Available from: http://www.ipemed.coop/imgedit/IPEMED_Etudes et Analyses_Rapport microalgues.pdf 

[Accessed 07 mai 2020]. 

[12]. Wahby, I., L. Rhazi, R. Hassikou and M. Arahou, 2018. Microalgal biomass : a promising source of clean energy in Morocco. Appl. 
J. Envir. Eng. Sci., 2: 109–122. 

[13]. Miao, X., Q.Wu and C. Yang, 2004. Fast pyrolysis of microalgae to produce renewable fuels. J. Anal. Appl. Pyrolysis., 71: 855–

863. DOI: 10.1016/j.jaap.2003.11.004 
[14]. Lam, M. K. and K.T. Lee, 2012. Microalgae biofuels: A critical review of issues, problems and the way forward. Biotechnol. Adv., 

30: 673–690. DOI: 10.1016/j.biotechadv.2011.11.008 

[15]. Emdadi, D. and B. Berland, 1989. Variation in lipid class composition during batch growth of Nannochloropsis salina and Pavlova 
lutheri. Mar. Chem., 26: 215–225. DOI: 10.1016/0304-4203(89)90004-2 

[16]. Peeler, T. C., M.B. Stephenson, K.J. Einspahr and G.A. Thompson, 1989.  Lipid characterization of an enriched plasma membrane 

fraction of Dunaliella salina grown in media of varying salinity. Plant Physiol., 89: 970–976. DOI: 10.1104/pp.89.3.970 
[17]. Reitan, K. I., J.R. Rainuzzo and Y. Olsen, 1994. Effect of nutrient limitation on fatty acid and lipid content of marine microalgae. J. 

Phycol., 30: 972–979. DOI: 10.1111/j.0022-3646.1994.00972.x 

[18]. Khozin-Goldberg, I. and Z. Cohen, 2006. The effect of phosphate starvation on the lipid and fatty acid composition of the fresh 
water eustigmatophyte Monodus subterraneus. J. Phytochem., 67: 696–701. DOI: 10.1016/j.phytochem.2006.01.010 

[19]. El Arroussi, H., R. Benhima, N. El Mernissi, R. Bouhfid, C. Tilsaghani, I. Bennis and I. Wahby, 2017. Screening of marine 

microalgae strains from Moroccan coasts for biodiesel production. Renew. Energy., 113: 1515–1522. DOI: 
10.1016/j.renene.2017.07.035 

[20]. Benhima, R. El Arroussi, H., Kadmiri, I. M., El Mernissi, N., Wahby, I., Bennis, I., Smouni, A., Bendaou, N., 2018. Nitrate 

reductase inhibition induces lipid enhancement of Dunaliella tertiolecta for biodiesel production. Sci. World J., 2018: 1-8. DOI: 
10.1155/2018/6834725 

[21]. Asli, A.El., N.E. Mesbahi, R. Oubakalla, L.E. Fels, M. Hafidi and Y. Liang, 2019. Domestic wastewater treatment and lipid 

accumulation for biodiesel production by an isolated heterotrophic microalgae from an arid climate zone. Asia J. Appl. Microbiol., 
6: 1–9. DOI: 10.18488/journal.33.2019.61.1.9 

[22]. El Arroussi, H., R. Benhima, I. Bennis, N. El Mernissi and I. Wahby, 2015. Improvement of the potential of Dunaliella tertiolecta as 

a source of biodiesel by auxin treatment coupled to salt stress. Renew. Energy., 77: 15–19. DOI: 10.1016/j.renene.2014.12.010 
[23]. Chisti, Y., 2007. Biodiesel from microalgae. Biotechnol. Adv. 25: 294–306. DOI: 10.1016/j.biotechadv.2007.02.001 

[24]. Gong, Y. and M. Jiang, 2011. Biodiesel production with microalgae as feedstock: From strains to biodiesel. Biotechnol. Lett., 33: 

1269–1284. DOI: 10.1007/s10529-011-0574-z 

[25]. Renuka, N., A. Guldhe, R. Prasanna, P. Singh and F. Bux, 2018. Microalgae as multi-functional options in modern agriculture: 

current trends, prospects and challenges. Biotechnol. Adv., 36: 1255–1273. DOI: 10.1016/j.biotechadv.2018.04.004 
[26]. Leloup, M., R. Nicolau, V. Pallier, C. Yéprémian and G. Feuillade-Cathalifaud, 2013. Organic matter produced by algae and 

cyanobacteria: Quantitative and qualitative characterization. J. Environ. Sci. (China)., 25: 1089–1097. DOI: 10.1016/S1001-

0742(12)60208-3 
[27]. Yan-Gui, S., L. Xin-Rong, C. Ying-Wu, Z. Zhi-Shan and L. Yan, 2011. Carbon fixation of cyanobacterial-algal crusts after desert 

fixation and its implication to soil organic carbon accumulation in desert. Land. Degrad. Dev., 24 (4): 342–349. DOI: 

10.1002/ldr.113  
[28]. Abdel-Raouf N., A.A. Al-Homaidan and I.B.M. Ibraheem, 2012. Agricultural importance of algae. African J. Biotechnol. 11 (54). 

DOI: 10.5897/ajb11.3983 

[29]. Garcia-Gonzalez, J. and M. Sommerfeld, 2016. Biofertilizer and biostimulant properties of the microalga Acutodesmus dimorphus. 
J. Appl. Phycol., 28: 1051–1061. DOI: 10.1007/s10811-015-0625-2 

[30]. El Arroussi, H., A. Elbaouchi, R. Benhima, N. Bendaou, A. Smouni and I. Wahby, 2016. Halophilic microalgae Dunaliella salina 

extracts improve seed germination and seedling growth of Triticum aestivum L. under salt stress. Acta. Hortic., 1148: 13–26. DOI: 
10.17660/ActaHortic.2016.1148.2 

[31]. El Arroussi, H., R. Benhima, A. Elbaouchi, B. Sijilmassi, N. EL Mernissi, A. Aafsar, I.M. Kadmiri, N. Bendou and A. Smouni, 

2018. Dunaliella salina exopolysaccharides: a promising biostimulant for salt stress tolerance in tomato (Solanum lycopersicum). J 
Appl. Phycol., 30 (5): 2929–2941. DOI: 10.1007/s10811-017-1382-1  

[32]. Farid, R., C. Mutale-joan, B. Redouane, M. Najib, A. Abderahime, S. Laila and E. Arroussi Hicham, 2019. Effect of microalgae 

polysaccharides on biochemical and metabolomics pathways related to plant defense in Solanum lycopersicum. Appl. Biochem. 
Biotechnol., 188: 225–240. DOI: 10.1007/s12010-018-2916-y 

[33]. El Arroussi, H., N. El Mernissi, R. Benhima, I. Meftah-Kadmiri, N. Bendaou, A. Smouni and I. Wahby, 2016. Microalgae 

polysaccharides a promising plant growth biostimulant. J. Algal. Biomass. Utln., 7: 55–63. 
[34]. Abdel-Raouf, N., A.A. Al-Homaidan and I.B.M Ibraheem, 2012. Microalgae and wastewater treatment. Saudi J. Biol. Sci., 19: 257–

275. DOI: 10.1016/j.sjbs.2012.04.005 

[35]. Bihadassen, B., M. Hassi, F. Hamadi, A. Aitalla, M. Bourouache, A. EL Boulani and R. Mimouni, 2020. Irrigation of a golf course 
with UV-treated wastewater: effects on soil and turfgrass bacteriological quality. Appl. Water Sci., 10: 1–10. DOI: 10.1007/s13201-

019-1095-5 

[36]. Agrafioti, E. and E. Diamadopoulos, 2012. A strategic plan for reuse of treated municipal wastewater for crop irrigation on the 
Island of Crete. Agric. Water Manag., 105, 57–64. DOI: 10.1016/j.agwat.2012.01.002 

[37]. Li, K., Q. Liu, F. Fang, R. Luo, Q. Lu, W. Zhou, S. Huo, P. Cheng, J. Liu, M. Addy, P. Chen, D. Chen and R. Ruan, 2019. 

Microalgae-based wastewater treatment for nutrients recovery: A review. Bioresour. Technol., 291, 121934. DOI: 
10.1016/j.biortech.2019.121934 

[38]. Chen, Y., C. Xu and S. Vaidyanathan, 2018. Microalgae: a robust “green bio-bridge” between energy and environment. Crit. Rev. 

Biotechnol., 38: 351–368. DOI: 10.1080/07388551.2017.1355774 



A Review of Moroccan Microalgae and Their Exploitation Fields 

DOI: 10.9790/2402-1407015359                            www.iosrjournals.org                                                 59 | Page 

[39]. Mezrioui, N.-E. and B. Oudra, 1998. Dynamics of Picoplankton and Microplankton Flora in the Experimental Wastewater 

Stabilization Ponds in the Arid Region of Marrakech, Morocco and Cyanobacteria Effect on Escherichia coli and Vibrio cholerae 

Survival. In: Wong YS, Tam NFY (eds) Wastewater treatment with algae. Biotechnology intelligence unit. Springer, Berlin, 
Heidelberg, pp 165-188. DOI: 10.1007/978-3-662-10863-5_10 

[40]. Sbihi, K., O. Cherifi, M. Bertrand and A. El Gharmali, 2014. Biosorption of metals (Cd, Cu and Zn) by the freshwater diatom 

Planothidium lanceolatum: A laboratory study. Diatom. Res., 29: 55–63. DOI: 10.1080/0269249X.2013.872193 
[41]. Mezrioui, N.-E., B. Oudra, K. Oufdou, L. Hassani, M. Loudiki and J. Darley, 1994. Effect of microalgae growing on wastewater 

batch culture on Escherichia coli and Vibrio cholerae survival. Water. Sci. Technol., 30: 295–302. DOI: 10.2166/wst.1994.0428   

[42]. Zerhouni, R.A., D. Bouya, C. Ronneau and J. Cara, 2004. Étude de l’absorption des Phosphates, Azote, Chrome et Cadmium par 
trois algues vertes isolées à partir d’effluents urbains. Rev. des Sci. l’Eau., 17: 317–328. DOI: 10.7202/705536ar 

[43]. El Hamouri, B., K. Khallayoune, K. Bouzoubaa, N. Rhallabi and M. Chalabi, 1994. High-rate algal pond performances in faecal 

coliforms and helminth egg removals. Water. Res. 28: 171–174. DOI: 10.1016/0043-1354(94)90131-7 
[44]. Ahmad, M.  and A.U. Khan, 2019. Global economic impact of antibiotic resistance: A review. J. Glob. Antimicrob. Resist., 19: 

313–316. DOI: 10.1016/j.jgar.2019.05.024 

[45]. Mayer, A.M.S., A.D. Rodríguez, O. Taglialatela-Scafati and N. Fusetani, 2013. Marine pharmacology in 2009-2011: Marine 
compounds with antibacterial, antidiabetic, antifungal, anti-inflammatory, antiprotozoal, antituberculosis, and antiviral activities; 

affecting the immune and nervous systems, and other miscellaneous mechanisms of. Mar. Drugs., 11: 2510–2573. DOI: 

10.3390/md11072510 
[46]. Jin, L., C. Quan, X. Hou and S. Fan, 2016. Potential pharmacological resources: natural bioactive compounds from marine-derived 

fungi. Mar. Drugs., 14 (4): 76. DOI:10.3390/md14040076  

[47]. Shannon, E.  and N. Abu-Ghannam, 2016. Antibacterial derivatives of marine algae: An overview of pharmacological mechanisms 
and applications. Mar. Drugs., 14 (4): 81. DOI: 10.3390/md14040081  

[48]. Dewi, I.C., C. Falaise, C. Hellio, N. Bourgougnon and J.L. Mouget, 2018. Anticancer, Antiviral, antibacterial, and antifungal 

properties in microalgae, microalgae in health and disease prevention. Elsevier Inc. DOI: 10.1016/b978-0-12-811405-6.00012-8 
[49]. 44. Pratt, R., T.C. Daniels, J.J. Eiler, et al., 1944. Chlorellin, an antibacterial substance from Chlorella. Science., 99: 351–

352. DOI: 10.1126/science.99.2574.351  

[50]. Falaise, C., C. François, M.A. Travers, B. Morga, J. Haure, R. Tremblay, F. Turcotte, P. Pasetto, R. Gastineau, Y. Hardivillier, V. 
Leignel and J.L. Mouget, 2016. Antimicrobial compounds from eukaryotic microalgae against human pathogens and diseases in 

aquaculture. Mar. Drugs., 14: 1–27. DOI: 10.3390/md14090159 

[51]. Mayer, A.M.S. and M.T. Hamann, 2004. Marine pharmacology in 2000: Marine compounds with antibacterial, anticoagulant, 
antifungal, anti-inflammatory, antimalarial, antiplatelet, antituberculosis, and antiviral activities; affecting the cardiovascular, 

immune, and nervous systems and other mis. Mar. Biotechnol., 6: 37–52. DOI: 10.1007/s10126-003-0007-7 

[52]. Cardozo, K.H.M., T. Guaratini, M.P. Barros, V.R. Falcão, A.P. Tonon, N.P. Lopes, S. Campos, M.A. Torres, A.O. Souza, P. 
Colepicolo and E. Pinto, 2007. Metabolites from algae with economical impact. Comp. Biochem. Physiol. - C Toxicol. Pharmacol., 

146: 60–78. DOI: 10.1016/j.cbpc.2006.05.007 

[53]. Najdenski, H. M., L.G. Gigova, I.I. Iliev, P.S. Pilarski, J. Lukavský, I.V. Tsvetkova, M.S. Ninova, V.K. Kussovski, 2013. 
Antibacterial and antifungal activities of selected microalgae and cyanobacteria. Int. J. Food Sci. Technol., 48: 1533–1540. DOI: 

10.1111/ijfs.12122 

[54]. Bhagavathy, S.,  P. Sumathi and I. Jancy Sherene Bell, 2011. Green algae Chlorococcum humicola- a new source of bioactive 

compounds with antimicrobial activity. Asian Pac. J. Trop. Biomed., 1(1): S1–S7. DOI: 10.1016/s2221-1691(11)60111-1 

[55]. De Jesus Raposo, M.F., A.M.B. De Morais and R.M.S.C. De Morais, 2015. Marine polysaccharides from algae with potential 
biomedical applications. Mar. Drugs., 13: 2967–3028. DOI: 10.3390/md13052967 

[56]. Patel, V., D. Berthold, P. Puranik and M. Gantar, 2015. Screening of cyanobacteria and microalgae for their ability to synthesize 

silver nanoparticles with antibacterial activity. Biotechnol. Reports., 5: 112–119. DOI: 10.1016/j.btre.2014.12.001 
[57]. Santoyo, S., I. Rodríguez-Meizoso, A. Cifuentes, L. Jaime, G. García-Blairsy Reina, F.J. Señorans, and E. Ibáñez, 2009. Green 

processes based on the extraction with pressurized fluids to obtain potent antimicrobials from Haematococcus pluvialis microalgae. 

LWT - Food Sci. Technol., 42: 1213–1218. DOI:10.1016/j.lwt.2009.01.012 
[58]. Mudimu, O., N. Rybalka, T. Bauersachs, J. Born,T. Friedl and R. Schulz, 2014. Biotechnological screening of microalgal and 

cyanobacterial strains for biogas production and antibacterial and antifungal effects. Metabolites., 4: 373–393. DOI: 

10.3390/metabo4020373 
[59]. Maadane, A., N. Merghoub, N. El Mernissi, T. Ainane, S. Amzazi, I. Wahby and Y. Bakri, 2017. Antimicrobial activity of marine 

microalgae isolated from Moroccan coastlines. J. Microbiol. Biotechnol. Food Sci. 6, 1257–1260. DOI: 

10.15414/jmbfs.2017.6.6.1257-1260 

 

Mohammed Hassi, et. al. “A Review of Moroccan Microalgae and Their Exploitation Fields." 

IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 

14(7), (2020): pp 353-59. 


