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Abstract: A macro and microalgae are widely used in environmental and biotechnological appli-
cations due to their unique natural properties. Algae groups are aquatic organisms that can be
found in many parts of the world and vary in size from 3-10 p to 70 cm. Algae are divided into two
as prokaryotic (microalgae) and eukaryotic (macroalgae) according to their biological formations.
“Cyanophyta” as microalgae and “Phaeophyta, Rhodophyta, Chlorophyta, Flagelleta” as macro algae are
known. Dunaliella salina is a living thing that can live in saltwater ecosystems and belong to the
microgreen algae group. Since these algae are a natural source of beta-carotene, they are of partic-
ular importance in the cosmetics and food industries compared to other green microalgae species.
Almost all algae groups are used for different purposes in a wide variety of sectors. Dunaliella spp.
types are used extensively in areas such as the energy sector (bio fuel), cosmetics, medical applica-
tions, bioplastic production, wastewater treatment, food industry. In addition, the most basic effect
parameter of pink color formation in lakes with salt content due to seasonal changes is D. salina,
which is not an environmental problem. Increasing environmental pollution, unconscious energy
consumption, and climate change have led countries to seek alternative solutions to environmental
issues and to develop environmentally friendly-technological methods. For sustainable environ-
mental management and minimization of pollution; The benefits of using algae species have been
demonstrated by different applications. In the literature, D. salina has focused on algae production
and the use of pigments in the cosmetics and food industry. The aim of this study is to investigate
the recent researches on D. salina and reveal the importance of this algae, especially in terms of
sustainable environment and energy.
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1. Introduction

Algae are the oldest microorganisms that have a simple photosynthetic cell structure
and a high content of chlorophyll [1,2]. Macro-and micro-scale algae are quite widely
used in environmental and biotechnological applications due to their unique natural
properties [3,4]. Algal groups (Cholophyceae, Rhodophyceae, Cyanophyceae, and Pheophyceae)
are aquatic creatures that can be found in many parts of the world and vary in size from
3-10 p to 70 cm [5-7]. In terms of their biological formation, algae are divided into two as
prokaryotic (microalgae) and eukaryotic (macroalgae). Microalgae are known as “Cyan-
ophyta”, while macroalgae are known as “Phaeophyta, Rhodophyta, Chlorophyta, and
Flagelleta”. The most common chemical formula of microalgae is CiosH18104N16P, and for
their optimal growth, the basic nutrition elements must be present in certain proportions
in the environment. In particular, the contents of these elements are of great importance
in the production and use of microalgae. Pigments (chlorophyll-a, carotene, astaxanthin,
phytocyanin, xanthophyll, phytoeritrosin, etc.) produced by algae are frequently used in
the food, pharmaceutical, textile, and personal care sectors [8,9]. Today, environmental
pollution comes to the fore as a result of every product produced in the world, from food
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to clothing and from cars to technological equipment. Global warming and climate
change emerging as a result of increasing environmental pollution all over the world
have led countries to seek alternative solutions to environmental issues and to develop
environmentally-friendly technological methods. For sustainable environmental man-
agement and minimizing pollution, the benefits of using algae species have been shown
through many applications. In the literature, with regard to D. saling, it has been often
focused on the production of algae and the use of pigments in the cosmetic and food
sectors. In recent years, microalgae have been constantly being investigated for
nutraceuticals, pharmaceuticals, and other bioactive substances which are industrially
important due to their complex metabolic capacity. The purpose of this study is to
demonstrate the importance of these creatures in terms of sustainable environment and
energy by examining the recent research on D. salina.

2. Microalgae Production Systems

In the production of microalgae species, it is important to make a goal-oriented se-
lection. If it is to be produced as a food source, the protein, carbohydrate, fatty acid,
vitamin, and mineral contents of the microalgae species should be taken into account. If it
is to be used in treatment to prevent environmental pollution, species isolated from the
contaminated receiving environment should be preferred. In terms of the energy sector,
on the other hand, the oil content of microalgae should be taken into account [10,11]. In
the production of microalgae, mainly biotic and abiotic factors and many other factors
arising from the enterprise are effective [10,12]. The most important abiotic factors af-
fecting microalgae growth are factors such as light (400-700 nm), temperature (20-30 °C),
nutrient (carbon, nitrogen, phosphorus), oxygen, carbon dioxide, pH (7-9), salinity, and
toxic chemicals [13,14]. Pathogens, such as bacteria, fungi, and viruses, and the competi-
tive environment resulting from other algal species are biotic factors that affect produc-
tion. Another factor affecting growth is the mixing method used in the enterprise system.
Two types of systems are used in microalgae production: outdoor pools and indoor
photo bioreactors (Figure 1). The method of outdoor pools is the simplest and cheapest
system used most widely in microalgae production. However, due to the poor system
control, problems are experienced frequently in production. It has circular and race-
track-type designs, and Chlorella sp., Spiriluna platensis, Haematococcus sp., and D. salina
are the most common species commercially produced in racetrack-type pools. Compared
to outdoor pools, indoor photo bioreactors have higher performance in terms of light
utilization, high biomass yield, low risk of contamination and water loss (evaporation),
and ease of mixing and gas transfer. But the investment cost is higher [7,15,16].

Figure 1. Microalgae production systems.

3. Dunaliella salina

D.salina is a halophilic, green pigmented, and unicellular microalgae species, which
usually feeds in saline environments and have different uses in the health, food, and en-
ergy sectors [17-19]. The Dunaliella group microalgae consist of the family Polyblepha-
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ridaceae (Volvo Ales-type), and 28 species of Dunaliella have been identified so far. 5 of
them continue their vital activities in freshwater and 23 of them in marine and salty water
environments [20]. The best-known Dunaliella species are D. tertiolecta, D. salina, D. pri-
molecta, D. bioculata, D. viridis, and D. bandawil [19]. Among the Dunaliella species, D. sa-
lina is the most famous and widely used species. D. salina was first identified by Teo-
doresco in 1960. These algae are usually found in natural marine habitats and are gener-
ally responsible for turning the color of the water to red [21,22] (Figure 2). They are
egg-shaped in terms of cell formation, and depending on growth conditions and light
intensity, they vary in length from 5 um to 25 um and in width from 3 pm to 13 um. D.
salina cells have organelles such as nucleus, membrane, mitochondria, vacuoles, and
golgi. In addition to chlorophyll A and B, carotene A and B, neoxanthin, kemanantin,
lutein, and useful carotenoid pigments similar to zeaxanthin are involved among the in-
tracellular compounds of D. salina species [23,24]. D. salina microalgae species are essen-
tial as phytoplankton, especially in saltwater, marshes and wetlands. These species can
live at a salt concentration of about 35% and are known as salt-tolerant green algae. In
addition to the exceptional adaptation of most D. salina species to saline environments, D.
acidophila species can grow in a highly acidic environment (pH = 0-1) [25,26]. D. salina
antarctica species can grow at temperatures below 0°C, and D. salina species can tolerate
the exposure to high-intensity light [19]. These species have a higher tolerance to oil-fuel
contamination compared to other planktonic algae [27]. Chemical compositions of the D.
salina microalgae species in terms of natural and commercial are given in Table 1. As in-
dicated in Table 1, natural D. salina contains 6.63% moisture and 48.74% ash. Carbohy-
drates are the main component with a ratio of 25.31%, and this is followed by proteins
with 10.03%, carotenoids with 3.46%, and lipids with 3.49% [28-30].

Table 1. Natural and commercial chemical properties of D. salina.

D. salina Natural Composition (%) D. salina Commercial Composition (Powder Form) (%)

Humidity 6.63 Proteins 36.4

Ash 48.74 Carbohdyrates 33.0

Proteins 10.03 Lipids 7.8
Carbohdyrates 25.31 Caroteonids 4.5
Lipids 3.49 Nucleic acid 7.7
Caroteonids 3.46 Chlophyll 5.0
LSFAs (mg/100 g dry) 1532.68 Ascorbic acid (mg/100 g) 102
IMUFAs (mg/100 g dry) 567.56 Potasium (mg/100 g) 432
YPUFAs (mg/100 g dry) 1055.97 Sodium (mg/100 g) 35.4
Histidine 2.6 Calcium (mg/100 g) 210
Phenylalanine 115 Magnesium (mg/100 g) 137
Trytophan 2.6 Phosphorus (mg/100 g) 158
Leucine 7.3 Iron (mg/100 g) 4.5

YSFAs: saturated fatty acids; EMUFAs: monosaturated fatty acids; ZPUFAs: polyunsaturated fatty
acids.

S N

Retba Lake Senegl)

The 1st International Electronic Conference on Biological Diversity, Ecology, and Evolution, 15-31 March 2021



Proceedings 2021, 68, x FOR PEER REVIEW 4 of 8

© Hutt Lake (Australia) 7 - Quairading Lake (Australia) ' Las Colaradas (Mexico)

Figure 2. Pink lakes originating from D. salina in various countries.

4. D. salina in Environmental Applications
4.1. Use in Wastewater Treatment

Physical, chemical, and biological processes applied in water and wastewater
treatment cover separation of the specific groups of pollutants (heavy metals, dyes, etc.)
from wastewater and discharging of them in forms that will cause less damage to the
environment [31,32]. There are two important reasons for use of microalgae in
wastewater treatment. The first is the oxygenation of the dissolved oxygen-poor
wastewater pools thanks to the ability of microalgae to produce oxygen by photosynthe-
sis. The second reason, on the other hand, is that microalgae can be used in the treatment
of nitrogen and phosphate contaminated water due to the fact that they can multiply
rapidly in waters with high organic content. In particular, they are very successful in bi-
ological wastewater treatment and removal of toxic pollutant groups [33,34]. The treat-
ment of wastewater by using microalgae has been practiced for many years, and today
bioremediation and phytoremediation studies have gathered speed [35,36]. The low cost
of these systems and the inhibition of pathogenic organisms due to the antibacterial
properties of some microalgae species provide a great advantage. In addition, they can
act as disinfectants at high pH levels in wastewater treatment systems. Compared to
other biological processes in wastewater treatment, the use of microalgae stands out with
its advantages such as cost, low energy requirement, useful biomass production, low
sludge formation, success in removing heavy metals, the ability to re-evaluate the re-
sulting biomass and use it in biodiesel production, and the high purification efficiency. In
recent years, microalgae are considered an attractive and innovative biosorbents for the
biosorption process too. In particular, in the removal of heavy metals by biosorption,
different types of microalgae, which are economical and environmentally friendly, are
used instead of expensive biosorbents [37,38]. In addition, laboratory-scale studies are
also carried out in membrane filtration and advanced oxidation systems [21]. Especially
in areas where water is limited and in salty water environments, D. salina is also used in
the desalination process [39].

4.2. Nutritional Source

Microalgae are used as a nutritional source for both humans and other living groups
thanks to carbohydrates, proteins, enzymes, and fibers contained in their chemical
structure. In addition to basic nutrients, they also contain vitamins A, C, By, Bz, B¢, many
vitamins such as niacin, and basic elements such as iron, potassium, calcium, and mag-
nesium [10,40]. D. salina and other species are used as nutritional supplements, especially
in athletes’ diets. They are also used as feed for aquatic (shrimp, trout, aquarium fishing,
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etc.) and terrestrial animals (cattle, goats, sheep, etc.) (Figure 3). In capsule forms and in
the form of solid (food bars, cookies, etc.) and liquid (antioxidant drinks, juices, etc.) nu-
trients, D. salina tablets are applied as dietary supplements for human health [1,41].
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Figure 3. Production of D. salina for nutritional sources [42].

4.3. Applications in Medical and Cosmetic Industry

Microalgae are constantly exposed to stress conditions due to their cellular structure,
and in order to adapt to these conditions, they produce some valuable products (cos-
meceuticals) that are important in the cosmetic industry [42,43]. Pigments and other com-
pounds in microalgae are widely used as hydration component and antioxidant in an-
ti-aging and moisturizing skin creams in the cosmetic industry [19]. D. salina is widely used
in skin-hair care and sun protection products thanks to the substance of sporopollenin
found in its structure. According to the World Health Organization (WHO), microalgae are
promising sources of bioactive compounds in terms of their anti-cancer properties [41,44].
D. salina is one of the marine microalgae containing significant amounts of essential carot-
enoids such as o and (3-carotene, cryptoxanthin, zeaxanthin and lutein, and it is a source of
antioxidants [1,45,46]. Figure 4 and Table 2 briefly summarizes the use of D. salina in terms
of both medicine (anti-cancer, anti-allergy, diabetes, anti-inflammatory, anti-virus, an-
ti-bacteria and anti-arteriosclerosis, etc.) and treatment (Parkinson’s disease).
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Figure 4. Medicine and cosmetics applications of D. salina and other microalgae [19,43].
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Table 2. Potential cosmetics and medical applications of D. salina.

Compound Application

Cosmetic Glycerol, Phenols (e.g., gallic, caffeic, salycilic,
p-coumaric, and ferulic acid)

Moisturize and Smoothen skin

Compound Application

Medicine [p-carotene, a-carotene, Cryptoxanthin, Zeaxan- Anticancer activity, AntiParkinson’s disease, Anti-

thin, Lutein, Glutathione oxidant activity, Antihypertensive, Analgesic drugs

4.4. Applications in the Energy Sector

In recent years, as a result of the use of fossil fuels and thereby the negative effects of
CO2 and greenhouse gases on the environment, sustainable and environmentally friendly
alternative energy sources have been being explored. In this context, microalgae come to
the fore. Nowadays, many energy sources such as solar, wind, geothermal, ocean energy,
and biofuels have begun to replace fossil fuels [47,48]. Since energy is an important need
for people after water, environmentally friendly and sustainable energy resources are
constantly being explored. Microalgae, which have largely carbohydrate, fat and protein
in their structure and can live in both aquatic and terrestrial ecosystems, have some ad-
vantages (capacity to hold solar energy, specific compounds, adaptation to stressful
conditions, high growth rate, etc.) as a source of biofuel. Because of these advantages,
they are also used as raw material in the energy sector [49,50]. Biofuel production from
microalgae consists of four steps: isolation, characterization, biomass production, and
harvesting. Today, D. salina and other microalgae are used as a raw material source for
many types of biofuels, such as the production of biogas by anaerobic degradation of
biomass, biodiesel production from oil content (D. salina: 116 mg/L oil productivity), and
biohydrogen production by photo-biological reactions [51,52].

5. Conclusions

Microalgae are photosynthetic species often living in aquatic environments and
most of which are single-celled. Because of the natural compounds they contain, their
usage in environmental applications and other fields is increasing every day. They have
usages in many areas, from biomass production for nutrition source (food and animal
feed) purposes to ecological applications such as the production of biofuel varieties and
bioremediation (wastewater treatment). Due to their rich biodiversity, microalgae are
seen as a promising natural resource for the production of a wide range of valuable
compounds. D. salina is a species in the class of green algae that can live in saltwater. As a
result of stress-related cellular changes occurring in ambient conditions, the level of be-
ta-carotene secretion in its structure increases. Beta-carotene is a valuable product used in
different fields such as pharmaceutical, dye, and feed industries both because it is an
orange color pigment and because it has high antioxidant properties. In this regard, D.
salina is one of the important sources used for the production of natural beta-carotene.

Author Contributions: Conceptualization, methodology, formal analysis, investigation, resources,
writing-original draft preparation, writing-review and editing, visualization, H.C.; T.B,; LS.; $.T.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

The 1st International Electronic Conference on Biological Diversity, Ecology, and Evolution, 15-31 March 2021



Proceedings 2021, 68, x FOR PEER REVIEW 7 of 8

Abbreviations
WHO World Health Organization

References

1. Morais Junior, W.G.; Gorgich, M.; Corréa, P.S.; Martins, A.A.; Mata, T.M.; Caetano, N.S. Microalgae for biotechnological ap-
plications: Cultivation, harvesting and biomass processing. Aquaculture 2020, 528, 735562.

2. Chisti, Y. Society and microalgae: Understanding the past and present. Microalgae Health Dis. Prev. 2018, 11-21,
doi:10.1016/B978-0-12-811405-6.00002-5.

3. Kumar, G, Shekh, A,; Jakhu, S.; Sharma, Y.; Kapoor, R.; Sharma, T.R. Bioengineering of Microalgae: Recent Advances, Per-
spectives, and Regulatory Challenges for Industrial Application. Front. Bioeng. Biotechnol. 2020, 8, 914.

4. Zullaikah, S.; Maria Christy Jessinia, P.; Rinaldi Yasmin, M.; Rachimoellah, M.; Wu, D. Lipids extraction from wet and unbro-
ken microalgae chlorella vulgaris using subcritical water. Mater. Sci. Forum 2019, 964, 103-108.

5. Christaki, E.; Bonos, E.; Florou-Paneri, P. Innovative Microalgae Pigments as Functional Ingredients in Nutrition. In Handbook
of Marine Microalgae; Academic Press: Cambridge, MA, USA, 2015, pp. 233-243. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9780128007761000145 (accessed on).

6.  Vignesh, G.; Barik, D. Toxic Waste From Biodiesel Production Industries and Its Utilization. In Energy from Toxic Org Waste Heat
Power Gener; Woodhead Publishing: Sawston, UK, 2019; pp- 69-82. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9780081025284000067 (accessed on).

7. Yin, Z; Zhu, L, Li, S;; Hu, T.; Chu, R.; Mo, F.; Hu, D.; Liu, C.; Li, B. A comprehensive review on cultivation and harvesting of
microalgae for biodiesel production: Environmental pollution control and future directions. Bioresour. Technol. 2020, 301,
122804.

8.  Mobin, SM.A,; Chowdhury, H.; Alam, F. Commercially important bioproducts from microalgae and their current applica-
tions-A review. Energy Procedia 2019, 160, 752-760.

9. Mobin, S.; Alam, F. Some Promising Microalgal Species for Commercial Applications: A review. Energy Procedia 2017, 110,
510-517.

10. Sisman-Aydin, G. Mikroalg Teknolojisi ve Cevresel Kullanumi. Harran Univ. |. Eng. 2019, 4, 81-92.

11.  Elcik, H.; Cakmakci, M. Mikroalg tiretimi ve mikroalglerden biyoyakait eldesi. J. Fac. Eng. Archit. Gazi Univ. 2017, 32, 795-820.

12. Polle, J.E.W.; Jin, E.S,; Ben-Amotz, A. The alga Dunaliella revisited: Looking back and moving forward with model and pro-
duction organisms. Algal Res. 2020, 49, 101948.

13.  Suparmaniam, U.; Lam, M.K,; Uemura, Y.; Lim, ] W,; Lee, K.T.; Shuit, S.H. Insights into the microalgae cultivation technology
and harvesting process for biofuel production: A review. Renew. Sustain. Energy Rev. 2019, 115, 109361.

14. Caetano, N.S.; Martins, A.A.; Gorgich, M.; Gutiérrez, D.M.; Ribeiro, T.J.; Mata, T.M. Flocculation of Arthrospira maxima for
improved harvesting. Energy Rep. 2020, 6, 423-428.

15. Fatiha, K,; Yala Abdelmadjid, A.; Bachir, D. Optimization of Micro Algal Biomass Production by the Method of Experimental
Designs (Case of Dunaliella salina Teodoresco). ]. Int. Environ. Appl. Sci. 2019, 14, 91-96.

16. Hallmann, A. Algae Biotechnology —Green Cell-Factories on the Rise. Curr Biotechnol. 2015, 4, 389-415.

17.  El-Baz, F.K.; Hussein, R.A.; Saleh, D.O.; Jaleel, G.A.R.A. Zeaxanthin isolated from Dunaliella salina microalgae ameliorates age
associated cardiac dysfunction in rats through stimulation of retinoid receptors. Mar Drugs 2019, 17, 290.

18. El-Baz, F.K,; Salama, A.; Salama, R.A.A. Therapeutic effect of Dunaliella salina microalgae on thioacetamide-(taa-) induced
hepatic liver fibrosis in rats: Role of tgf-$ and mmp9. Biomed. Res. Int. 2019, 2019, 7028314.

19. Pourkarimi, S.; Hallajisani, A.; Nouralishahi, A.; Alizadehdakhel, A.; Golzary, A. Factors affecting production of beta-carotene
from Dunaliella salina microalgae. Biocatal. Agric. Biotechnol. 2020, 29, 101771.

20. Oren, A. The ecology of Dunaliella in high-salt environments. J. Biol. Res. BioMed 2014, 23, 1-8.

21. Monte, |.; Sa,, M,; Parreira, C.; Galante, ].; Serra, A.R.; Galinha, C.F.; Costa, L.; Pereira, V.J.; Brazinha, C.; Crespo, ].G. Recycling
of Dunaliella salina cultivation medium by integrated membrane filtration and advanced oxidation. Algal Res. 2019, 39, 101460.

22.  Ambati, RR.; Gogisetty, D.; Aswathanarayana, R.G.; Ravi, S.; Bikkina, P.N.; Bo, L.; Yuepeng, S. Industrial potential of carote-
noid pigments from microalgae: Current trends and future prospects. Crit. Rev. Food Sci. Nutr. 2019, 59, 1880-1902.

23. Feng, S; Hu, L.; Zhang, Q.; Zhang, F,; Du, J.; Liang, G.; Li, A,; Song, G.; Liu, Y. CRISPR/Cas technology promotes the various
application of Dunaliella salina system. Appl. Microbiol. Biotechnol. 2020, 104, 8621-8630, doi:10.1007/s00253-020-10892-6.

24. El-Baz, F.K; Saleh, D.O.; Abdel Jaleel, G.A.; Hussein, R.A.; Hassan, A. Heamatococcus pluvialis ameliorates bone loss in ex-
perimentally-induced osteoporosis in rats via the regulation of OPG/RANKL pathway. Biomed. Pharmacother. 2019, 116, 109017.

25. Sui, Y.; Muys, M,; Van de Waal, D.B.; D'Adamo, S.; Vermeir, P.; Fernandes, T.V.; Vlaeminck, S.E. Enhancement of
co-production of nutritional protein and carotenoids in Dunaliella salina using a two-phase cultivation assisted by nitrogen
level and light intensity. Bioresour. Technol. 2019, 287, 121398.

26. Yildirim, A. Yerli Dunaliella salina Susunda Biiyiime ve Pigment Uretimi Igin Optimal Kosullarin Merkezi Kompozit Tasarim
Yontemi Kullanilarak Belirlenmesi. Eur J Sci Technol. Eur. ]. Sci. Technol. 2019, 17, 874-880.

27. Murthy, KN.C,; Vanitha, A.; Rajesha, J.; Swamy, M.M.; Sowmya, P.R.; Ravishankar, G.A. In vivo antioxidant activity of ca-

rotenoids from Dunaliella salina— A green microalga. Life Sci. 2005, 76, 1381-1390.

The 1st International Electronic Conference on Biological Diversity, Ecology, and Evolution, 15-31 March 2021



Proceedings 2021, 68, x FOR PEER REVIEW 8 of 8

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ambrico, A.; Trupo, M.; Magarelli, R.; Balducchi, R.; Ferraro, A.; Hristoforou, E.; Marino, T.; Musmarra, D.; Casella, P.; Molino,
A. Effectiveness of Dunaliella salina extracts against bacillus subtilis and bacterial plant pathogens. Pathogens 2020, 9, 613.
Harvey, P.J.; Ben-Amotz, A. Towards a sustainable Dunaliella salina microalgal biorefinery for 9-cis B-carotene production.
Algal Res. 2020, 50, 102002.

Tertychnaya, T.N.; Manzhesov, V.I; Andrianov, E.A.; Yakovleva, S.F. New aspects of application of microalgae Dunaliella
salina in the formula of enriched bread. IOP Conf Ser Earth Environ Sci. 2020, 422, 012021.

Leng, L.; Wei, L.; Xiong, Q.; Xu, S.; Li, W.; Lv, S.; Lu, Q.; Wan, L.; Wen, Z.; Zhou, W. Use of microalgae based technology for the
removal of antibiotics from wastewater: A review. Chemosphere 2020, 238, 124680.

Aida, T.M.; Nonaka, T.; Fukuda, S.; Kujiraoka, H.; Kumagai, Y.; Maruta, R.; Ota, M.; Suzuki, I.; Watanabe, M.M.; Inomata, H.; et
al. Nutrient recovery from municipal sludge for microalgae cultivation with two-step hydrothermal liquefaction. Algal Res.
2016, 18, 61-68.

Hussain, F.; Shah, S.Z.; Ahmad, H.; Abubshait, S.A.; Abubshait, H.A.; Laref, A.; Manikandan, A.; Kusuma, H.S; Igbal, M.
Microalgae an ecofriendly and sustainable wastewater treatment option: Biomass application in biofuel and bio-fertilizer
production. A review. Renew. Sustain. Energy Rev. 2021, 137, 110603.

Zuliani, L.; Frison, N.; Jelic, A.; Fatone, F.; Bolzonella, D.; Ballottari, M. Microalgae cultivation on anaerobic digestate of mu-
nicipalwastewater, sewage sludge and agro-waste. Int. J. Mol. Sci. 2016, 17, 1692.

Machado, M.D.; Soares, E.V. Sensitivity of freshwater and marine green algae to three compounds of emerging concern. J. Appl.
Phycol. 2019, 31, 399-408.

Sutherland, D.L.; Ralph, P.J. Microalgal bioremediation of emerging contaminants—Opportunities and challenges. Water Res.
2019, 164, 114921.

Nie, J.; Sun, Y.; Zhou, Y.; Kumar, M.; Usman, M.; Li, J.; Shao, J.; Wang, L.; Tsang, D.C.W. Bioremediation of water containing
pesticides by microalgae: Mechanisms, methods, and prospects for future research. Sci. Total Environ. 2020, 707, 136080.
Belghith, T.; Athmouni, K.; Bellassoued, K.; El Feki, A.; Ayadi, H. Physiological and biochemical response of Dunaliella salina to
cadmium pollution. J. Appl. Phycol. 2016, 28, 991-999.

Moayedi, A.; Yargholi, B.; Pazira, E.; Babazadeh, H. Investigated of Desalination of Saline Waters by Using Dunaliella salina
Algae and Its Effect on Water Ions. Civ. Eng. J. 2019, 5, 2450-2460.

Pourkarimi, S.; Hallajisani, A.; Alizadehdakhel, A.; Nouralishahi, A. Biofuel production through micro- and macroalgae py-
rolysis— A review of pyrolysis methods and process parameters. J. Anal. Appl. Pyrolysis. 2019, 104599.

Raja, R.; Coelho, A.; Hemaiswarya, S.; Kumar, P.; Carvalho, I.S.; Alagarsamy, A. Applications of microalgal paste and powder
as food and feed: An update using text mining tool. Beni-Suef. Univ. ]. Basic Appl. Sci. 2018, 7, 740-747.

Sui, Y.; Vlaeminck, S.E. Dunaliella Microalgae for Nutritional Protein: An Undervalued Asset. Trends Biotechnol. 2020, 38, 10-12.
Yarkent, C.; Giirlek, C.; Oncel, S.S. Potential of microalgal compounds in trending natural cosmetics: A review. Sustain. Chem.
Pharm. 2020, 17, 100304.

Mourelle, M.L.; Gdmez, C.P.; Legido, J.L. The potential use of marine microalgae and cyanobacteria in cosmetics and thalas-
sotherapy. Cosmetics 2017, 4, 46.

Rahman Shah, M.; Antonio Lutzu, G.; Alam, A.; Sarker, P.; Kabir Chowdhury, M.A.; Parsaeimehr, A.; Liang, Y.; Daroch, M.
Microalgae in aquafeeds for a sustainable aquaculture industry. J. Appl. Phycol. 2018, 30, 197-213.

Martinez-Hernandez, G.B.; Castillejo, N.; Carrién-Monteagudo, M.D.M.; Artés, F.; Artés-Hernandez, F. Nutritional and bioac-
tive compounds of commercialized algae powders used as food supplements. Food Sci. Technol. Int. 2018, 24, 172-182.

Caligkan Eleren, S.; Oner, B. Sustainable and Eco-Friendly Raw Materials for Biofuels: Microalgae. Pamukkale Univ. ]. Eng. Sci.
2019, 25, 304-319.

Deviram, G.; Mathimani, T.; Anto, S.; Ahamed, T.S.; Ananth, D.A.; Pugazhendhi, A. Applications of microalgal and cyano-
bacterial biomass on a way to safe, cleaner and a sustainable environment. |. Clean. Prod. 2020, 253, 119770.

Rahman, A.; Agrawal, S.; Nawaz, T.; Pan, S.; Selvaratnam, T. A review of algae-based produced water treatment for biomass
and biofuel production. Water 2020, 12, 2351.

Chou, H.H.; Su, H.Y.; Song, X.D.; Chow, T.]J.; Chen, C.Y.; Chang, ].S.; Lee, T.M. Isolation and characterization of Chlorella sp.
mutants with enhanced thermo- And CO: tolerances for CO:2 sequestration and utilization of flue gases. Biotechnol. Biofuels
2019, 12, 251.

Benhima, R.; El Arroussi, H.; Kadmiri, LM.; El Mernissi, N.; Wahby, I.; Bennis, I.; Smouni, A.; Bendaou, N. Nitrate Reductase
Inhibition Induces Lipid Enhancement of Dunaliella Tertiolecta for Biodiesel Production. Sci. World |. 2018, 2018, 6834725.
Ahmed, R.A; He, M,; Aftab, R.A.; Zheng, S.; Nagi, M.; Bakri, R.; Wang, C. Bioenergy application of Dunaliella salina SA 134
grown at various salinity levels for lipid production. Sci. Rep. 2017, 7, 8118.

The 1st International Electronic Conference on Biological Diversity, Ecology, and Evolution, 15-31 March 2021



