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Abstract 

This study includes information on isolating some indigenous freshwater and marine 

microalgae and determining their growth rate, pigmennts, and proximate composition 

in order to take advantage of the great potentiality of local microalgae. For microalgae 

isolation streak plating method in agar, serial dilution and capillary pipetting was 

performed and for the evaluation of growth performance. Selected microalgae 

(Chlamydomonas sp., Navicula sp., Gonyostomum sp., Nannochloropsis sp., 

Choricystis sp., Chromochloris sp., Tetraedron sp., Chlorobotrys sp. Coelastrella sp., 

Kirchneriella sp. Oscillatoria sp1 and Oscillatoria sp4) were mass cultured in 

commercial Bold Basal Medium (BBM) and Conway Medium, harvested at their 

stationary phases to determine the pigments content (chlorophyll-a, chlorophyll-b, 

chlorophyll-c, carotenoid and phycobiliproteins) and proximate composition (protein, 

lipid and carbohydrate). Results showed that, onset of stationary phase (9–14 days) 

varied among the fourteen species where in the stationary phase, significantly higher 

(p˂0.05) cell density was observed in Gonyoatomum sp. All microalgae showed 

chlorophyll-a as the main pigment component, where Oscillatoria sp2 showed 

significantly highest (p˂0.05) chlorophyll-a (22.72±0.04 µg/mL). On the other hand, 

highest chlorophyll b (2.75±0.07 µg/mL) and carotenoid content (6.888±0.08 µg/mL) 

was recorded in Chlamydomonas sp. Moreover, total phycobiliproteins was also 

significantly higher (p˂0.05) in Oscillatoria sp4. (89.80±0.12 mg/g) and significantly 

lowest (p˂0.05) in Nannochloropsis sp. (0.89±0.04 mg/g). Significantly higher and 

lower (p<0.05) amount of total protein was recorded in Navicula sp. (59.5123±0.78% 

dry weight) and Krichneriella sp. (17.276±0.76 % dry weight), respectively. 

Similarly, highest and lowest (p<0.05) amount of lipid content was recorded in 

Gonyoatomum sp. (27.4±0.695 dry weight) and Oscillatoria sp3 (9.07±0.07%dry 

weight), respectively. In addition, carbohydrate content was highest (p < 0.05) in 

Kirchneriella sp. The results on amino acids and fatty acids revealed significant 

differences (p < 0.05) across these experimental species in numerous instances.  

Keywords: Isolation, Microalgae, Growth, Pigments, Proximate, Fatty acid, Amino 

acid



61 
 

 



1 
 

Chapter-1: Introduction 

Recent years have seen a significant increase in interest in microalgae due to their 

enormous application possibilities in the biopharmaceutical, nutraceutical, and 

renewable energy industries. Khan et al., 2018). Because of the high nutritional value, 

favorable impact on the growth rate of aquatic species due to increased triglyceride 

and protein deposition in muscle, improved resistance to disease, decreased nitrogen 

output into the environment, omega-3 fatty acid content, physiological activity, and 

carcass quality, and potential replacement of common feed stuff, microalgae have the 

potential to reduce the dependence on conventional raw materials in aquafeed. 

(Becker, 2004). Additional benefits provided by microalgae include fast growth rates, 

high productivity, no need for agricultural land, quick harvest cycles, ease of 

cultivation, high lipid content, and high photosynthetic efficiency (Nascimento et al., 

2015). Growth and nutritional property of microalgae varies between species to 

species. The first and most crucial step in the bioprospecting of microalgae for any 

commercial use is the selection of the species or strain (Borowitzka, 2013). For the 

use of microalgae in aquaculture, monitoring of cell growth is considered a 

fundamental component (Santos-Ballardoa, 2015). According to Safi et al. (2013), 

one of the key factors determining the nutritional value of microalgae is their protein 

level. According to Hu et al. (2015), the lipid content of microalgae can range from 

20% to 50% of dry weight, and the high oil content of many microalgae species has 

been used to produce biofuel (Hussain et al., 2017). Although carbohydrates have a 

lower energy value than other microalgal substances, they constitute the initial raw 

material used in the biotechnological conversion process to create biofuels (Andreeva 

et al., 2021).  Chlorophylls, carotenoids, and phycobilins are the main pigment groups 

found in microalgae, and they are regarded as one of the most important products 

from microalgae (Granado-Lorencio et al., 2009).Chlorophyll and carotenoid have 

antioxidant properties, are widely used as natural food coloring agents (Hosikian et 

al., 2010), and play a significant role in the photosynthesis of algae and 

photosynthetic bacteria (Lamers et al., 2012). They are also used in a variety of 

pharmaceutical products (Bhagavathy and Sumathi, 2012). According to Ba'saca-

Loya et al. (2009), phycobiliproteins are a class of proteins containing covalently 

bonded linear tetrapyrrole chromophoric groups. According to Wiedenmann (2008), 
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the most prevalent phycobiliproteins include phycoerythrin (PE), phycocyanin (PC), 

and allophycocyanin (APC). 

The amount of lipids produced under stress circumstances ranged from 4.5 to 7.5 t 

ha/year (Choong et al., 2020), or between 20% and 50% of the dry weight of the 

biomass (Wang et al., 2016), which is anticipated to be between 15 and 25 t ha/year. 

Additionally, a number of dietary components, including phosphorus, carbon, 

nitrogen and iron, are acknowledged as some of the most significant influences on the 

yield of biomass and the accumulation of lipids (White et al., 2013). 

For the optimization of mass microalgal production, it is critical to have a thorough 

understanding of how a particular microalgal strain responds to different culture 

conditions, such as nutrition delivery (Hyka et al., 2013). There is a shortage of high-

quality microalgae available in hatcheries, and a number of species that were once 

utilized in such hatcheries have since been abandoned due to their poor nutritional 

value (Ponis et al., 2006). Therefore, choosing an algal species and strain can be 

regarded as the first and most crucial stage in designing a dependable and financially 

feasible technique for the mass production of microalgae. To take advantage of the 

nutritional features, the top performing tropical strains should be chosen because they 

are better acclimated to the same environment, perform better, and are more resilient. 

Despite being a crucial component of microalgal technology, measuring and 

monitoring cell growth has received little attention (Havlik et al., 2013).To utilize 

microalgae commercially in aquaculture, pharmaceuticals and other sectors, screening 

of microalgal species should be done through performance characterization. The 

characterisation of microalgae in Bangladesh has, however, received very little study 

attention. In order to choose possible strains that will provide competitive advantages 

for any commercial usage, the current approach compares the growth rate and 

nutritional characteristics of various freshwater and marine microalgae 

(Chlamydomonas sp., Navicula sp., Gonyostomum sp., Nannochloropsis sp., 

Choricystis sp., Chromochloris sp., Tetraedron sp., Chlorobotrys sp. Coelastrella sp., 

Kirchneriella sp. and four strains of Oscillatoria sp1, Oscillatoria sp2, Oscillatoria 

sp3 and Oscillatoria sp4). 
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The ultimate aim of this research is to select potential strains of microalgae for 

commercial application with the characteristics of fast growth, suitable pigments and 

proximate composition. The specific objectives are: 

 To isolate and identify microalgae from different marine and freshwater 

sources of Bangladesh 

 To determine the growth phases of selected isolated microalgal species 

 To determine pigment, proximate and bio-chemical composition of selected 

isolated microalgal species 
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Chapter-2: Review of Literature 

2.1 Microalgae 

One of the contemporary biotechnologies is microalgae culture. The first unialgal 

cultures were produced by Beijerinck in 1890 using Chlorella vulgaris, and Warburg 

pioneered the use of such cultures for research into plant physiology in the early 

1900s. Many of these early experiments are summarized in the famous book compiled 

by Burlew (1953), which was published after 1948 at Stanford (USA), Essen 

(Germany), and Tokyo. With research on the utilization of algae as microbial protein 

sources and as photosynthetic gas exchangers for space travel, interest in applied algal 

culture has remained strong. Chlorella was first grown commercially on a big scale in 

Japan in the early 1960s. In the early 1970s, a Spirulina harvesting and cultivation 

plant was established in Lake Texcoco, Mexico. By 1980, 46 large-scale factories in 

Asia were producing more than 1000 kg of microalgae (primarily Chlorella) per 

month (Kawaguchi, 1980), and in 1996, about 2000 t of Chlorella were traded in 

Japan alone. Dai Nippon Ink and Chemicals Inc. established a commercial Spirulina 

plant in Thailand. In the USA, other Spirulina plants have been developed, including 

Microbio in California and Cyanotech in Hawaii. When Western Biotechnology Ltd. 

and Betatene Ltd. (now Cognis Nutrition & Health) built manufacturing facilities in 

Australia in 1986, Dunaliella salina's use as a source of -carotene rose to become the 

third-largest microalgae sector. Other commercial facilities in Israel and the USA 

quickly followed these. Around the same time as these algae, large-scale production 

of cyanobacteria (blue-green algae) started in India. In the USA and India, numerous 

plants that produce Haematococcus pluvialis as a source of astaxanthin have recently 

been created. As a result, in a relatively short time of only around 30 years, the 

microalgal biotechnology industry has greatly expanded and diversified (Perumal et 

al., 2012). 

2.1.1 Chlamydomonas sp. 

Taxonomic Classification:  

    Kingdom: Plantae  

         Phylum: Chlorophyta  
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                 Class: Chlorophyceae  

                        Order: Chlamydomonadales  

                                Family: Chlamydomonadaceae  

                                      Genus: Chlamydomonas (Ehrenberg, 1834)  

Green algae belonging to the genus Chlamydomonas can be found in freshwater, 

saltwater, and even snow. Hoham et al., 2002).  Chlamydomonas are unicellular, 

motile, spherical or slightly cylindrical creatures with or without papillae. 

Chloroplasts are often cup-shaped and green in color (Guiry, 2007). The genus is 

distinguished by having two anterior flagella that are equal in length to one another 

(Harris, 2009). When one of the flagellar microtubules is injured, the cell may 

disintegrate both of them to give extra parts for rebuilding the damaged microtubules 

(Gelfand, 1991) 

2.1.2 Navicula sp. 

Taxonomic Classification: 

    Kingdom: Chromista 

        Phylum: Ochrophyta 

             Class: Bacillariophyceae 

                   Order: Naviculales 

                          Family: Naviculaceae 

                              Genus: Navicula (Bory de Saint-Vincent, 1822) 

Navicula is a single-living, motile diatom. It has a boat-like shape and a yellowish 

brown tint. It has the raphe that surrounds the cell wall, which is found in the 

cytoplasm close to the cell wall. (Bellinger and Sigee, 2010). On each side of the 

raphe, there are two chloroplasts (Cupp, 1943). Chloroplast is present along with the 

pyrenoids and a nucleus with two sizable vacuoles are all also present. True Navicula 

species exhibit lanceloate valves with narrow axial areas surrounded by thin striae that 

are radiating at the center but parallel to the cell apices (Bellinger and Sigee, 2010). 
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2.1.3 Gonyostomum sp.  

Taxonomic Classification:  

   Phylum: Ochrophyta  

          Class: Raphidophyceae  

                  Order: Raphidomonadales  

                        Family: Vacuolariaceae  

                               Genus: Gonyostomum (Diesing, 1866)  

The vegetative cells of G. semen are drop-shaped. The cells are up to 100 µm long, 

(Drouet et al., 1935). As they lack a cell wall and are solely protected by a cell 

membrane, they can vary greatly in size and shape. Numerous oval, bright green 

chloroplasts are present throughout the cells. Chlorophyll a is the pigment responsible 

for its bright green color. The pigments chlorophyll c1 and c2, diadinoxanthin, trans-

neoxanthin, cis-neoxanthin, α and β carotene, violaxanthin, zeaxanthin and 

alloxanthin are also present in G. semen (Sassenhagen et al., 2014). Trichocysts, 

which are tiny organelles found beneath the cell membrane, erupt under physical 

strain and emit slimy threads (Lebret et al., 2012). 

2.1.4 Nannochloropsis sp.  

Taxonomic Classification:  

    Kingdom: Chromista  

           Phylum: Ochrophyta  

                Class: Eustigmatophyceae  

                      Order: Eustigmatales  

                            Family: Monodopsidaceae  

                                 Genus: Nannochloropsis (Hibberd, 1981) 

Unicellular, planktonic Nannochloropsis sp. have either 2-4 m diameter subspherical 

or 3-4 1.5 m cylindrical cells (Al-Hoqani et al., 2016). The Nannochloropsis sp. are 
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small, non-motile spheres that can't be separated by either light or electron 

microscopy (Andersen et al., 1998). They develop primarily in marine habitats but 

can also be found in fresh and brackish water. they typically have a yellow-green 

chloroplast with the primary pigments being chlorophyll a and the xanthophylls 

violaxanthin and vaucheriaxanthin (Lubián et al., 2000). 

2.1.5 Choricystis sp. 

Taxonomic Classification:  

    Kingdom: Plantae  

          Phylum: Chlorophyta  

                Class: Trebouxiophyceae  

                       Order: Incertae sedis  

                              Family: Coccomyxaceae  

                                   Genus: Choricystis (Fott, 1976) 

The Coccomyxaceae family contains the genus Choricystis. The predominant 

production of 2 (occasionally 4) autospores per sporangium and the absence of 

pyrenoids are characteristics of Choricystis. Many different Choricystis species can be 

found in freshwater lake plankton, but they can also occasionally be found in 

terrestrial or aerial habitats connected to various substrates. The genus Choricystis is 

known for its small cells, lack of mucilage, absence of pyrenoids, and autosporulation, 

which is frequently characterized by the production of two autospores (Zidarova et. 

al., 2009). 

2.1.6 Chromochloris sp. 

Taxonomic Classification:  

     Kingdom: Plantae  

          Phylum: Chlorophyta  

                Class: Chlorophyceae  
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                      Order: Sphaeropleales  

                             Family: Scenedesmaceae  

                                 Genus: Chromochloris (Kol and Chodat, 1934) 

Chromochloris sp. is a straightforward 4-m-long, unicellular, haploid, coccoid alga 

with several mitochondria, which are commonly seen as a tubular network, and a 

single interconnected chloroplast that makes up about 40% of the cell volume and 

includes starch granules. The majority of mitochondria are closely related to either the 

nucleus or the chloroplast. Neither pyrenoids nor flagella (cilia) were seen, though. 

Although it can also split into 16, 32, or 64 cells, Chromochloris sp. typically 

produces two or four daughter cells from each division. Although the timing of cell 

division is unknown to be regulated, it is found that the daughter cells are of the same 

size (Roth et al. 2017). 

2.1.7 Tetraedron sp. 

Taxonomic Classification:  

     Kingdom: Plantae  

          Phylum: Chlorophyta  

               Class: Chlorophyceae  

                      Order: Sphaeropleales  

                            Family: Hydrodictyaceae  

                                  Genus: Tetraedron (Kützing, 1845) 

The coccal, unicellular green algae genus Tetraedron is easily recognized by its 

distinctive polygonal shape. It belongs to the family of common freshwater planktonic 

algae that is widely found in tropical and temperate environments (Stoyneva et al., 

2012). The Tetraedron consists of solitary, unattached cells that can be triangular and 

flat, pyramidal, polyhedric. The angles can be whole, with or without spines, or they 

can be differently lobed to create dichotomous or trichotomous processes with spine-

tipped tips (Prescott, 1951). Cells are 12 µm in diameter. One pyrenoid and one 

parietal chloroplast are present in each cell (Jadhavar and Papdiwal, 2016). Like many 
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of its relatives in the Chlorococcales, Tetrahedron reproduces asexually by enlarging 

polyhedral cells to generate autospores, which can range in number from 4 to 32 

depending on the species. This organism can also reproduce by creating motile 

zoospores. (Pickett-Heaps, 1972; Starr, 1954). 

2.1.8 Chlorobotrys sp.  

Taxonomic Classification:  

     Kingdom: Chromista  

           Phylum: Ochrophyta  

                 Class: Eustigmatophyceae  

                       Order: Eustigmatales  

                             Family: Chlorobothryaceae  

                                   Genus: Chlorobotrys (Bohlin, 1901)  

The Eustigmatophyceae family contains the genus Chlorobotrys. In culture, the cells 

are essentially spherical with an average diameter of 12-5 zm (range: 9.25-16.6 zm). 

Their adjacent faces are gently flattened against one another and they are typically 

seen in pairs. The cell wall is smooth, colorless, thick, and somewhat rigid, yet it also 

exhibits a noticeable degree of flexibility. The refractile appearance of the cell wall 

under a light microscope adds another distinctive feature. Chlorobotrys sp. cells are 

distinguished by the presence of a single, substantial, colorful, refractile globule in 

each one, in addition to the mucilage and cell wall (Hibberd, 1974). 

2.1.9. Coelastrella sp.  

Taxonomic Classification:  

      Kingdom: Plantae  

            Phylum: Chlorophyta  

                   Class: Chlorophyceae  

                            Order: Sphaeropleales  
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                                    Family: Scenedesmaceae  

                                           Genus: Coelastrella (Chodat, 1922) 

Coelastrella species are elliptical until citriform and coccoid. They can be found as 

aggregations of a few cells or as single-celled microalgae. The sculptured cell walls of 

these species, which have 16–40 meridional ribs and either have or do not have polar 

thickenings, make them unique (Uzunov et al., 2008; Kaufnerová and Eliá, 2013). 

The cell wall has two layers. The cells are uninucleate, with numerous noticeable 

vacuoles, one parietal cup-shaped chloroplast, and one pyrenoid surrounded by two or 

three starch plates (Tschaikner et al., 2007a). Asexual reproduction occurs when the 

parental cell wall ruptures, releasing 2–16 autospores (Guiry and Guiry 2020). The 

distinctive differences in the wall sculptures, together with other morphological 

characteristics including cell morphology, chloroplast, and pyrenoid structures, are 

helpful for identifying the species (Hanagata et al., 1996; Tschaikner et al., 2007b). 

2.1.10 Kirchneriella sp. 

Taxonomic Classification:  

     Kingdom: Plantae  

           Phylum: Chlorophyta  

                Class: Chlorophyceae  

                       Order: Sphaeropleales  

                               Family: Selenastraceae  

                                    Genus: Kirchneriella (Schmidle, 1893) 

Colonies of cells often make up Kirchneriella, which is covered in a thin layer of 

mucilage. Typically, a colony contains 4-16 individuals, though occasionally they live 

alone. A single chloroplast with one pyrenoid is found inside each crescent-shaped 

cell. They are dispersed erratically throughout the mucilage (Shubert and Gärtner, 

2015).The size and form of a cell can be used to identify between different species 

(Komárek and Fott, 1983). Autospores that are arranged serially within the mother 
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cell are used by Kirchneriella to replicate. They are expelled when the mother cell 

wall ruptures (Da Silva et al., 2013). 

2.1.11 Oscillatoria sp. 

Taxonomic Classification:  

     Kingdom: Bacteria  

          Phylum: Cyanobacteria  

                Class: Cyanophyceae  

                      Order: Oscillatoriales  

                           Family: Oscillatoriaceae  

                                  Genus: Oscillatoria (Gomont, 1892) 

Oscillatoria is a genus of blue-green algae.This filamentous unbranched algae 

reproduces by fragmentation. The steady, repetitive oscillation that gives it its name is 

considered to be caused by mucilage secretion that pulls the filament away from the 

direction of excretion. Trichomes, which are composed of rows of cells, make up each 

filament of oscillatoria. The trichome's tip oscillates back and forth like a pendulum. 

Reproduction only occurs through vegetative methods. The filament typically splits 

into a number of pieces known as hormogonia. Each hormogonium is made up of one 

or more cells that divide in one direction to form a filament (Britannica, 2016). 

2.2 Role of Microalgae 

A microalga is a significant source of nutrition and is frequently employed, either 

directly or as an additional source of fundamental nutrients, in the aquaculture of 

other organisms. Microalgae are used as a source of food in aquaculture farms that 

raise larvae of molluscs, echinoderms, crustaceans, and fish. A vital food supply for 

shellfish aquaculture is a low bacterial and high microalgal biomass. Microalgae can 

serve as the initial link in a series of other aquaculture activities. For instance, a 

microalga plays a significant role in brine shrimp farming as a food supply. In order to 

provide a convenient source of live feed for the aquaculture of larval fish and 

crustaceans, brine shrimp develop latent eggs known as cysts that may be maintained 
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for extended periods of time and then hatched on demand. The visual appeal of finfish 

raised in captivity is one of the other uses of microalgae in aquaculture. One such 

instance is the employment of a microalga to make salmon flesh pinker in salmon 

farming. This is accomplished by supplementing the diet of farmed fish with natural 

pigments that contain carotenoids, such as Astaxanthin made from the microalgae 

Haematococcus (Perumal et al., 2012). 

2.3 Isolation of Microalgae 

The first and most important step in the bioprospecting of microalgae for any 

commercial use is the selection of the species or strain (Barclay and Apt, 2013). 

Sample collection, isolation, purification, identification, maintenance, and 

characterization of prospective products are among the stages involved in the 

screening of microalgae species (Gong and Jiang, 2011). Depending on the types of 

microalgae, 18S ribosomal RNA genes for eukaryotic microalgae and 16S ribosomal 

RNA for prokaryotic microalgae can be used to sequence algal taxonomy. There 

aren't many studies on the isolation and molecular characterization of the algae in 

Bangladesh, despite the fact that this method is now widespread in other parts of the 

world. Tarin et al. are the first to report on microalgae isolation in Bangladesh. In 

order to assess their potential as feedstock and biofuel production, they isolated and 

characterized Chlorella vulgaris and Anabaena variabilis from natural and manmade 

water bodies at Dhaka University and Khulna in 2016. By examining partial 18S 

rDNA sequences, Pithophora polymorpha and Spirogyra maxima, two newly reported 

microalgae from Bangladesh, were successfully identified (Alfasane et al., 2019). 

Islam et al. (2021) have described four marine microalgae (Chlorella sp., 

Nannochloropsis sp., Tetraselmis sp., and Chaetoceros sp.) isolated from 

Bangladesh's Cox's Bazar coast in terms of growth performance, pigments, and 

nutritional composition. In Bangladesh, local microalgae and their potential, 

particularly in freshwater habitats, have received very little attention. 

2.4 Growth factors of microalgae 

Growth of microalgae is affected by some factors such as length of photoperiod, 

temperature, pH and light intensity (Wahidin et al., 2013).  

2.4.1 Light 
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Intensity of light is an important factor for microalgae cultivation. Generally, for 

biomass growth, microalgae depend on enough carbon source (about 40-50% carbon) 

and light to carry out photosynthesis process (Moheimani, 2005). Requirement varies 

on the basis of the conditions. For an Erlenmeyer flask; 1000 lux is suitable where 

5000-10000 lux required for larger volume (FAO, 1996). The use of fluorescence 

light for indoor culture can promote a better growth and cell division of microalgae 

(Laing, 1991). However, maximum exposure of light can become limiting factor to 

microalgae density. Kaewpintong (2004) reported that cell growth rate increase 

depending on light intensity, but until a definite stage and after that the growth 

decrease.  It is supported by Lavens and Sorgeloos (1996) that higher light intensity 

may result in photo-inhibition. 

2.4.2 Temperature 

Temperature is the 2nd most prior factor for culturing microalgae. Besides, above 27 

ºC will make the algae die (Laing, 1991). Various microalgae are viable with very low 

temperature than its optimum (upto 15 ºC lower), but crossing limit above by 1-4 ºC 

can create a great damage (Teresa et al., 2010). Changing of light intensity will 

influence temperature which indirectly affects growth of microalgae (Huang et al., 

2013). Optimum temperature of microalgae culture ranged from 20 to 24 ºC. 

2.4.3 pH 

pH plays an important role for culturing microalgae. Many cellular activities disrupt 

in microalgae cell because of pH level failure (Lavens and Sorgeloos, 1996). pH is 

directly related with CO2 accessibility and for that reason it is also essential for 

photosynthesis. Higher pH concentration may reach at limiting values at pH 9 (FAO, 

1996). 

2.4.4 Nutrient composition of media 

Nitrate, phosphate and silicate are some examples of macronutrients essential for 

microalgae growth (Lavens and Sorgeloos, 1996). Nitrogen is considered as the most 

important and common type of nutrient in the culture medium (Thompson et al., 

1989). Zinc, cobalt, boron, iron and manganese are the most commonly used trace 

metals (Probert and Klaas, 1999). Others are thiamine (B1), cyanocobalamin (B12) 

(FAO, 1996). Lourenço (2006) reports direct interaction of nutrients on growth of 
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microalgae. Commercial media contain all types of micronutrients and macronutrients 

to help the growth of microalgae.    

2.4.5 Mixing and aeration 

Homogenize mixing and aeration is also an important factor for microalgae growth. 

Kaewpintong (2004) found fine development of cell growth in an aerated culture 

system (bioreactor) than non-aerated system.   

On the contrary, excess liquid pressure, velocity, over turbulence and excess bubbles 

can create stress to the cell which result cell damage (Eriksen, 2008). It is also 

important to prevent sedimentation. So, to ensure better contacts with cell and 

nutrients it is also important to maintain homogenous conditions through balance 

aeration.  

2.5 Microalgal growth  

Five phases can be seen in the growth of microalgae (Lavens and Sorgeloos, 1996). 

These can be categorized into the following phases: lag phase, exponential phase, 

linear growth phase, stationary growth phase, decline or death phase, and so forth. 

Microalgae exhibit each phase when the conditions are right. 

 

Figure 12: Microalgae growth curve (Teresa et al., 2010) 

Here, the cell is in the lag phase, when it is still alive but not yet prepared to divide. 

Cell density started to rise over the course of the second phase. During the 

exponential development phase, microalgae frequently quadruple their biomass 

(Chisti, 2007). They enter a stationary phase where the pace of growth is balanced. 

Microalgae are most dense in this phase compared to all other phases. Finally, the 

dying stage, during which the cell density began to decrease. Growth is now starting 
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to be constrained by physical parameters like pH, CO2, and nutrition levels (FAO, 

1996). 

2.6 Pigments of Microalgae 

2.6.1 Chlorophyll 

Chlorophylls, carotenoids, and phycobilins are the main pigment groups found in 

microalgae, and they are regarded as one of the most important products from 

microalgae (Granado-Lorencio et al., 2009). The two primary forms of chlorophylls 

are chlorophyll-a and chlorophyll-b, and chlorophyll is one of the important bioactive 

substances that can be isolated from microalgae (Aris et al., 2010). Chlorophyll-b 

participates indirectly in photosynthesis by transforming the light it absorbs into 

Chlorophyll-a, which is the major pigment responsible for turning light energy into 

chemical energy (Nayek et al., 2014). Having antioxidant properties, chlorophyll and 

its derivatives are employed as natural food coloring agents (Hosikian et al., 2010) 

and are also commonly found in pharmaceutical products (Bhagavathy and Sumathi, 

2012).        

2.6.2 Carotenoid 

Carotenoid is a naturally occurring, lipid-soluble pigment that ranges in color from 

yellow to red. It predominates in plants and is crucial for photosynthesis in both algae 

and bacteria (Lamers et al., 2012). However, a number of variables, including salinity, 

light intensity, nutritional shortage, and temperature, have an impact on the formation 

of carotene. (2009) Kleinegris et al. Natural foods including egg yolk, chicken, and 

fish have been found to utilise carotenoids widely as coloring agents. More than 750 

carotenoids have been discovered, but only a select few, including astaxanthin, 

canthaxanthin, lutein, lycopene, and -carotene, have been employed commercially 

(Vlchez et al., 2011). The main benefit of employing microalgae as a carotenoids 

carrier is their beneficial effects on human health because of the abundance of other 

antioxidants they contain.  

2.6.3 Phycobiliproteins 

Phycobiliproteins are a class of proteins that have linear tetrapyrrole chromophoric 

groups covalently linked (Ba´saca-Loya et al., 2009). Phycoerythrin (PE), 

Phycocyanin (PC), and Allophycocyanin (APC) are the three most prevalent 
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phycobiliproteins (Wiedenmann, 2008). Phycocyanin is a pigment used commercially 

in the pharmaceutical sector because it shields the photosystems from free radicals 

and can stop the oxidative damage caused by free radicals. According to Mathivanan 

et al. (2015), phycocyanin is a water-soluble, intensely fluorescent, blue-green light-

harvesting pigment that is unique to some algae species and is a member of the 

Rhodophyta and Cryptophyta families. It is specifically found in cyanobacteria. 

Phycobiliproteins are widely employed as nutraceuticals, natural colors, and in 

various biotechnological applications in the food, cosmetics, pharmaceutical, and 

diagnostics industries (Becker, 2004). 

2.7 Proximate composition of microalgae 

The approximate composition of microalgae is typically the percentage composition 

of several essential elements like water, protein, fat, carbohydrate, and ash(Ganguly et 

al., 2018). When compared to lipid and carbohydrate, the protein content of 

microalgae often makes up a larger fraction (Lavens and Sorgeloos, 1996). 

Microalgae, particularly Chlorella sp., have a total protein concentration of between 

43-50%(Phukan et al., 2011). Some algae, especially blue-green and green algae, have 

very high protein contents that can be employed as functional food ingredients, 

ranging from 40 to 60% (of dry matter). In terms of protein content, amino acid 

purity, and nutritional acceptability, algal proteins have a high nutritional value 

(Reyes et al., 2012). The lipid content of microalgae typically ranges from 20 to 50% 

of the dry weight of the cell, but it can reach as high as 80% in some circumstances 

(Michael and Borowitzka, 2018). Microalgae can overproduce lipids or carotenoids 

when they are under stress, such as when there is a lack of nutrients, high salt, or 

intense light. 

The species of microalgae in biomass depends on the type of microalgae and growth 

conditions. Although carbohydrates have a lower energy value than other microalgal 

substances, they constitute the initial raw material used in the biotechnological 

conversion process to create biofuels (Andreeva et al., 2021; Aytenfisu et al., 2018). 

The species of microalgae and growing conditions can affect the number of lipids, the 

proximity or location of double bonds in the carbon chain, and the amount of 

carbohydrates in the biomass (Villarruel-Lopez et al., 2017; Park et al., 2014). 
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In order to discover the possible species for various aquaculture applications, the goal 

of this project is to isolate microalgae from Kaptai Lake, Halda River, Sonadia, 

Maheshkhali and Naf estuary. Additionally, isolated microalgae will be characterized 

based on growth, pigments, and proximate composition. 
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Chapter 3: Materials and Method 

3.1 Sample collection: 

The microalgae samples were collected from March to July from different freshwater 

bodies and marine water stations of Chattagram, Bangladesh. Freshwater microalgae 

samples were collected from Halda River(22
o
51′ N, 91

o
84′ E),  and Kaptai Lake 

(22
o
64′ N, 92

o
19′ E), Sonadia (21.28′ N, 91.5′ E), Maheshkhali(21

o
31′ N, 91

o
59′ E), 

and the Naf estuary (20
o
47′ N, 92

o
28′ E), were the three locations of Bay of Bengal 

from where marine microalgae samples were collected. 

3.2 Determination of water quality parameters 

Some water quality parameters such as water temperature, pH, dissolved oxygen 

(DO) and salinity were measured on spot using glass thermometer, a handheld pH 

meter (pHep-HI98107, HANNA, Romania), dissolve oxygen meter (DO-5509, 

Lutron) and a handheld ATC refractometer (YEGREN) respectively. Before usage, all 

the instruments were calibrated. In addition, total ammonium nitrogen (TAN), nitrite–

nitrogen (NO2-N) and soluble reactive phosphorous (SRP) were later determined on 

laboratory by using Parsons et al. (1984) analytical methods. 

3.2.1 Determination of total ammonia nitrogen (TAN)  

Total ammonia nitrogen was determined using the chemical method of Parson et al. 

(1984). Total ammonia nitrogen was determined according to Parson et al. (1984). 

Standard stock solution was prepared by weighing 9.343 g of anhydrous grade 

(NH4)2SO4 (dried at 110C for 1 hour, cooled in desiccator before weighing) and 

dissolving in 1000 ml deionized water. From the stock solution (1000 mg L
-1

 of total 

ammonia-nitrogen), a series of standard solutions (0.01, 0.03, 0.05, 0.07, 0.1, 0.3, 0.5 

and 1.0 mg L
-1

) were prepared by mixing with appropriate ratio of deionized water.  

Samples and standard solutions (10 ml) were placed in test tube. Then 0.4 ml of 

phenol solution (20 g of analytical grade phenol was dissolved in 200 ml of 95% v/v 

ethyl alcohol ) and 0.4 ml of sodium nitroprusside (1 g of Na2[Fe(CN)5 NO]2H2O was 

dissolved in 200 ml of DDH2O water) were  added in each testube. Finally, 1 ml of 

oxidizing solution was added and cooled at. The test tubes were covered with parafilm 

(the color is stable for 24 hours after the reaction period) and kept at room 
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temperature (20-27C) for 1 hour. After 1 hour, the extinction was measured at 640 

nm using spectrophotometer (Nano Drop Spectrophotometer, Model-Nanoplus, 

Germany). Oxidizing solution was prepared by mixing 100 ml of alkaline reagent 

(100 g of sodium citrate and 5 g of sodium hydroxide were dissolved in 500 ml of 

DDH2O) and 25 ml of sodium hypochlorite solution [commercial hypochlorite (e.g. 

clorox) which should be about 1.5 N]. 

3.2.2 Determination of nitrite-nitrogen (NO2-N)  

Nitrite was determined using the chemical method developed by Parsons et al. (1984). 

Standard stock solution was prepared by weighing 4.93 g anhydrous grade NaNO2 

(dried at 110C for 1 hour, cooled in desiccator before weighing) and dissolving it in 

1000 mL deionized water. From the stock solution (1000 mg L
-1 

of NO2-N), a series 

of standard solutions (0.01, 0.03, 0.05, 0.07, 0.1, 0.3, 0.5 and 1.0 mg L
-1

) were, 

prepared by mixing with deionized water.  

Samples and standard solutions (10 ml) were taken in test tube.  Then 0.2 ml of 

sulfanilamide solution was added. Sulfanilamide solution was prepared by dissolving 

5 g of sulfanilamide in a mixture of 50 mL of concentrated hydrochloric acid and 

diluted to 500 ml with DDH2O. After more than 2 minutes but less than 10 minutes, 1 

ml of NED reagent (0.5 g of the N- (1-napthyl)-ethylenediamine dihydrochloride was 

dissolved in 500 ml of distilled water) was added and mixed immediately using vortex 

mixture. Between 10 minutes and 2 hours afterwards, the extinction was measured at 

a wavelength of 543 nm by using the Nano Drop Spectrophotometer (Model-

Nanoplus, Germany).  

3.2.3 Determination of soluble reactive phosphorous (SRP)  

Soluble reactive phosphorous (SRP) was determined according to Parsons et al. 

(1984). Standard stock solution was prepared by weighing 4.39 g of anhydrous grade 

potassium dihydrogen phosphate, KH2PO4 (dried at 110
°
C for 1 hour, cooled in 

dessicator before weighing) and dissolving in 1000 ml deionized water. From the 

stock solution (1000 mg L
-1

of PO4-P) a series of standard solutions (0.01, 0.03, 0.05, 

0.07, 0.1, 0.3, 0.5 and 1.0 mg L
-1

) was prepared by mixing with deionized water.  

Samples and standard solutions (10 ml) were placed in test tubes and 1 ml of mixed 

reagent was added. After 5 minutes and preferably within the first 2-3 hours, the 
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extinction was measured at 885 nm by using Nano Drop Spectrophotometer (Model-

Nanoplus, Germany). Mixed reagent was prepared by mixing 100 ml of ammonium 

molybdate (15 g of analytical reagent grade ammonium paramolybdate 

(NH4)6Mo7O24 was dissolved in 500 ml of distilled water), 250 ml sulfuric acid, 100 

ml ascorbic acid (27 g of ascorbic acid was dissolved in 500 ml of distilled water) and 

50 ml of potassium antimonyl-tartrate solution (0.34 g of potassium antimonyl-tartrate 

(tartar emetic) was dissolved in 250 ml of water).  

3.3 Collection of microalgae  

Sample was collected by using 60 µm mesh size plankton net and the collected 

samples were taken in 500 ml sample bottle containing nutrient solution (Bold basal 

medium for freshwater microalgae, and Conway medium for marine and coastal water 

microalgae). After that, until they were brought to the lab, the sample bottles with 

sample were maintained at refrigerated condition. It is crucial to remember that the 

collected microalgae must be kept in nutrient solution to keep them alive.  

3.4 Centrifugation 

The collected microalgae samples were concentrated by centrifuging at 4000 rpm for 

5 minutes. The separation efficiency of centrifugation depends on speed and time and 

it should be remembered that excessive centrifugal force can sometimes damage 

fragile cells (Singh et al., 2016). After centrifugation, the supernatant fraction 

containing low density cells such as bacteria was discarded, while the concentrate 

containing microalgae and higher-density cells was kept. After several centrifuging 

cycles, a higher concentration of desired concentrate containing microalgal strain was 

achieved and it was used for isolation. Several studies have shown that centrifugation 

aids in concentrating algal cells and reducing the bacterial population. Though this 

technique does not generate an axenic algal culture by itself, it will ensure the purity 

of cultures by facilitating posterior techniques (Fernandez-Valenzuela et al., 2021).  

3.5 Determination of microalgal diversity 

Filtered raw freshwater samples from each of the sampling site were preserved by 

adding a few drop of lugol’s iodine to determine the microalgal diversity. Then the 

samples were observed under microscope and microalgal diversity was determined by 
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using phytoplankton identification books such as Belcher and Swale (1976); John et 

al. (2002) and Bellinger and Sigee (2010). 

3.6 Isolation of Microalgae 

3.6.1 Streak Plating Technique (Phang and Chu 1999)  

3.6.1.1 Agar plate preparation 

For preparing the agar medium, 1.5 % agar was added to 1 L of BBM or Conway 

media and solution was sterilized in an autoclaved at 121˚C temperature for 15 min 

under 150 lbs pressure. Then the agar medium was cooled to about 50 °C and vitamin 

solution was added into it while mixing by gently rotating the flask to ensure mixing 

of the nutrients and avoid bubble formation. After that, the warm medium was 

aseptically poured into the sterile petri dish where the agar was at least ½ or ¾ the 

depth of the petri dish, and agar medium was left to cool and solidify and stored in 

plastic bags in a refrigerator until further use.  

3.6.1.2 Streaking in agar plate 

After preparation of the agar plate 1-2 drops of the concentrated natural collection 

was placed near the periphery of the agar. Concentarte will be allowed to streak 

through loop in plates in axenic condition and to keep for at least seven days to grow 

microalgae. Repeated streak-platings will be carried out to peak up single colony from 

earlier streaked plates and to make free from bacteria. From last streaked plates, the 

single colonies will be picked up by loop and allowed to grow in tubes and vials. 

Before putting in the tubes and vials, the single cell growth and purity of single 

species will be confirmed after observing under microscope. Then, the pure culture of 

isolated microalgae will be maintained in BBM or conway media in tube, vial and 

volumetric flask in the laboratory for further use and study. Following the above 

procedure, the important microalgae will be isolated, allowed to grow in culture 

media (BBM and Conway media) and maintained in the laboratory. 

3.6.2 Serial dilution 

For serial dilution, test tubes were filled with 9 ml of culture medium prepared in the 

last lab. Tubes were labeled as 10
-1

 –10
-10

 to indicate dilution factor. After that, test 

tubes were put in the biological safety cabinet where test tube cap was removed and 
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its neck was flamed and 1 ml of enrichment sample was added to the test tube (10
-1

) 

and mixed gently. Then, 1 ml of this dilution was taken and added to the next tube 

(10
-2

) and then mixed gently and this procedure was repeated for the remaining tubes 

(10
-3

 –10
-10

). After completing the dilution procedure, test tubes were incubated under 

controlled temperature and light conditions. After 2–4 weeks, the cultures were 

examined microscopically by withdrawing a small sample aseptically from each 

dilution tube where unialgal culture found in one of the higher-dilution tubes, e.g., 10
-

6
 –10

-10
. When the tubes contain two or three different species, capillary pipetting 

method was applied for isolation of single algal species.  

3.6.3 Picking up method (Capillary method) 

First, a micropipette was made from a glass pasteur pipette for the capillary picking 

up method. The tip of the pipette was held in the hotter part of the flame while being 

supported on the left by a hand and on the right by forceps. Once the pipette reached a 

soft, pliable condition, it was quickly removed from the flame with a gentle pull to 

create a thin tube. The forceps was then moved to the proper spot of the thin tube 

where it was gently bent until it broke and formed a micropipette. The micropipettes 

were then sterilized at 126°C for 15 minutes and attached to a piece of soft rubber 

tubing when ready for use. These were used to pick up single cells from the collected 

sample under a microscope.  

After sample collection, the microalgal samples are immediately placed in sterile Bold 

basal medium (BBM) for freshwater algae or Conway medium for marine algae. 

Individual cells will be extracted using a micropipette in a series of tries. 4-6 drops of 

sterile Bold basal medium or Conway medium was placed in the groove of a glass 

slide. The microalgal sample will then be introduced, and a drop will be examined 

under an inverted microscope. One drop of the sample will be added to the following 

one after the target organism has been confirmed. To isolate a single cell in its purest 

form and to ensure its purity, the method will be performed numerous times (Guillard, 

1995). In order to preserve the isolated microalgal species, either BBM or CM was 

used for growth. 

3.7 Morphological identification of microalgae 

Morphological identification of isolated microalgae was done microscopically at 40X 

magnification and based on the morphological characteristics using phytoplankton 
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identification books (Belcher and Swale, 1976; John et al., 2002 and Bellinger and 

Sigee, 2010). 

3.8 Preparation of culture media for microalgal growth 

3.8.1 Preparation of BBM (Bold basal medium) 

For the preparation of BBM, distill water was used as a source of freshwater. Standard 

BBM was used for the culture of microalgae. To prepare 1L of BBM, first 10mL of 

each stock solution (1-6), 1 mL of stock solution (7, 8 and 10) and 0.7ml of boric acid 

solution (9) was added into 940 mL of dH2O. Finally, 0.5ml of filter sterilized vitamin 

solution (11) was poured into it. Table- 3.1 showed the different constituents of BBM. 

Table 3.1 Constituents of bold basal medium  

Name of chemicals Quantity 

1. Potassium dihydro phosphate (KH2PO4) 8.75 g/500ml 

2. Calcium chloride dehydrate (CaCl2. 2H2O) 1.25g/500ml 

3. Magnesium sulfate hydrate (MgSO4. 7H2O) 3.75g/500ml 

4. Sodium nitrate (NaNO3) 12.5g/500ml 

5. Dipotassium phosphate (K2PO4) 3.75g/500ml 

6. Sodium chloride (NaCl) 1.25g/500ml 

7. Na2EDTA.2H2O 

Potassium hydroxide (KOH) 

10g/L 

6.2g/L 

8. Iron (2) sulfate 7-hydrate (FeSO4.7H2O) 

Sulphuric acid (H2SO4) 

4.98g/L 

1ml/L 

9. Boric acid (H3BO3) 5.75g/500ml 

10. Trace metal solution g/L 

Boric acid (H3BO3) 

Manganese (2) chloride tetrahydrate (MnCl2. 7H2O) 

Zinc sulfate hydrate (ZnSO4. 7H2O) 

Sodium molybdate dihydrate (Na2MoO4.2H2O) 

Copper (2) sulfate pentahydrate (CuSO4. 5H2O) 

Cobalt nitrate hexahydrate (Co(NO3)2. 6H2O) 

2.86g 

1.81g 

0.222g 

0.390g 

0.079g 

0.0494g 

11. Vitamins 0.5ml 

Thiamine HCl 200mg To 950 ml of dH2O  

Biotin 1g/L 1ml from each of the two 
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Cyanocobalamin 1g/L primary stocks was added then 

and made to 1L 

 

3.8.2 Preparation of conway Medium (Tompkins et al., 1995)  

Conway medium was used for the marine microalgae culture. Conway medium 

consists of various macronutrients, trace metals, and vitamins. 1 ml of solution A, 0.5 

ml of solution B, and 0.1 ml of solution C are added to 1litre of the filtered and 

sterilized sea water to prepare the medium. 

Table 3.2 Constituents of Conway medium  

Solution A- Macronutrients 

 

Chemical name  Molecular formula Proportions 

Sodium/Potassium nitrate NaNOз /KNOз 100.0 0 g/116.0 0 g 

EDTA Disodium salt C10H16N2O8 45.00 g 

Boric acid  H3BO3 33.60 g 

Sodium di-hydrogen 

orthophosphate 

NaH2PO4.4H2O 20.00 g 

Ferric chloride hexahydrate FeCL3.6H2O 1.30 g 

Manganese (II) chloride 

tetrahydrate 

MnCL2.4H2O 0.36 g 

Deionized/distilled water  H2O 1 L 

Solution B- Trace Metal solution 

 

Chemical name Molecular formula Proportions 

Zinc chloride ZnCl2 2.10 g 

Cobalt (II) chloride 

hexahydrate  

CoCl3.6H2O 2.00 g 

Ammonium molybdate 

tetrahydrate  

(NH4)6MO7O24.4H2O 0.90 g 

Copper (II) sulfate 

pentahydrate  

CuSO4.5H2O 2.00 g 

Zinc chloride  ZnCl2 2.10 g 
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Deionized/distilled water  H2O 1 L 

Solution C- Vitamin’s Solution 

 

Chemical name Molecular formula Proportions 

Thiamine Vitamin B1 200 mg 

Cyanocobalamin Vitamin B12 10 mg 

Deionized/distilled water  H2O 100 mL 

 

3.9 Determination of growth curve  

The isolated microalgae were cultivated using the BBM and conway media (Stein, 

1980). Cultures were grown at a temperature of 24 ± 1°C in a 350 mL culture volume 

of a sterile 500 mL borosilicate Erlenmeyer flask for each species with three 

replicates where 2% pure culture stocks were added in each flask. Microalgae cultures 

were maintained at 24 hr light condition at 150 μEm-2s
-1

 intensity with continuous 

gentle aeration at a rate of 4.53 ± 0.53 mg/L. The experiment was continued until the 

death phase and finally completed the growth curve depending on cell density 

(cells.ml
-1

) and optical density (absorbance). In case of cyanobacteria, growth curve 

was determind depending on chlorophyll-a and optical density (absorbance). 

3.9.1 Determination of cell density 

Microalgae cell count was carried out every day by using a Neubauer hemacytometer 

(0.0025 mm
2
, 0.1 mm deep chambers, Assistent, Germany). Before use, 

hemacytometer was cleaned with distilled water to make sure it is free from dust, lint 

and grease. To facilitate counting, Lugol’s iodine was added to microalgae sample for 

fixation and staining. Then small drop of properly mixed sample was placed into the 

counting chamber and the cells were allowed to settle 3-5 minutes for better counting. 

Under the magnification of 40X, microalgae cells were counted for both chambers of 

the hemacytometer. The cells were counted by using the following formulae (Lavens 

and Sorgeloos, 1996): 

Cell count (cell/ml) for 5 squares =
                             

    
 10

6
 

Cell count (cell/ml) for 25 squares =
                             

    
 10

6
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Where 10 and 50 = the squares of the 2 hemacytometer chambers and 4 x 10
-6

 = the 

volume of samples over the small square areas, that were equivalent to 0.004 mm
3
 

(0.2 mm x 0.2 mm x 0.1 mm), expressed in cm
3 

(ml). 

3.9.2 Determination of maximum absorbance (optical density) 

Optical density (OD) was measured every day for the growth curve analysis. BBM 

without any microalgae cells were used as blank. Maximum absorbance value for 

each microalga was used to perform the growth curve by OD. Maximum absorbance 

were measured at the wavelength of302 nm for Chlamydomonas sp., 301 nm for 

Navicula sp., 300 nm for Gonyostomum sp., 450nm for Nannochloropsis sp., 342 nm 

for Choricystis sp., 318 nm for Chromochloris sp., 342 nm for Tetraedron sp., 301 nm 

for Chlorobotrys sp. 301 nm for Coelastrella sp., 437 nm for Kirchneriella sp., 600 

nm for Oscillatoria sp1, 443 nm for Oscillatoria sp2, 530 nm for Oscillatoria sp3 and 

475 nm for Oscillatoria sp4.  as those wavelengths gave maximum absorbance when 

the culture samples were scanned between 300 to 700 nm, using a spectrophotometer 

(Nano Drop Spectrophotometer, Model-Nanoplus, Germany). 

3.10 Experimental design for pigment and proximate composition determination 

In large sterile 2L borosilicate Erlenmeyer flasks, having 1.7L pure BBM and 

Conway media were used for this experiment. Each of the microalgae species was 

cultured to maintain similar environmental condition (Temperature: 24 ± 1°C; Light: 

150 μEm-2s-1 intensity) until stationary phase. From the fresh cultured sample, 

carotenoid and chlorophyll were analyzed at the end of their exponential phase. As 

phycobiliprotein and proximate composition analysis required dry biomass, all the 

cultures were harvested at the end of their exponential phase by centrifugation 

(Hitachi* High-speed Refrigerated Centrifuge, himac CR 21g-II, China) depending on 

the growth curve experiment, and dried at 40°C temperature by using hot air oven and 

finally preserved at a refrigerator (4°C) for further use.   

3.11 Determination of biomass  

Biomass determination is prerequisite for productivity analysis. Biomass were 

determined by filtering of 1ml microalgae sample from each replication of individual 

microalgae through a pre-weighted (after marking of filter paper rinsed with 10ml 

distill water and dried at 100°C for 4hr in hot air oven) glass microfiber filter paper, 

which was further rinsed with 10ml distill water for three times. Then the filter paper 
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with biomass was oven dried at 100°C for 4hours. After that, final weight of filter 

paper was taken followed by 15min of desiccation and dry biomass was calculated 

according to Ratha et al. (2016). 

3.12 Determination of productivity 

Biomass productivity, areal productivity and lipid productivity were calculated 

according to Mercado et al. (2020) and Sukkrom et al. (2016). Productivity data was 

calculated at the end of the exponential phase. Specific growth rates (SGR) and Cell 

doublings per day were calculated according to Daniel and Srivastava (2016) and cell 

duplication time was calculated according to Chiu et al. (2008). 

3.12.1 Volumetric productivity 

Following equation was used to calculate volumetric productivity: 

Volumetric productivity/VP (mg L
-1

 day
-1

) =  
       

       
 

Where, X1 and X2 were the biomass concentrations (mg L
−1

) on days t1 (start of study) 

and t2 (end of the study).  

3.12.2 Areal productivity 

Following equation was used to calculate areal productivity: 

AP (mg cm
-2

 day
-1

) = 
    

 
 

Where, VP = volumetric productivity, V = total volume of the culture, A = surface 

area occupied ground.  

3.12.3 Lipid productivity analysis 

Lipid productivity (LP) was calculated by using the following equation: 

LP (mg L
-1

 day
-1

) =  
                                               

   
 

3.12.4 Specific growth rates (SGR) 

SGR was calculated using the formula as follows:  

SGR (r) = 
         

  
 

Where, Nt is the final cell count and No is the initial cell count; t is the number of 

days.  
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3.12.5 Cell duplication time 

Cell duplication time was calculated using the following formula: 

Cell duplication time td= 0.693/µ 

3.12.6 Cell doublings per day  

Cell doublings per day was calculated using the following formula:  

Cell doublings per day (K) = 
         

          
 

Where, Nn is the final cell count and Ni is the initial cell count; tn is the final time in 

days and ti is the initial time in days. 

3.13 Determination of pigments 

3.13.1 Extraction of microalgae for chlorophyll determination 

For the extraction of microalgae, first 1ml of MgCO3 solution (after proper shaking) 

was filtered through the filter paper (47 mm Ø Whatman® GF/C glass microfiber 

filter papers) by using filtering apparatus, so that most of the area of filter was 

covered. Then, 10ml of each algae sample was filtered and the edges which were not 

coated with residue were trimmed away. After that, the filter paper was fold and place 

into 15ml centrifuge tube where the middle of the filter is facing downward. Into the 

centrifuge tube, 2ml of 90% acetone was added and grind for 1 minute, again 8ml of 

90% acetone was added and grind for 30 sec. Then, the sample was refrigerated in the 

dark for 1 hour. After 1 hour, sample was centrifuged at 3000 rpm for 10 minutes and 

transferred the acetone extract into another centrifuge tube and centrifuged at low 

speed (500 rpm) for 5 minutes. Lastly, the absorbance of acetone extract was 

measured against 90% acetone as blank.  

3.13.2 Determination of chlorophyll  

Chlorophyll concentration was determined according to Jenkins (1982). The clean 

extract was transferred to a 1cm cuvette and OD was measured at 750, 664, 647 and 

630nm wavelength. OD at 664, 647, and 630 nm were used for chlorophyll 

determination where, OD at 750 nm was used as turbidity correction factor and 

subtracted from each of the pigments OD values before using them in the equations. 

Concentrations of chlorophyll a, b, and c in the extract were calculated by inserting 

the corrected optical densities in following equations (Jeffrey and Humphrey, 1975):  
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a) Ca = 11.85(OD664) - 1.54(OD647) - 0.08(OD630)  

b) Cb = 21.03(OD647) - 5.43(OD664) - 2.66(OD630)  

c) Cc = 24.52(OD630) - 7.60(OD647) - 1.67(OD664)  

Where: Ca, Cb, and Cc = concentrations of chlorophyll a, b, and c, respectively, mg/L, 

and OD664, OD647, and OD630 = corrected optical densities (with a 1 cm light path) 

at the respective wavelengths. After the determination of the concentrations of 

pigments in the extract, the amount of pigments per unit volume was calculated as 

follows: 

                    
                   

                    
 

3.13.3 Determination of carotenoids 

1 mL aliquot of the algal suspension from each culture was taken at their stationary 

phase and centrifuged at 1000g for 5 min. Then, the obtained pellet was extracted 

with 3 mL of ethanol: hexane 2:1 (v/v). After that, 2mL of water and 4 mL hexane 

(Sigma, USA) were added to the mixture, shaken vigorously and centrifuged again at 

1000 ×g for 5 min. Finally, absorbance of the separated hexane layer was determined 

using spectrophotometer at a wavelength of 450 nm. The amount of extracted 

carotene from the samples in micrograms was determined by multiplying the 

absorbance (A450) with 25.2 (Shaish, 1992). 

3.13.4 Determination of phycobiliproteins 

As phycobiliproteins estimation required dried biomass, the cultures were harvested 

by centrifugation at 6000 rpm for 5 min and the harvested pellets were dried at 40°C 

for overnight. 40 mg of dried powder was then soaked in 10 mL phosphate buffer (pH 

7.0; 0.1 M), mixed properly using vortex mixture, and then stored for 24 hr at 4°C. 

After that, the samples were centrifuged at 6000 rpm for 10 min. Finally the 

supernatant was collected and spectrophotometric (Nano Drop Spectrophotometer, 

Model-Nanoplus, Germany) absorbance was measured  against the phosphate buffer 

solution as blank at the wavelength of 562, 615, 652 and 720 nm where 720 nm 

measured the absorbance of the cellular debris. 
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The amount of phycocyanin (PC), and allophycocyanin (APC) in the sample was 

calculated from the absorbance according to Bennett and Bogorad (1973) and 

phycoerythrin (PE) was calculated according to Siegelman and Kycia (1978). 

Phycocyanin (PC) mg/mL= {A615 – A720) – 0.474 x (A652- A720)} /5.34 

Allophycocyanin (APC) mg/mL= {A652 – A720) – 0.208 x (A615– A720)} / 5.09 

Phycoerythrin (PE) mg/mL = {A562 – (2.41 x PC) – (0.849 x APC)} /9.62 

Total phycocyanin, phycoerythrin, and allophycocyanin (mg/g) were calculated 

according to Silveira et al. (2007) as follows: 

P = (Pigment concentration  V) / DB 

Where, V= solvent volume, DB= dried biomass 

Total phycobiliproteins (mg/g) were further calculated from the sum of the 

phycocyanin, phycoerythrin, and allophycocyanin contents in dried microalgae 

biomass. 

3.14 Determination of proximate compositions 

3.14.1 Protein determination 

Protein was determined according to Lowry et al. (1951). For that, 5 mg of each 

freeze dried biomass was taken and prepared 25 mL well mixed (tissue homogenizer) 

microalgae solution by using distilled water. From that 25 mL, 0.5 mL solution was 

taken from each type of samples, and 0.5 mL of 1N NaOH was added and kept in hot 

water bath (100°C) for 5 min. After that, the samples were put into cold water bath. 

10 mins after cooling, 2.5 mL of mixed reagent (50 mL of Reactive 2 (2g of Na2CO3 

in 100 mL of 0.1 NaOH) and 1 mL of Reactive 1 (1% NP tartrate), mixed) was added 

in each types of sample.  After proper mixing by using vortex mixture, 0.5 mL of 

folin reagent was added into every sample. Then, the samples were kept in dark place 

for 30 min and spectrophotometric absorptions were measured at 750 nm wavelength.  

2000 µg/L of standard (albumin) stock solution was prepared to produce a calibration 

graph, from which series of standards at various dilutions (20 µg/L, 40 µg/L, 80 µg/L, 

100 µg/L and 200 µg/L) were also prepared and protein analysis procedure was 

applied as described above. From the obtained absorbance a standard graph was 

plotted according to the standard results and protein content was determined for each 

type of samples accordingly. 
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3.14.2 Carbohydrate determination 

Carbohydrate was determined according to Dubois et al. (1956). 5mg of each freeze 

dried biomass was taken and prepared 25 mL well mixed (tissue homogenizer) 

microalgae solution by using distilled water. From that 25mL, 1mL solution was 

taken from each type of samples, and 1 mL 5% phenol and 5 mL of sulfuric acid were 

poured into it maintaining every 30 sec reaction period. After that, the samples were 

put in the cold water bath. After cooling, spectrophotometric absorptions were taken 

for each types of solution at 488 nm wavelength to estimate carbohydrate. 1000 µg/L 

of standard (glucose) stock solution was prepared to produce a calibration graph, from 

which, a series of standards at various dilutions (20 µg /L, 40 µg /L, 60 µg /L, 100 µg 

/L and 140 µg /L) were also prepared and carbohydrate analysis procedure was 

applied as described above. From the obtained absorbance a standard graph was 

plotted according to the standard results and carbohydrate content was determined for 

each type of samples accordingly. 

3.14.3 Lipid determination 

Lipid was determined according to Bligh and Dyer (1959), and Folch et al. (1957). 

Aluminum dishes were labeled and weighted as initial weight for each types of 

sample. In a centrifuge tube, 50 mg of each sample was taken and diluted into 5x 

volume using distilled water.  Then, 3 mL methanol: chloroform (2:1, v/v) was added 

and mixed (tissue homogenizer) properly. After that, all the tubes were centrifuged at 

1000 rpm for 4 min at 4°C. After centrifugation, the supernatants were transferred 

into clean tubes by Pasteur pipette, and placed them in ice. In the sample tubes, again 

3 mL of methanol: chloroform (2:1, v/v) was mixed (tissue homogenizer) properly 

and centrifuged again at the same conditions, and the supernatants were transferred to 

the previous supernatants tubes. In the combined supernatants, 1.5 mL of 0.9% NaCl 

was poured and mixed well by using vortex mixture and kept in the refrigerator for 1 

hr at 4°C temperature. Then the tubes were centrifuged at 1000 rpm for 10 min at 4°C 

temperature that results in two separate layer  from which the upper layer of methanol 

and chloroform was discarded, while, the lower layer was transferred in previously 

prepared aluminum dish. After that, the solvent was evaporated at 60°C using hot air 

oven. Afterwards, the aluminum dishes were weighed to get the final weight and lipid 

weight in the samples was determined by subtracting initial weight from the final 

weight.  
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3.15 Determination of fatty Acid 

Two steps transesterification also known as 2TE method with a little modification of 

Griffiths et al., 2010 was used to determine the fatty acid composition. In a lipid 

extraction beaker, 500mg microalgae powder dissolved in 70ml diethyl ether. Digital 

Soxhlet Apparatus (FOOD ALYTRD40) was used for lipid extraction. Diethyl ether 

was removed by placing the test tubes in the Hot Air Oven at 60°c. Then, 1.5 ml of 

methanolic NaOH was added into the lipid extract and mixed properly through 

Sonication at 80°C for 5 minutes. Upon cooling at room temperature (25°C), 2ml of 

BF3 methanol was poured into the mixture and again sonicated for 30 minutes at 

80°C.  After cooling at 25°C, 1ml of isooctane and 5ml of saturated NaCl was poured 

and well mixed through shaking. Then two layers were observed. Fatty acid methyl-

esters (FAMEs), an organic substance in the upper layer was transferred to a new test 

tube. 1ml sample from the test tube was taken into 1.5 ml Eppendorf vial for further 

fatty acid methyl-esters analysis through GCMS-Gas Chromatography Mass 

Spectrophotometry (GC-2020plus, SHIMADZU, Japan). Separation of FAMEs was 

done with a capillary column (30m length, 0.25mm internal diameter, 0.15 μm film 

thickness, and phase ratio is 250). Helium gas was used as a carrier gas with 1.42 

ml/min flow rate. The column temperature program was : 180° to 280°c at 5 °c /min 

and then at 280°c. Detection of FAMEs were done by comparing the retention time 

with standard (FAME mix C8-C24; Sigma- Aldrich; Germany). 

3.16 Determination of amino acid 

The Moore and Stein technique (1951) was slightly modified in order to identify 

amino acids. 1 g dried biomass of microalgae was first hydrolyzed for 24 hours at 110 

±2 °C in 25 mL of previously prepared acidic hydrolysis solution (6 M HCl + 0.1% 

phenol). The samples were stabilized using a little quantity of SDB/Na (Sample 

Dilution Buffer) after cooling. The samples' pH was then adjusted using a basic 

neutralizing agent to range between 2.1 and 2.3. The hydrolysates were then filtered 

and diluted with SDB/Na before being put into the injection vials. SYKAM S 433 

amino acid analyzer with UV detector was used for the analysis. With a constant flow 

rate of 0. 5 mL/min of nitrogen gas at a temperature of 60
0
C and a reproducibility of 

3%, nitrogen gas was employed as the carrier gas. Sigma-Aldrich, Germany's AA-S-

18 standard wease is used to measure the concentration of amino acids. The amount 
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of amino acids was measured in mg/g, which was then converted to % of all amino 

acids 

3.17 Statistical analysis 

Mean and standard error (SE) of mean were calculated using MS excel. When 

assumptions were met, all statistical analyses regarding the growth parameters, 

proximate composition, pigments content and fatty acid content was performed using 

the IBM SPSS (v. 26.0). Descriptive statistics were performed for different 

treatments; thereafter, a test for homogeneity of variance was done. The collected data 

were analyzed using a one-way analysis of variance (ANOVA). Significant 

differences amongst treatments were analyzed using Tukey HSD multiple comparison 

tests at 95% confidence interval level.  
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Chapter-4: Result 

4.1 Water quality parameters of the sampling sites: 

Table 4.1 shows the physicochemical parameters of water collected from different 

marine and freshwater sampling sites, where variations in the physical and chemical 

parameters were observed. 

Table 4.1: Water quality parameters of the sample water collected from different 

freshwater and marine water sampling sites 

Parameters Halda 

river 

Kaptai 

lake 

Naf 

Estuary 

Sonadia Maheshkhali 

Temperature (˚C) 30℃ 31℃ 33℃ 29.5℃ 31℃ 

DO (mg/L) 7.5 7.3  7.5 7.3 7.4 

Ph 8.1 8.3 8.5 8.1 7.5 

Salinity (ppt) 0 0 15 25 30 

Total Ammonia nitrogen 

(TAN) (mg/L) 

0.004 0.007 0.003 0.004 0.002 

Soluble reactive phosphate 

(mg/L) 

0.046 0.037 0.3365 0.005 0.022 

Nitrite-Nitrogen (mg/L) 0.023 0.052 0.085 0.037 0.086 

 

4.2 Chorophyll content of water collected from the sampling sites: 

Table 4.2 shows Chlorophyll content of water collected from different marine and 

freshwater sampling sites, where variations in the physical and chemical parameters 

were observed. 

Table 4.2: Chlorophyll content of different freshwater and marine water sampling 

sites: 

Sampling Station Chl-a (µg/ml) Chl-b (µg/ml) Chl-c (µg/ml) 

Halda 1.9805 1.2887 0.9886 

Kaptai 0.1605 0.3647 0.1218 

Teknaf 0.2552 0.1706 0.3248 
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Sonadia 0.9343 0.1864 0.1796 

Maheshkhali 1.2330 1.00662 1.4046 

 

4.3 Isolated Microalgae from different sampling sites 

Water sample collected from different marine and freshwater sampling sites contained 

a variety of species.Species listed in table 4.3 were isolated from water collected from 

different sampling locations. 

Table 4.3: Isolated microalgae from different freshwater and marine water sampling 

sites: 

Halda river Kaptai lake Teknaf Sonadia Maheshkhali 

Auxenochlorella sp. 

Chlorobotrys sp. 

Tetraspora sp. 

Choricystis sp. 

Scenedesmus sp. 

Coccomyxa sp. 

Carteria sp. 

Chlorella sp. 

Kirchneriella sp. 

Trachelomonas sp. 

Tetraedron sp. 

Eudorina sp. 

Chlamydomonas sp. 

Westella sp. 

Oscillatoria sp. 

Coenochloris sp. 

Desmodesmus 

sp. 

Coelestrella sp. 

Coccomyxa sp. 

Choricystis sp. 

Chromochloris 

sp. 

Klebsormidium 

sp. 

Scenedesmus sp. 

Chlorella sp. 

Kirchneriella sp. 

Oscillatoria sp. 

 

 

Gonyostomum 

sp. 

Pandorina sp. 

Euglena sp. 

Chlamydomonas 

sp. 

Chlorella sp. 

Nannochloropsis 

sp. 

Trachelomonas 

sp. 

Navicula sp. 

Chlorella sp. 

Aphanocece sp. 

Nannochloropsis 

sp. 

 

Nitzschia sp. 

Oscillatoria sp. 
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4.4 Characterization of isolated microalgae 

 Fourteen species of microalgae were isolated in this study (Table 4.3). According to 

John and Whitton (2002), isolated microalgae were Chlamydomonas sp., Navicula 

sp., Gonyostomum sp., Nannochloropsis sp., Choricystis sp., Chromochloris sp., 

Tetraedron sp., Chlorobotrys sp. Coelastrella sp., Kirchneriella sp. of which the 

largest one is Chlorobotrys sp. (12µm) and the smallest one is Gonyostomum sp. 

(2µm). Among the fourteen microalgae, Chromochloris sp., Coelastrella sp., 

Kirchneriella and Oscillatoria sp3 were isolated from the Kaptai lake, where 

Choricystis sp., Tetraedron sp., and Oscillatoria sp4 from Halda river. Marine 

microalgae Chlamydomonas sp., Gonyostomum sp., Nannochloropsis sp., and 

Oscillatoria sp1 were isolated from Naf estuary where Navicula sp. and Oscillatoria 

sp2 were isolated from Sonadia and Maheshkhali, respectively.  

Table 4.4: Characteristics of isolated microalgae 

Microalgae 

species 

Figure Characteristics 

Chlamydom

onas sp. 

 

 

 Generally oval and/or circular in 

shape 

 Cells are 10 µm in diameter  

 Chlamydomonas are unicellular and 

motile.  

 Species have two anterior flagella 

that are equal in length to one 

another 

Navicula sp. 

 

 

 Navicula sp. are single-celled 

 Cells are 8 to 10  µm in length 

 Boat-like shape and a yellowish 

brown tint was observed 
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Gonyostomu

m sp.  

 

 

 Cells of Gonyostomum sp. are drop-

shaped.  

 The cells are very small measuring 

2 µm. 

 Cell of Gonyostomum sp. possess 

two differently shaped flagella 

Nannochlor

opsis sp. 

 

 Nannochloropsis are small, round 

or ovoid and nonmotile  

 Have a diameter of about 2.5 to 3.3 

micrometers  

 

  

Choricystis 

sp. 

 

 Species are relatively small  

 Cells are found in pairs 

 The cell size is  about 3-6 μm 

Chromochlo

ris sp. 

 

 Chromochloris sp. is a simple 4-

µm, unicellular, haploid, coccoid 

alga 

 Neither flagella (cilia) nor 

pyrenoids were visually observed. 
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Tetraedron 

sp. 

 

 Tetraedron is unicellular algae with 

flattened, triangular, square or 

polygonal cells.  

 Cells are about 5 μm in length and 

10 μm in diameter 

 Spines are also observed in this 

species 

Chlorobotys 

sp. 

 

 Cells are oval, elliptical, or 

irregularly shaped coccoid unicells. 

 The coccoid cells are encountered 

singly, in pairs, or as colonies 

 The cells are essentially spherical 

with an diameter of 12 µm 

Coelastrella 

sp. 

 

 Coelastrella is a green unicellular 

coccoid microalga.  

 Cells 4.5 µm wide and 7 µm long 

 The cells are solitary or form 

groups 

 Solitary cells can be lemons shaped 

to broadly ovoid 

 

Kirchneriell

a sp. 

 

 Colonies of cells often make up 

Kirchneriella sp. are mostly found 

in colonies.  

 A colony contains 4-16 individuals. 

 Cell size is 4 µm. 

 Cells are cylindrical, lunate, sickle-

shaped, twisted fusiform or spirally 

twisted. 
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Oscillatoria 

sp1 

 

 

 Planktonic, cylindrical, thread like 

structures which appeared in blue-

green color.  

 Species consists of a series of cells 

forming unbranched filaments or 

trichomes. 

 Constricted at cross walls 

 Cells are 5-7 μm long and 52 μm 

wide 

Oscillatoria 

sp2 

 

 Filamentous, barrel-shaped straight 

structures with slight bent edges. 

 Thallus are long and comprises dark 

blue-green color to blackish blue-

green color. 

 Cells are solitary or in clusters and 

constricted at cross walls. 

 Cells are 6-8 μm long and 50 μm 

wide 

Oscillatoria 

sp3 

 

 It contains Clusters like filaments 

and cells are cylindrical with 

tapering at the outer edges. 

 Thallus are short and coiled and 

trichomes appeared as bright blue-

green color. 

 Cells are 3-4 μm in length and 47 

μm in width 
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4.5 Growth phases of isolated microalgae 

In the present study, different microalgae showed different cell concentration, amount 

of pigment and proximate composition as those can vary from species to species. 

Figure 4.3 illustrate the cell density and optical density versus the cultivation time of 

each of the ten species (Chlamydomonas sp., Navicula sp., Gonyostomum sp., 

Nannochloropsis sp., Choricystis sp., Chromochloris sp., Tetraedron sp., 

Chlorobotrys sp. Coelastrella sp., Kirchneriella sp. Oscillatoria sp1 and Oscillatoria 

sp4) during the cultivation in BBM and Conway media and figure 4.4 showed the 

growth curve of of Oscillatoria sp1 (K), Oscillatoria sp2 (L), Oscillatoria sp3 (M) 

and Oscillatoria sp4 (N) in terms of chlorophyll-a and optical density(Absorbance). 

Observation results of growth showed that onset of stationary phase (9-14 days) 

varied among the fourteen species. Based on the growth curve it is possible to 

determine the growth phases of those fourteen microalgae. Based on Figure 4.3 and 

4.4 the growth phases are almost same for Nannochloropsis sp. and Chromochloris 

sp. that showed the lag phase on days 1 to 2, the exponential phase on days 2 to 12, 

the stationary phase on days 11 to 12, and finally the phase of death from 12 days. 

Oscillatoria sp2 also showed the same growth phases except stationary phase on 10-

12 days. Similarly, Choricystis sp. and Kirchneriella sp. showed the lag phase on 1 to 

2 days, the exponential phase on 2 to 9 days, the stationary phase on 8 to 9 days and 

the death phase from 9 days. Gonyostomum sp. and Oscillatoria sp3 showed almost 

same lag phase and exponential phase on days 1-2 and 2 to 13, respectively. 

Gonyostomum sp. showed the stationary phase on days 12 to 13, and the death phase 

from 13 days, where Oscillatoria sp3 showed the stationary phase on days 11-13 and 

the death phase from 13 days. Though Coelastrella sp. and Oscillatoria sp4 showed 

same lag phase on 1-2 days, their other growth phases varies. Coelastrella sp showed 

Oscillatoria 

sp4 

 

 

 Filamentous, thallus are long and 

visible in dark blue-green color.  

 Trichomes are straight to slightly 

curved with bent outer edges 

 Trichromes are rarely solitary and 

motile in nature 

 Cells are 6-8 μm in length and 51 

μm width 
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exponential phase on days 2 to 10, the stationary phase on days 9 to 10, and the death 

phase from 10 days where Oscillatoria sp4 showed exponential phase on days 2 to 11, 

the stationary phase on days 10 to 11, and the death phase from 11 days. Furthermore, 

in Tetraedron sp. from days 1 to 4, days 4 to 20 and days 18 to 20 was recorded as lag 

phase, exponential phase and stationary phase, respectively. Moreover, Navicula 

sp.and Chlorobotrys sp. showed the same lag phase on days 1 to 3. Navicula sp. 

resulted exponential phase on days 3 to 8, stationary phase on days 7 to 8 and death 

phase from 8 days, where in Chlorobotrys sp.  from days 3 to 12 and days 11 to 12 

was recorded as exponential phase and stationary phase, respectively. Along with this, 

Chlamydomonas sp. and Oscillatoria sp1 resulted the lag phase, exponential phase, 

stationary phase and death phase on days 1 to 7, 7 to 15, 14 to 15 and from 15 days, 

respectively. In the stationary phase, cell density was significantly higher (p ˂ 0.05) in 

Gonyostomum sp. (23.173±0.41 cells/ml) and lower (p ˂ 0.05) in Navicula sp. 

(0.213±0.002 cells/ml) compared to the other microalgae. Moreover, in terms of cell 

density, no significant difference (p ˂ 0.05) was found between Navicula sp, 

Choricystis sp., Chromochloris sp. and Chlorobotrys sp.  Similarly, Chlamydomonas 

sp. and Coelastrella sp. showed almost similar cell density.  
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Figure 4.1: Growth curve in terms of cell density (cells/ml×10
7
) and optical density 

(Absorbance) of marine and freshwater microalgae Chlamydomonas sp. (A), Navicula 

sp. (B), Gonyostomum sp. (C),  Nannochloropsis sp. (D), Choricystis sp. (E), 

Chromochloris sp. (F), Tetraedron sp. (G), Chlorobotrys sp. (H), Coelastrella sp. (I), 

Kirchneriella sp. (J). Values are means ± standard error. CD and OD represent cell 

density, and optical density, respectively. 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

O
p

ti
ca

l 
D

en
si

ty
 (

A
b

s)
 

C
el

l 
D

en
si

ty
 (

ce
ll

/m
l 

×
1
0

7
) 

Culture Days 

Chla OD
K 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0

5

10

15

20

25

30

1 2 3 4 5 6 7 8 9 10 11 12 13 14

O
p

ti
ca

l 
D

en
si

ty
 (

A
b

s)
 

C
el

l 
D

en
si

ty
 (

ce
ll

/m
l 

×
1
0

7
) 

Culture Days 

Chla OD
L 



46 
 

 

 

Figure 4.2: Growth curve in terms of chlorophyll-a and optical density (Absorbance) 

of marine and freshwater microalgae Oscillatoria sp1 (K), Oscillatoria sp2 (L), 

Oscillatoria sp3 (M) and Oscillatoria sp4 (N). Values are means ± standard error. 

Chla and OD represent chlorophyll a, and optical density, respectively. 

4.6 Specific growth rate (SGR), cell duplication time, cell doublings per day and 

cell density on harvest of isolated freshwater and marine microalgae 

Cell duplication time, cell doublings per day (K) and cell density on harvest varied 

among those different microalgae (Table 4.4) where significantly highest (p ≤ 0.05) 

SGR was detected for Choricystis sp. and lowest for Tetraedron sp. Moreover, 

Tetraedron sp. and Choricystis sp. showed significantly (p ≤ 0.05) highest and lowest 

cell duplication time, respectively. Along with this, Navicula sp. and Oscillatoria sp2 
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showed almost similar SGR and cell duplication time. On the other hand, significantly 

highest (p ≤ 0.05) amount of cell doublings was detected for Navicula sp. while 

Choricystis sp. resulted the lowest. At the end of the exponential phase, significant 

highest and lowest (p ≤ 0.05) amount of cell density was detected from Gonyostomum 

sp. and Navicula sp. In terms of cell density, no significant difference was detected 

from Navicula sp., Choricystis sp, Chromochloris sp. and Chlorobotrys sp. Moreover, 

no significant difference was also found the cell density of Chlamydomonas sp. and 

Coelastrella sp.  

Table 4.5 Cell duplication time (Day), cell doublings per day (K) and cell density on 

harvest (cells/ml) (mean ± SE) of isolated freshwater and marine microalgae. Values 

with the different letters within each series indicate significant differences (p < 0.05) 

among the species. 

Microalgal 

Species 

Cell duplication 

time (Day) 

SGR(mg/day) Cell doublings 

per day (K) 

Cell Density 

(cells/ml×10^7) 

Chlamydomonas 

sp. 

1.4±0.0002
c 

0.49±0.00008
k 

0.5787±0.003
abc 

8.7933±0.12
c 

Navicula sp. 1.06±0.002
f 

0.65±0.001
h 

0.829±0.21
a 

0.2125±0.002
f 

Gonyostomum sp. 1.12±0.0001
e 

0.62±0.00008
i 

0.4806±0.004
bc 

23.1733±0.41
a 

Nannochloropsis 

sp. 

1.05±0.00003
g 

0.66±0.00002
g 

0.4263±0.01
bc 

5.601±0.12
e 

Choricystis sp. 0.78±0.0001
m 

0.89±0.0001
a 

0.2829±0.02
c 

1.0173±0.01
f 

Chromochloris 

sp. 

1±0.00008
i 

0.69±0.00005
e 

0.5269±0.06
abc 

0.6563±0.02
f 

Tetraedron sp. 1.86±0.0003
a 

0.37±0.00005
m 

0.5183±0.01
abc 

13.5333±0.52
b 

Chlorobotrys sp. 1.02±0.0001
h 

0.68±0.00007
f 

0.2921±0.02
c 

0.3252±0.004
f 

Coelastrella sp. 0.9±0.0001
k 

0.77±0.0001
c 

0.7399±0.008
ab 

9.0317±0.16
c 

Kirchneriella sp. 0.8±0.0001
l 

0.87±0.0001
b 

0.6865±0.01
ab 

7.1558±0.02
d 

Oscillatoria sp1 1.58±0.002
b 

0.44±0.0005
l 

- - 

Oscillatoria sp2 1.06±0.0004
f 

0.65±0.0003
h 

- - 
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Oscillatoria sp3 1.19±0.0005
d 

0.58±0.0003
j 

- - 

Oscillatoria sp4 0.98±0.0004
j 

0.71±0.0003
d 

- - 

4.7 Volumetric, areal and lipid productivity of isolated freshwater microalgae 

In this study, different freshwater and marine tropical microalgae species were 

cultured in BBM and Conway media respectively providing uniform parameters to 

determine the difference in their productivity. Figure 4.4A showed the variation in 

volumetric productivity for the fourteen  microalgae species where significantly 

highest and lowest (p ≤ 0.05) amount of volumetric productivity was detected for 

Chromochloris sp. (38.59±0.02 mg/L/Day) and Navicula sp. (2.97±0.02 mg/L/Day), 

respectively. The results also showed that areal productivity varied among those 

species (Figure 4.4B). The areal productivity varied as 1.54±0.001, 0.29±0.02, 

3.02±0.003, 2.76±0.006, 3.24±0.004, 3.86±0.004, 1.31±0.001, 3.46±0.003, 

2.41±0.002, 2.69±0.002, 0.71±0.005, 2.54±0.007, 1.92±0.006, and 2.59±0.007 

mg/cm
2
/day in Chlamydomonas sp., Navicula sp., Gonyostomum sp., 

Nannochloropsis sp., Choricystis sp., Chromochloris sp., Tetraedron sp., 

Chlorobotrys sp. Coelastrella sp., Kirchneriella sp. Oscillatoria sp1, Oscillatoria sp2, 

Oscillatoria sp3 and Oscillatoria sp4, respectively. Areal productivity was 

significantly (p < 0.05) highest in Chromochloris sp. and lowest in Navicula  sp. Lipid 

productivity in various microalgae also differs from species to species which is 

represented in Figure 4.4C. Chlamydomonas sp., Navicula sp., Gonyostomum sp., 

Nannochloropsis sp., Choricystis sp., Chromochloris sp., Tetraedron sp., 

Chlorobotrys sp. Coelastrella sp., Kirchneriella sp. Oscillatoria sp1, Oscillatoria sp2, 

Oscillatoria sp3 and Oscillatoria sp4 resulted in about3.25±0.11, 0.42±0.002, 

8.29±0.22, 5.62±0.23, 4.48±0.28, 8.57±0.19, 3.34±0.12, 7.57±0.18, 5.35±0.11, 

6.23±0.01, 1.15±0.004, 3.3±0.03, 1.74±0.01and 4.43±0.03 mg/L/Day of lipid 

productivity, respectively. Significantly (p < 0.05) maximum and minimum amount of 

lipid productivity were detected from Chromochloris sp. and Navicula  sp. Together 

with this, similar kind of lipid productivity was detected from Chlamydomonas sp., 

Tetraedron sp. and Oscillatoria sp2. Moreover, lipid productivity of Choricystis sp. 

and Oscillatoria sp4 showed no significant differences.  
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Figure 4.3: Volumetric productivity (A), areal productivity (B) and lipid productivity 

(C) (mean ± SE) of isolated microalgae. Values with the different letters within each 

series indicate significant differences (p < 0.05) among the species. 

4.8 Pigment content of isolated microalgae: 

4.8.1 Chlorophyll 

Chlorophyll, carotenoid and different phycoboliproteins content were determined 

under this study where chlorophyll-a, chlorophyll-b chlorophyll-c and carotenoid 

were recorded as µg/mL and phycobiliprotein content in mg/g.  

Different microalgae showed a considerable variation in chlorophyll (Table 4.5), 

carotenoid (Figure 4.6) and phycobiliproteins (Table 4.5) content. Under this study, 

chlorophyll-a content of fourteen microalgae species were determined where nine 

species were green microalgae, one was brown microalgae (Diatom) and four species 

were cyanobacteria. Significantly highest (p < 0.05) amount of chlorophyll-a 

(22.72±0.04 µg/mL) was recorded in Oscillatoria sp2 on day-10. On the other hand, 

Navicula sp. showed significantly minimum (p < 0.05) amount of chlorophyll-a 

(1.048±0.02 µg/mL) on day-6. There was no significant difference was found 

between chlorophyll-a content of Gonyostomum sp. and Kirchneriella sp. 

Chlorophyll-b content of nine green microalgae were recorded where Significantly 

highest (p < 0.05) amount of chlorophyll-b (2.75±0.07 µg/mL) was recorded in 

Chlamydomonas sp.  On the other hand, Choricystis sp. showed significantly 
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minimum (p < 0.05) amount of chlorophyll-b (0.58±0.04 µg/mL). Chlorophyll-c 

content of brown microalgae Navicula sp. was determined and the value was 

0.85±0.005 µg/mL. 

Table 4.6: Chlorophyll-a, b and c (means ± SE) of isolated freshwater and marine 

microalgae, cultured in BBM and Conway media, respectively. Values with the 

different letters within each series indicate significant differences (p < 0.05) among 

the species. 

Microalgal Species Chlorophyll-a Chlorophyll-b Chlorophyll-c 

Chlamydomonas sp. 10.27±0.06
f 

2.75±0.07
a - 

Gonyostomum sp. 3.19±0.04
k 

0.88±0.02
e - 

Nannochloropsis sp. 11.47±0.13
e 

2.007±0.02
bc - 

Choricystis sp. 2.54±0.04
l 

0.58±0.04
f - 

Chromochloris sp. 7.8±0.09
g 

1.86±0.09
c - 

Tetraedron sp. 5.51±0.001
i 

2.27±0.04
b - 

Chlorobotrys sp. 6.65±0.04
h 

1.81±0.1
c - 

Coelastrella sp. 4.42±0.1
j 

1.19±0.03
d - 

Kirchneriella sp. 3.15±0.04
k 

1.17±0.02
d - 

Navicula sp. 1.048±0.02
m 

- 0.85±0.005
 

Oscillatoria sp1 12.67±0.04
d 

- - 

Oscillatoria sp2 22.72±0.04
a 

- - 

Oscillatoria sp3 16.76±0.04
c 

- - 

Oscillatoria sp4 21.06±0.07
b 

- - 

 

4.8.2 Carotenoid 

Total carotenoid content varied among those different microalgae (Figure 4.6). 

Significantly (p < 0.05) highest and lowest quantity of carotenoid accumulations was 

detected at day 13 from Chlamydomonas sp. (6.888±0.08 µg/mL) and Oscillatoria 
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sp1 (0.99±0.008 µg/mL), respectively. Moreover, identical amount of total carotenoid 

was detected from four strains of Oscillatoria. 

 

Figure 4.4: Carotenoid content (µg/ml) (mean ± SE) of isolated freshwater and marine 

microalgae, cultured in BBM and Conway Medium. Values with the different letters 

within each series indicate significant differences (p < 0.05) among the species. 

4.8.3 Phycobiliproteins 

Phycobiliproteins analysis found that, phycocyanine, allophycocyanin and 

phycoerythrin content were significantly (p < 0.05) highest in Oscillatoria sp4. at day 

9 of about 69.3±0.012 mg/g, 18.3±0.099
 
mg/g and 2.2±0.033

 
mg/g respectively (Table 

4.5). Significantly (p < 0.05) minimum and maximum (p < 0.05) quantity of total 

phycobiliprotein content was achieved in Nannochloropsis sp. (0.89±0.04 mg/g) and 

Oscillatoria sp4. (89.80±0.12 mg/g) at day 10 and day 9, respectively (Table 4.5). 

Table 4.7 Different phycobiliproteins (Phycocyanine, Allophycocyanin and 

Phycoerythrin) along with total phycobiliproteins of isolated marine and freshwater 

microalgae. Values are means ± SE. Values with the different letters within each 

series indicate significant differences (p < 0.05) among the species. 
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4.9 Proximate composition of microalgal species: 

In order to compare the differences in the biochemical composition, various marine 

and freshwater tropical microalgae species were cultivated in respectively Conway 

medium and BBM under uniform conditions. Figure 4.8 demonstrates how the 

fourteen different microalgae species varied in their protein composition, which 

ranged from 17.276±0.76 to 59.5123±0.78 % dry weight. The percentage of protein 

was significantly (p < 0.05) higher in Navicula sp. and lower in Krichneriella sp. 

Among Nannochloropsis sp., Choricystis sp., Chromochloris sp. and Chlorobotrys sp. 

there was no significant (p < 0.05) difference in protein content. Moreover, 

Chlmydomonas sp., Navicula sp. and Oscillatoria sp4 showed nearly similar 

percentage of protein content. The result showed that lipid content varied among 

those species (Figure 4.9). The total lipid content varied as 21.07±0.71, 14.13±0.18, 

27.4±0.69, 20.33±0.81, 13.8±0.87, 22.2±0.50, 25.53±0.87, 21.86±0.53, 22.13±0.47, 

23.13±0.07, 13±0.12, 9.07±0.07, 17.13±0.13% dry weight among Chlamydomonas 

sp., Navicula sp., Gonyostomum sp., Nannochloropsis sp., Choricystis sp., 

Chromochloris sp., Tetraedron sp., Chlorobotrys sp. Coelastrella sp., Kirchneriella 

Algal Species Phycocyanine 

Content (mg/g) 

Allophycocyanin 

Content (mg/g) 

Phycoerythrin 

content (mg/g) 

Total 

phycobiliproteins 

content (mg/g) 

Chlamydomonas 

sp. 

1.96±0.11
e 

0.99±0.01
g 

0.56±0.009
fg 

3.50±0.1
e 

Navicula sp. 1.12±0.07
f 

1.41±0.03
f 

0.99±0.03
d 

3.52±0.11
e 

Gonyostomum 

sp. 

0.33±0.04
gh 

1.05±0.05
g 

0.41±0.03
fgh 

1.79±0.04
fg 

Nannochloropsis 

sp. 

0.22±0.008
gh 

0.51±0.01
h 

0.16±0.02
i 

0.89±0.04
h 

Choricystis sp. 0.52±0.008
fg 

1.3±0.03
fg 

0.48±0.02
fg 

2.301±0.009
f 

Chromochloris 

sp. 

1.07±0.02
f 

1.92±0.01
e 

1.04±0.03
d 

4.04±0.04
e 

Tetraedron sp. 0.67±0.008
fg 

1.03±0.04
g 

0.62±0.005
ef 

2.32±0.05
f 

Chlorobotrys sp. 0.26±0.05
gh 

0.58±0.04
h 

0.23±0.02
hi 

1.07±0.07
h 

Coelastrella sp. 0.3±0.02
h 

1.93±0.02
e 

0.31±0.004
ghi 

1.98±0.009
fg 

Kirchneriella sp. 0.1±0.04
gh 

1±0.03
g 

0.41±0.05
fghi 

1.50±0.04
gh 

Oscillatoria sp1 61.7±0.03
b 

21.7±0.14
a 

2.6±0.14
b 

85.93±0.3
b 

Oscillatoria sp2 42.6±0.47
c 

6.01±0.16
d 

4.67±0.08
a 

53.28±0.26
c 

Oscillatoria sp3 35.6±0.09
d 

7.14±0.06
c 

0.85±0.02
de 

43.64±0.06
d 

Oscillatoria sp4 69.3±0.01
a 

18.3±0.1
b 

2.2±0.03
c 

89.80±0.12
a 
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sp. and four strains of Oscillatoria sp. respectively. Lipid content was significantly (p 

< 0.05) higher in Gonyoatomum sp. and lower in Oscillatoria sp3. Total lipid content 

of Chlamydomonas sp., Nannochloropsis sp., Chromochloris sp., Chlorobotrys sp., 

Coelastrella sp., and Kirchneriella sp. showed no significance difference. 

Carbohydrate production in various microalgae also differ from species to species 

which is represented in Figure 4.10. Chlamydomonas sp., Navicula sp., Gonyostomum 

sp., Nannochloropsis sp., Choricystis sp., Chromochloris sp., Tetraedron sp., 

Chlorobotrys sp. Coelastrella sp., Kirchneriella sp. and four strains of Oscillatoria 

resulted in 7.49±0.46, 6.15±0.41, 13.56±0.48, 11.91.78±0.72, 14.41±0.52, 

10.37±0.09, 9.69±0.82, 7.27±0.37, 18±0.06, 11.09±0.06, 17.04±0.08, 14.89±0.32 and 

7.49±0.14 % dry weight of carbohydrate, respectively. Significantly (p < 0.05) 

maximum and minimum amount of carbohydrate were detected in Kirchneriella sp. 

and Navicula sp. respectively. Together with this, similar kind of carbohydrate 

content was detected in Chlamydomonas sp., Navicula sp., Coelastrella sp and 

Oscillatoria sp4. 

 

Figure 4.5: Protein content (% dry weight) (mean ± SE) of isolated freshwater and 

marine microalgae cultured in respectively BBM and Conway Medium. Values with 

the different letters within each series indicate significant differences (p < 0.05) 

among the species. 
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Figure 4.6: Lipid content (% dry weight) (mean ± SE) of isolated freshwater and 

marine  microalgae cultured in respectively BBM and Conway Medium. Values with 

the different letters within each series indicate significant differences (p < 0.05) 

among the species. 

 

 

 

 

 

 

 

 

 

Figure 4.7: Carbohydrate content (% dry weight) (mean ± SE) of freshwater and 

marine microalgae cultured in respectively BBM and Conway Medium. Values with 

the different letters within each series indicate significant differences (p < 0.05) 

among the species. 
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4.8 Fatty Acid Profile 

In this study, table 4.6 and 4.7 showed fatty acid content of marine and freshwater 

microalgae, respectively. Highest amount of SAFA was found in Oscillatoria sp1 and 

lowest was Nannochloropsis sp. On the other hand, lowest amount of PUFA was 

found in Oscillatoria sp1(6.20±1.30 ppm)and highest was recorded in Navicula sp. 

(673.2±16.32). In addition, Navicula sp. showed highest amount of n-6 PUFA, where 

lowest was found in Choricystis sp. Along with this, Gonyostomum sp. and 

Chromochloris sp. showed lowest and highest amont of n-3 PUFA in this study, 

respectively. But, no significant differencence was found in Methyl icosa-

5,8,11,14,17-pentaenoateand Methyl Docosahexanoate content of microalgal species 

under this experiment 
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Table 4.8: Fatty acid content of selected isolated marine microalgae 

Carbon Fatty Acid Methyl Esters Chlamydomonas 

sp. 

Navicula sp. Gonyostomum sp.  Nannochloropsis 

sp. 

 

Oscillatoria 

sp1 

Oscillatoria 

sp2 

  Conc (ppm) 

C8:0 Methyl Octanoate 2.04±2.01 1.52±0.04 1.63±0.02 1.11±0.03 0.27±0.26 0.02±0.00 

C10:0 Methyl Decanoate 1.39±1.37 1.16±0.04 1.47±0.02 0.87±0.02 0.46±0.01 3.57±0.02 

C12:0 Methyl Laurate 5.86±5.85 4.27±0.06 5.05±0.02 3.85±0.06 3.30±0.06 0.23±0.00 

C13:0 Methyl Tridecanoate 1.11±0.01 0.01±0.00 0.40±0.00 0.48±0.00 0.27±0.01 5.31±0.00 

C14:0 Methyl Myristate 1.07±0.06 0.05±0.00 0.17±0.02 0.11±0.00 0.06±0.00 4.18±1.49 

C16:0 Methyl Palmitate 4.30±0.06 2.51±2.13 2.22±0.03 3.08±2.71 14.32±0.68 9.37±0.14 

C18:0 Methyl Stearate 4.71±0.04 6.95±0.15 0.57±0.26 1.76±0.14 13.85±0.70 7.59±6.04 

C20:0 Methyl Arachidate 2.62±0.92 4.31±0.08 9.73±1.96 4.31±0.99 1.36±0.09 0.59±0.00 

C17:0 Methyl Heptadecanoate 3.99±0.02 3.53±0.00 4.24±0.02 1.29±1.28 0.97±0.00 1.55±0.04 

C21:0 Methyl Heneicosanoate 0.34±0.08 0.05±0.02 0.02±0.01 0.11±0.11 0.22±0.02 0.27±0.02 

C22:0 Methyl Behenate 2.68±0.17 0.02±0.00 0.003±0.01 0.003±0.00 3.91±0.05 0.89±0.01 

C23:0 Methyl Tricosanoate ND ND 0.18±0.1 0.05±0.05 ND ND 

C24:0 Methyl Lignocerate ND ND ND ND ND ND 

 ƩSAFA 30.11±10.2
abc 

24.38±2.47
abc 

25.67±2.22
abc 

17.01±2.44
bc 

39.00±1.18
a 

33.55±4.48
ab 

C16:1 Methyl Palmitoleate 6.05±0.34 1.02±0.08 8.19±0.04 6.60±0.51 6.43±0.03 1.97±0.05 

C18:1 Methyl Oleate 0.26±0.00 2.64±0.05 0.31±0.00 0.47±0.00 0.15±0.01 0.78±0.01 

C20:1 Methyl cis-11-eicosenoate 0.004±0.00 0.004±0.00 0.01±0.00 0.09±0.00 0.01±0.01 0.03±0.01 

C22:1 Methyl Erucate 0.51±0.00 0.09±0.09 0.19±0.12 1.00±0.01 0.13±0,02 0.35±0.02 

C24:1 Methyl Nervonate 0.07±0.00 0.09±0.04 0 0.01±0.01 0.004±0.00 0.05±0.01 

 ƩMUFA 6.89±0.34
c 

3.84±0.18
c 

8.70±0.07
c 

8.18±0.5
c 

6.73±0.01
c 

3.18±0.08
c 

C18:2n-6 Methyl Linoleate 213.99±10.12 667.59±16.48 321.63±9.51 2.11±0.16 0.77±0.05 233.01±1.13 

C20:3n-6 Methyl 11-14-17- Eicosatrienoate 2.04±0.07 1.98±0.09 0.24±0.03 1.91±0.03 0.44±0.03 0.22±0.09 
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Carbon Fatty Acid Methyl Esters Chlamydomonas 

sp. 

Navicula sp. Gonyostomum sp. Nannochloropsis 

sp. 

 

Oscillatoria 

sp1 

Oscillatoria 

sp2 

Conc (ppm) 

C20:4n-6 Methyl Arachidonate 5.73±0.20 0.21±0.07 2.28±0.09 0.77±0.63 0.04±0.01 0.10±0.03 

 Ʃn6-PUFA 221.76±0.39
cd 

669.78±16.3
a 

323.15±9.57
b 

4.79±0.81
f 

1.25±0.07
f 

233.33±1.07
d 

C18:3n-3 Methyl Linolenate 0.49±0.02 3.20±0.00 1.26±0.10 2.47±0.40 0.89±0.03 1.23±0.00 

C20:5n-3 Methyl icosa-5,8,11,14,17-pentaenoate 0.72±0.09
 

0.003±0.00 0.60±0.02 2.55±2.14 2.58±0.05 2.60±0.05 

C22:5n-3 Methyl Docosapentaenoate 0.90±0.02 0.01±0.00 0.12±0.12 1.41±0.05 1.32±1.32 0.00±0.00 

C22:6n-3 Methyl Docosahexanoate 0.37±0.02
 

0.25±0.01 0.10±0.00 0.19±0.01 0.17±0.13 0.15±0.03 

 Ʃn3-PUFA 2.49±0.08
c 

3.46±0.01
c 

2.08±0.24
c 

6.62±2.49
abc

 4.96±1.37
bc 

3.98±0.02
c 

 ƩPUFA 224.24±10.39
cd 

673.2±16.32
a 

326.23±9.33
b 

11.41±1.67
f 

6.20±1.30
f 

237.31±1.05
de 

 Ʃn3/ Ʃn6 0.01±0.00
c 

0.01±0.00
c 

0.01±0.00
c 

1.38±0.78
bc 

3.97±1.32
b 

0.02±0.00
c 

 DHA/EPA 0.51±0.04
b 

98.4±16.75
a 

0.16±0.00
b 

0.07±0.21
b 

0.06±0.05
b 

0.06±0.01
b 

 SAFA/TUFA 0.13±0.05
c 

0.04±0.00
c 

0.07±0.01
c 

0.87±0.22
b 

3.02±0.40
a 

0.14±0.02
c 

 SAFA/TFA 0.12±0.04
d 

0.03±0.00
d 

0.07±0.01
d 

0.46±0.06
bc 

0.75±0.02
a 

0.12±0.01
d 

 TUFA/TFA 0.88±0.04
a 

0.97±0.00
a 

0.93±0.01
a 

0.54±0.06
bc 

0.25±0.02
d 

0.88±0.01
a 

Fatty acid values are expressed as mean of the duplicates. Here, SAFA means Saturated Fatty Acids, MUFA= Monounsaturated fatty acids, n6-

PUFA= ω-6 polyunsaturated fatty acids, n3-PUFA= ω-3 polyunsaturated fatty acids, DHA= Docosahexaenoic acid, EPA= Eicosapentaenoic 

acid, TUFA= Total unsaturated fatty acids, TFA= Total fatty acids. 
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Table 4.9: Fatty acid content of selected isolated freshwater microalgae 

Carbon Fatty Acid  Choricystis sp. Chromochloris 

sp. 

Tetraedron 

sp. 

Chlorobotrys 

sp. 

Coelestrella 

sp. 

Kirchneriella 

sp. 

Oscillatoria 

sp3 

Oscillatoria 

Sp4 

 Methyl Esters   Conc (ppm)      

C8:0 Methyl Octanoate 1.59±0.06 0.06±0.00 1.17±0.00 0.73±0.01 1.47±0.01 1.26±0.02 0.03±0.00 0.02±0.00 

C10:0 Methyl Decanoate 0.01±0.00 1.18±0.05 0.44±0.43 0.48±0.00 0.50±0.49 1.02±0.01 1.16±1.15 3.57±0.02 

C12:0 Methyl Laurate 2.60±0.03 5.89±0.08 3.64±0.00 1.99±0.03 6.37±0.11 4.88±0.05 0.02±0.00 0.23±0.00 

C13:0 Methyl Tridecanoate 0.15±0.14 0.53±0.01 0.54±0.00 0.28±0.00 0.42±0.01 0.49±0.00 1.89±0.03 5.31±0.00 

C14:0 Methyl Myristate 0.02±0.00 0.17±0.00 0.06±0.00 0.08±0.01 1.31±0.04 0.14±0.00 0.74±0.22 4.18±1.49 

C16:0 Methyl Palmitate 2.97±0.01 5.28±0.09 3.47±1.32 6.56±0.10 5.76±1.01 6.66±0.09 1.33±0.04 9.37±0.14 

C18:0 Methyl Stearate 10.50±0.38 3.13±0.15 0.45±0.38 2.67±0.03 0.23±0.01 0.09±0.01 2.53±0.10 7.59±6.04 

C20:0 Methyl Arachidate 2.07±0.07 1.87±1.17 7.97±0.08 9.98±0.76 4.17±0.31 5.20±1.13 3.49±0.36 0.59±0.00 

C17:0 Methyl Heptadecanoate 0.79±0.00 0.08±0.07 1.74±0.00 2.79±0.02 0.08±0.01 0.02±0.01 1.93±1.92 1.55±0.04 

C21:0 Methyl Heneicosanoate 0.02±0.00 4.43±0.18 0.02±0.01 0.04±0.00 1.51±1.5 2.16±0.91 2.32±2.08 0.27±0.02 

C22:0 Methyl Behenate 3.57±0.05 1.13±0.03 0.003±0.00 2.75±0.05 1.66±0.06 ND 1.76±0.06 0.89±0.01 

C23:0 Methyl Tricosanoate ND ND ND 0.06±0.01 ND ND ND ND 

C24:0 Methyl Lignocerate ND ND ND ND ND ND ND ND 

 ƩSAFA 24.29±0.33
abc 

23.73±1.4
abc 

19.50±0.58
bc 

28.41±0.76
abc 

23.48±0.36
abc 

21.92±1.86
abc 17.20±1.07

c 
33.55±4.48

ab 

C16:1 Methyl Palmitoleate 6.26±2.77 20.48±5.97 7.71±3.73 35.72±0.50 10.79±2.2 6.02±0.22 12.24±0.51 1.97±0.05 

C18:1 Methyl Oleate 0.08±0.07 0.83±0.01 0.16±0.15 0.47±0.02 0.5±0.00 0.38±0.00 0.53±0.00 0.78±0.01 

C20:1 Methyl cis-11-

eicosenoate 

0.01±0.00 0.08±0.01 0.004±0.00 0.15±0.15 0.01±0.00 0.01±0.01 0.17±0.00 0.03±0.01 

C22:1 Methyl Erucate 0.06±0.01 1.12±0.2 0.07±0.01 0.26±0.00 0.29±0.01 0.10±0.03 0.00±0.00 0.35±0.02 

C24:1 Methyl Nervonate 0.02±0.02 0.05±0.03 0.01±0.01 0.01±0.00 0.02±0.01 0.02±0.01 0.09±0.04 0.05±0.01 

 ƩMUFA 6.42±2.68
c 

22.57±5.9
b 

7.95±3.89
c 

36.61±0.37
a 

11.6±2.18 6.53±0.24
bc 13.04±0.47

bc 
3.18±0.08

c 
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Fatty acid values are expressed as mean of the duplicates. Here, SAFA means Saturated Fatty Acids, MUFA= Monounsaturated fatty acids, n6-

PUFA= ω-6 polyunsaturated fatty acids, n3-PUFA= ω-3 polyunsaturated fatty acids, DHA= Docosahexaenoic acid, EPA= Eicosapentaenoic 

acid, TUFA= Total unsaturated fatty acids, TFA= Total fatty acids. 

 

 

 

Carbon Fatty Acid  Choricystis sp. Chromochloris 

sp. 

Tetraedron 

sp. 

Chlorobotrys 

sp. 

Coelestrella 

sp. 

Kirchneriella 

sp. 

Oscillatoria 

sp3 

Oscillatoria 

Sp4 

Conc (ppm) 

C18:2n-6 Methyl Linoleate 0.71±0.09 159.87±0.33 0.74±0.05 238.3.30±7.8 337.22±0.38 236.08±0.99 0.66±0.44 233.01±1.13 

C20:3n-6 Methyl 11-14-17- 

Eicosatrienoate 

0.17±0.05 0.89±0.02 0.55±0.01 0.89±0.02 1.4485±0.12 0.84±0.11 3.22±0.05 0.22±0.09 

C20:4n-6 Methyl Arachidonate 0.32±0.01 0.13±0.01 0.87±0.02 2.27±0.00 3.313±0.04 1.99±0.07 0.47±0.00 0.10±0.03 

 Ʃn6-PUFA 1.20±0.02
f 

160.89±0.7
e 

2.16±0.04
f 

241.45±7.7
c 

341.98±0.30
b 

238.92±1.17
c 4.35±0.48

f 
233.33±1.07

cd 

C18:3n-3 Methyl Linolenate 10.71±0.05 14.29±0.33 2.17±0.25 1.99±0.03 4.67±0.02 4.47±1.77 7.22±0.41 1.23±0.00 

C20:5n-3 Methyl icosa-

5,8,11,14,17-

pentaenoate 

2.87±0.02
 

1.03±0.7 2.13±1.96
 

0.46±0.03 1.86±0.6 1.07±0.13 0.02±0.01 2.60±0.05 

C22:5n-3 Methyl 

Docosapentaenoate 

0.64±0.02 0.01±0.12 1.09±1.09 1.04±0.01 0.01±0.01 3.66±3.65 0.01±0.00 0.00±0.00 

C22:6n-3 Methyl 

Docosahexanoate 

0.12±0.00
 

0.16±0.00 0.11±0.00
 

0.12±0.03 0.11±0.01 0.25±0.25 0.16±0.01 0.15±0.03 

 Ʃn3-PUFA 14.33±0.08
ab 

15.48±0.82
a 

5.51±3.29
abc 

3.60±7.75
abc 

6.64±0.65
c 

9.45±5.31
abc 7.41±0.41

abc 
3.98±0.02

bc 

 ƩPUFA 15.53±0.11
f 

176.37±1.16
e 

7.67±3.25
f 

245.06±7.75
c 

348.63±0.94
b 

155.87±4.14
c 11.76±0.08

f 
237.31±1.05

cd 

 Ʃn3/ Ʃn6 11.98±0.16
a 

0.10±0.00
c 

2.56±1.58
bc 

0.02±0.00
c 

0.02±0.00
c 

0.06±0.02
c 1.70±0.29

bc 
0.02±0.00

c 

 DHA/EPA 0.04±0.00
b 

0.15±0.01
b 

0.05±0.32
b 

0.27±0.00
b 

0.06±0.01
b 

0.24±0.27
b 7.69±3.96

b 
0.06±0.01

b 

 SAFA/TUFA 1.11±0.12
b 

0.12±0.01
c 

1.25±0.01
b 

0.14±0.00
c 

0.07±0.00
c 

0.13±0.01
c 0.69±0.05

bc 
0.14±0.02

c 

 SAFA/TFA 0.52±0.03
b 

0.11±0.01
d 

0.56±0.00
b 

0.12±0.05
d 

0.06±0.00
d 

0.12±0.01
d 0.41±0.02

c 
0.12±0.01

d 

 TUFA/TFA 0.47±0.03
c 

0.89±0.01
a 

0.44±0.00
c 

0.88±0.05
a 

0.94±0.00
a 

0.88±0.01
a 0.59±0.02

b 
0.88±0.01

a 
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4.11 Amino Acid Profile 
 

Quantitative and qualitative determination of amino acid were shown in 

Table 4.6. In this study, non-essential amino acids were found than the 

essential amino acids. Highest amount of total essential amino acid 

content was found in Teraedron sp. (41.23%) and Nannochloropsis sp. 

(33.04 %) showed lowest total essential amino acid content under this 

study. 

Table 4.10 Amino acid content (%) of isolated marine microalgae. 

 
Compound 

Name (570 nm) 

Types Chlamydomonas 

Sp. 

Navicula 

sp. 

Gonyostomum 

sp. 

Nannochloropsis 

Sp. 

Amount (%) 

Histidine EAA 4.70 5.39 4.08 4.32 

Isoleucine EAA 1.97 2.96 2.21 2.73 

Leucine EAA 7.34 7.15 8.36 0 

Lysine EAA 6.84 3.69 5.71 5.17 

Methionine EAA 2.06 3.21 1.66 2.55 

Phenylalanine EAA 3.84 3.75 4.15 3.73 

Threonine EAA 4.72 5.47 5.91 6.37 

Tyrosine EAA 3.73 3.26 3.52 3.81 

Valine EAA 3.04 3.85 4.05 4.36 

 ΣEAA 38.24 38.73 39.65 33.04 

Alanine NEAA 11.30 10.51 10.25 12.69 

Arginine NEAA 5.67 5.97 6.34 6.98 

Aspartic acid NEAA 12.33 13.44 12.28 12.26 

Glutamic acid NEAA 13.51 15.66 13.48 14.07 

Glycine NEAA 6.70 6.21 7.49 7.02 

Cysteine NEAA 0.15 0.28 0.03 0.44 

Serine NEAA 5.47 5.61 5.48 5.94 

Proline NEAA 6.62 3.59 4.98 7.57 

 ΣNEAA 61.75 61.27 60.33 66.97 

EAA: Essential Amino Acid, NEAA: Non-Essential Amino Acid 
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Table 4.11 Amino acid content (% amino acid) of isolated freshwater microalgae. 
 

 

 

Compound 

Name (570 

nm) 

Types Choricystis 

sp. 

Chromo 

chloris 

sp. 

Tetraedron 

sp 

Chlorobotrys 

Sp 

Coelastrella 

sp. 

Chlorobotrys 

sp 

Amount(%) 

Histidine EAA 5.27 3.57 4.45 5.44 3.83 5.44 

Isoleucine EAA 2.07 2.10 2.21 1.74 2.04 1.74 

Leucine EAA 7.41 7.54 8.35 7.57 8.12 7.57 

Lysine EAA 6.25 4.70 6.19 6.89 5.83 6.89 

Methionine EAA 1.49 1.57 1.54 1.30 1.82 1.30 

Phenylalani 

ne 

EAA 3.80 4.15 4.11 4.03 3.86 4.03 

Threonine EAA 5.55 5.34 5.63 5.82 6.36 5.82 

Tyrosine EAA 3.83 3.62 3.88 3.67 4.13 3.67 

Valine EAA 3.90 3.73 4.87 3.88 3.77 3.88 

 ΣEA 

A 

39.57 36.32 41.23 40.34 39.76 36.76 

Alanine NEA 
A 

10.35 15.12 9.14 8.76 9.20 8.76 

Arginine NEA 
A 

5.26 5.48 5.34 6.00 4.86 6.00 

Aspartic 

acid 

NEA 
A 

12.34 11.48 12.05 12.41 12.88 12.41 

Glutamic 

acid 

NEA 

A 

13.41 12.78 13.58 13.89 14.11 13.89 

Glycine NEA 
A 

8.40 7.77 7.59 7.25 7.41 7.25 

Cysteine NEA 
A 

0.09 0.08 0.48 0.05 0.15 0.05 

Serine NEA 
A 

5.66 5.59 5.59 5.79 6.13 5.79 

Proline NEA 
A 

4.93 5.39 4.99 5.48 5.49 5.48 

 ΣNE 

AA 

60.44 63.69 58.76 59.63 60.23 63.24 

 

EAA: Essential Amino Acid, NEAA: Non-Essential Amino Acid 
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Table 4.6. Amino acid content (% amino acid) of isolated marine and freshwater 

cyanobacteria. 

 

Compound 

Name (570 

nm) 

Types Oscillatoria 

sp1 

Oscillatoria 

sp2 

Oscllatoria 

sp3 

Oscillatoria 

sp4 

Amount(%) 

Histidine EAA 4.19 0 4.72 3.26 

Isoleucine EAA 2.83 3.02 2.05 2.80 

Leucine EAA 7.98 7.73 7.52 7.58 

Lysine EAA 4.54 4.23 6.05 3.64 

Methionine EAA 1.85 2.25 2.17 1.95 

Phenylalanine EAA 3.37 4.01 3.88 3.60 

Threonine EAA 5.40 5.80 5.23 5.95 

Tyrosine EAA 3.76 4.10 3.64 4.05 

Valine EAA 3.68 4.22 3.65 3.84 

 ΣEAA 37.6 35.36 38.91 36.67 

Alanine NEAA 12.65 9.91 12.50 12.99 

Arinine NEAA 7.07 6.01 6.22 7.09 

Aspartic acid NEAA 12.12 13.36 11.64 13.23 

Glutamic acid NEAA 15.06 17.98 13.91 13.75 

Glycine NEAA 5.71 6.99 6.44 6.28 

Cysteine NEAA 0.07 1.72 0.21 0.12 

Serine NEAA 5.99 5.93 5.82 6.31 

Proline NEAA 3.74 2.75 4.35 3.58 

 ΣNEAA 62.41 64.65 61.09 63.35 

EAA: Essential Amino Acid, NEAA: Non-Essential Amino Acid 
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Chapter 5: Discussion 
 

5.1 Water quality parameters of the sampling sites 

Macro and micro nutrients availability plays a significant role on the growth and 

biochemical composition where sufficient amount of nutrients mainly nitrogen, 

phosphorus is mandatory to achieve optimum growth rates in microalgal cells (Xia et al., 

2013). The growth rate reduced when the metabolic requirements and supplied nutrients 

are not balanced properly (Zarrinmehr, 2019). Some other factors like temperature, light, 

salinity, pH etc. also play a major rule in growth and biochemical compositions of 

microalgae (Yeh and Chang, 2012). According to Santhosh and Singh (2007) pH should 

be between 6.5 and 9.0, which were observed from all sampling site. Generally, DO is 

maximum in mid - afternoon due to photosynthesis and minimum in the early 

morning due to highest respiration and decomposition than photosynthesis (CWC, 2019). 

However, DO >5mg/L is essential to support good fish production (Bhatnagar and 

Singh, 2010) and DO of all sampling sites under this experiment were in optimal 

range.  Temperature of the both marine and freshwater sampling sites was in ideal level 

where the optimum growth temperature is mostly between 20 and 30˚C for most marine 

microalgae (Chisti, 2008). Optimum phosphorus concentration for microalgae is 

between  0.001 g/L to 0.179 g/L (Roopnarain et al., 2014), where TAN concentration 

must be less  than 0.5 mg/L and desirable range of nitrite-nitrogen is 0-1 mg/L (Stone and 

Thomforde,  2004). In the entire sampling site, nitrogen and phosphorus concentration 

was in ideal range that is required for plankton growth.   

5.2 Characterization of isolated microalgae 
 

In Bangladesh, huge numbers of algal species were reported to occur in freshwater, 

brackish water and marine habitats (Ahmed et al., 2008) that could be a potential source of 

feed for aquaculture, biofuel production, pharmaceuticals and nutraceuticals industry. 

Characterization of isolated microalgae was done according to John et al. (2002) and 

Belcher and Swale (1976) and isolated microalgae was Chlamydomonas sp., Navicula sp., 

Gonyostomum sp., Nannochloropsis sp., Choricystis sp., Chromochloris sp., Tetraedron 

sp., Chlorobotrys sp. Coelastrella sp., Kirchneriella sp. Oscillatoria sp1, Oscillatoria sp2, 

Oscillatoria sp3 and Oscillatoria sp4. 
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5.3 Growth phases of isolated microalgae 
 

In case of Chlamydomonas sp. previous study done by Puzanskiy et al. (2018) showed 

differences in growth phases of the current study due variation in the nutritional 

composition of the culture media or different strains from the different environment. In 

case of Choricystis sp., growth curve determined by Praharyawan et al. (2020) was found 

slightly different from the present study, though lag phase was found similar. The variation 

in stationary phase was found due to different culture media used in the experiment. Duong 

et al. (2015) reported similar days of lag phase of Tetraedron sp. to the present study. But 

variation in the exponential, stationary and onset of death phase varied due to different 

growth parameters of the culture period. The growth pattern (lag, exponential and 

stationary phase) of Nannochloropsis sp. in this study was slightly different from the 

previous study done by Ermavitalini et al. (2019). Combined treatment media of Indole 3- 

acetic acid (IAA) and 6-Benzyl Amino Purine (BAP) was used in that previous study for 

cultivation of Nannochloropsis sp. The differences in the performances observed can be 

linked to different growth media used in Nannochloropsis sp. growth. Moreover, cell 

density was slightly higher than the earlier study found 4.877 × 10
7
 cells mL

-1
 in Conway 

media reported by Khatoon et al. (2014). The differences observed can be linked to 

different strains from different environment. No previous study has been found in case of 

other species under this experiment. 

5.4 Specific growth rate (SGR), cell duplication time, cell doublings per day and cell 

density on harvest of isolated freshwater microalgae 

In Bangladesh, a very limited attention has been paid to the indigenous microalgae and its 

potentialities. Some world wide data are available regarding the SGR of Nannochloropsis 

sp. and Tetraedron sp. SGR of Tetraedron sp. reported by Duong et al. (2015) showed 

similar value to the current study. Yustinadiar et al. (2020) reported almost similar growth 

rate in case of Nannochloropsis sp. isolated from marine habitat and resulted about a 

growth rate of 0.25/day in stationary phase and 0.55/day on day 1 at 0.75:0.25 hr flashing 

light treatment in Walne medium. No previous study has been found in case of other 

species. The microalga Choricystis sp. showed lower cell duplication time compared to the 

other microalgae strains. Microalgae growth characteristics vary from species to species. 
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Moreover cell doublings per day was also varied among the species because of the variation 

in lag phase, log phase and stationary phase of individual species. Due to variation in 

growth rate which depend not only microalgae species but also culture environments. In 

different growth phases, microalgae growth rate differ due to the variation in several 

activity like in lag phase it adapts to the culture condition such as medium, pH, temperature 

and lighting (Krishnan et al., 2015). And then start to undergo rapid cell division and the 

cell of the culture will increase gradually in exponential order, as enzymes and metabolites 

needed for cell division are available here (Prayitno, 2016). After which, stationary phase 

taken place when the equal rate of the cell division and cell death occur due to depletion of 

nutrients in the medium (Krishnan et al., 2015). Along with this, Gonyostomum sp. resulted 

highest cell number on harvest because smaller size species grow rapidly than the larger 

ones because of their large surface or volume ratio of smaller sized cells which simplify 

assimilation of nutrients at comparatively faster rate (Phatarpekar et al., 2000). 

5.5 Volumetric, areal and lipid productivity of isolated freshwater microalgae 
 

The biomass production of microalgae is a mere function of the instantaneous growth rate 

and algal cell concentration in culture (Daniel and Srivastava. 2016). In the present study, 

different microalgae showed variation in biomass productivity which can be justified as 

productivity of microalgae is also influenced by the microalgal strain used and the 

characteristics of the environment, where it grows (Mercado et al., 2020). Moreover, lipid 

productivity of microalgae also varied among species as it depends on biochemical 

composition of microalgae, nutrient content of culture media and different stress factors. 

Microalgae cells accumulated a larger quantity of lipid when they were subject to 

unfavorable culture conditions (Lucas-Salas et al., 2013). In case of marine 

Nannochloropsis sp. strains, Daniel and Srivastava (2016) detected about 1088.44 g m
-3

 d 

-1
 mean volumetric productivity, 10.10 g m

-2
 d 

-1
 mean areal productivity from 30 mm 

thickness of thick tubular photobioreactor which was higher from the findings of the 

current study. Very less data has been recorded regarding the biomass and productivity of 

microalgal species under this study. Lipid productivity of Tetraedron sp. reported by 

Duong et al. (2015) was found lower than the current study. Based on the outcomes of the 

current study, Gonyostomum sp., Nannochloropsis sp., Chromochloris sp., Chlorobotrys 
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sp. and Kirchneriella sp. can be utilized a potential source of biofuel production as they 

showed higher lipid productivity 

5.6 Pigments content of isolated freshwater and marine microalgae 
 

5.6.1 Chlorophyll 
 

According to Lavin (2000), chlorophyll a is the primary pigment, and the others such as 

chlorophyll b and c serve as accessory pigments. Present study resulted higher chlorophyll 

a content than chlorophyll b in case of each species under this study. Total chlophyll 

content (Chlorophyll a and b) of Chlamydomonas sp. determined by Darwish et al. (2020) 

showed higher chlorophyll content than the present study. The variation in the result was 

found due to different culture medium used for cultivation and other factors such as 

alteration of light intensity and the light regime (Pandey et al., 2013). TAP media (Tris- 

Acetate-Phosphate) was used in the previous study done by Darwish et al. (2020) and the 

growth condition was 16:8 h alternating light: dark cycle, 23◦C and 100 rpm with ambient 

CO2 level. On the other hand, Chlamydomonas sp. was cultured in Conway media. The 

present study reported higher amount of chlorphyll-b content from Chlamydomonas sp. In 

case of Navicula sp., González-Vega et al. (2021) optimized the growing condition for 

pigment production, where 0.44mol/L 0f NaNO3, 40 PSU salinity, 3.5 days culture and 

methanol as a solvent were found as optimum growth conditions. The current study 

resulted higher chlorophyll a production than the previous study done by González-Vega 

et al. (2021). The variation in the result was observed due to the variations in the amounts 

of culture nutrients and other factors such as light, temperature, water quality, and cell 

extraction method. Moreover, chlorophyll concentration also varies based on the solvent 

(Wellburn, 1994). In the present study, Navicula sp. showed lower chlorophyll a content 

compared to other microalgae under this study. Previous study done by Fakhri et al. (2017) 

reported that, Nannochloropsis sp. showed different Chlorophyll-a content at different light 

intensities such as 4.977±0.095 μg/mL at 1500 lux, 6.520±0.049 μg/mL at 3000 lux and 

8.304±0.248 μg/mL at 4500 lux in 28 °C temperature with photoperiod 24: 0 and 

continuous aeration in Walne medium. But the present study, Nannochloropsis sp. showed 

higher chlorophyll-a content than Fakhri et al. (2017) study which due to varieties in the 

nutrient composition of the culture medium (Oo et al., 2017). In the present study, 
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chlorophyll a content of Coelastrella sp. was found higher than the earlier work done by 

Iyer et al. (2015). But the chlorophyll b content was almost similar to the earlier work done 

by Iyer et al. (2015). Earlier work done by Kulandaivel et al. (2007) resulted higher 

chlorophyll a content of Oscillatoria sp. than four strains of Oscillatoria sp. under the 

present study. The difference in the result was found due to variation in the use of different 

culture media (Oo et al., 2017). In the previous study by Kulandaivel et al. (2007) synthetic 

media and dairy effluent were used for cultivation. On the other hand, BBM and Conway 

medium were used for culturing freshwater and marine water strain of Oscillatoria sp., 

respectively. In case of other species under this experiment, no previous study on pigment 

content has been found. But, some species in the current study displayed almost same 

chlorophyll contents to other microalgal species. In case of Chromochloris sp., chlorphyll- 

a, and b content of the present study was almost similar to the chlorophyll a and b content 

of Chlorella vulgaris reported by Singh et al. (2017). On the other hand, chlorophyll a of 

Tetraedron sp. was almost similar as Ankistrodesmus falcatus in Bold’s Basal medium at 

702 lux light intensity in a 12-day culture period (Ogbonna et al., 2021). Moreover, 

Chlorophyll content in Choricystis sp. in the current study was almost similar with the 

study done by Donghui et al. (2016) on Dunaliella tertiolecta at the N: P of 16:1 during 

the period of cultivation in the urea containing Tk medium. As no previous study has been 

done on Choricystis sp. pigment content, our study concluded that, Choricystis sp. have 

more chlorophyll-a content than Navicula sp. reported here. Moreover, no earlier work has 

been found on pigment content of Gonyostomum sp., Chlorobotrys sp. and Kirchneriella 

sp. Also, chlorophyll content of those microalgal species under this experiment didn’t 

match with chlorophyll content of other microalgal species. From the present study, it can 

be concluded that, Chlamydomonas sp., Nannochloropsis sp., Chromochloris sp., 

Tetraedron sp., Chlorobotrys sp., and Coelastrella sp. sp. can widely be used as a great 

source of chlorophyll. 

5.6.2 Carotenoid 
 

The present study reported higher amount of carotenoid content from Chlamydomonas sp. 

Almost similar amount of carotenoid content was reported by Darwish et al. (2020). 

Previous study done by González-Vega et al. (2021) optimized the growing condition for 

pigment production from Navicula sp., where the optimum growth conditions were found 
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as 0.44mol/L 0f NaNO3, 40 PSU salinity, 3.5 days culture and methanol as a solvent. The 

current experiment resulted higher carotenoid production than the previous study which 

indicates variation in the culture media was responsible for the variation in the result (Islam 

et al., 2021). Moreover, the solvent used for extraction can also be a probable reason for 

the differences in the findings (Rise et al., 1994). Carotenoid contents of Nannochloropsis 

sp. vary at various light condition such as 2.830±0.014 μg/mL at 1500 lux, 3.518±0.018 

μg/mL at 3000 lux and 3.892±0.016 μg/mL at 4500 lux in 28 °C temperature with 

photoperiod 24: 0 and continuously aeration in Walne medium (Fakhri et al., 2017). But in 

the current study, Nannochloropsis sp. resulted lower carotenoid content than Fakhri et al. 

(2017) detected earlier. Differences in light intensity significantly influenced the total 

carotenoid contents and increased with the increment of light intensity in Nannochloropsis 

sp. (Fakhri et al., 2017). Earlier work done by Iyer et al. (2015) resulted higher carotenoid 

content of Coelastrella sp. than the current study. The difference in the result was found 

due to variation in the environmental parameters and chlorophyll concentrations (Techetel 

and Ruppel, 1992). In addition, carotenoids biosynthesis can also directly affected by 

biomass content (Velichkova, 2014). Moreover, Carotenoid content of four strains of 

Oscillatoria sp. under this experiment was found almost similar to the carotenoid content 

determined by Dharma et al. (2017). In this study, four strains of Oscillatoria sp. revealed 

lower levels of carotenoid than all other species combined, with Oscillatoria sp2 having 

the lowest value among the four strains. In case of other species under this experiment, no 

previous study on pigment content has been found. But, some species in the current study 

displayed almost same carotenoid content to other microalgal species. There was no 

previous study on pigment content of Chromochloris sp. However, Dunaliella salina 

contain similar amount of carotenoid in 0.7M salt concentration in Conway medium 

reported by Khatoon et al. (2020). Earlier study reported about 4.9mg/L carotenoid content 

in Scenedesmus almeriensis at 30°C (Sanchez et al., 2008) which was almost similar to the 

carotenoid content of Chlorobotrys sp. and Kirchneriella sp. under the current study. 

Carotenoid content of Gonystomum sp. and Tetraedron sp. in this study was found almost 

equivalent with the carotenoid content of Pectinodesmus sp. determined by Eze et al. 

(2021) in flask condition. Marzorati et al. (2020) had earlier opined that Spirulina sp. 

contained about 3.5 ± 0.2 mg.g
−1

 of total carotenoid content. However, in the current study, 
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Choricystis sp. showed almost same amount of carotenoid content. Present study also 

concludes that, Chlamydomonas sp., Chromochloris sp., Chlorobotrys sp., Coelastrella sp. 

and Kirchneriella sp. have high carotenoid content and huge potentiality to contribute in 

human and animal food industry. 

5.6.3 Phycobiliproteins 
 

In an earlier study Zuorro et al. (2021) opined that Oscillatoria sp. grown in optimized BG- 

11 media at 28 °C with a light: dark cycle of 12:12 h at 100 μmol m
–2

 s
–1

 for 15 days 

resulted with values of 15.21, 3.95, and 1.89 (% w/w), phycocyanin, allophycocyanin and 

phycoerythrin, respectively. In the present study, phycocyanin, allophycocyanin and 

phycoerythrin content of four strains of Oscillatoria sp. were found higher than the earlier 

study, though phycoerythrin content of Oscillatoria sp3 was lower than the earlier study. 

The differences in the findings may occur due to different culture environment, as growth 

and pigment production of microalgal species are are affected by environmental change 

(Chen et al., 2011). According to a prior study by Montero-Lobatoa et al. (2020), 

Chroococcidiopsis sp. produced 204 mg g-1 of phycobiliproteins under a light intensity of 

10 mol photons m-2 s-1, with a relative abundance of 40.9% for phycocyanin, 23.3% for 

phycoerythrin, and 35.8% for allophycocyanin. Additionally, Nostoc species, Arthrospira 

platensis, and Porphyridium purpureum were found in industrial wastewater with highest 

concentrations of 199 mg/g DW, 303 mg/g DW, and 93 mg/g total phycobiliproteins, 

according to Arashiro et al. (2020). In this experiment, Nannochloropsis sp. showed higher 

phycocyanin, allophycocyanin and phycoerythrin production than the earlier work done by 

Islam et al. (2021). The variation may occur due to variation of light exposure during 

culture period. No previous study has been reported on phycobilliprotein detetmination of 

Chlamydomonas sp., Navicula sp., Gonystomum sp., Choricystis sp., Chromochloris sp., 

Tetraedron sp Chlorobotrys sp., Coelastrella sp. and Kirchneriella sp. However, compared 

to cyanobacterial strains, very little total phycobiliprotein was found in Chlamydomonas 

sp., Navicula sp., Gonystomum sp., Nannochloropsis sp., Choricystis sp., Chromochloris 

sp., Tetraedron sp Chlorobotrys sp., Coelastrella sp. and Kirchneriella sp. (Zuorro et al., 

2021; Montero-Lobatoa et al., 2020; Arashiro et al., 2020), as the light harvesting pigments 

phycobiliprotein commonly found in cyanophyceae and cryptophyceae (Glazer, 1994). 

Additionally, according to Graham and Wilcox (2000), Chlorophyta (Green Microalgae) 
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are stated to contain primarily chlorophyll-a, b, and b-carotene, prasinoxanthin, 

siphonaxanthin, and astaxanthin and those microalgae in the current study all belong to the 

Chlorophyceae class. In this experiment, it can be concluded that among fourteen species 

of microalgae, four strains of Oscillatoria sp. belongs to cyanophyceae showed higher 

phycobiliprotein content than ten other green and brown microalgal species. 

5.7 Proximate composition of isolated microalgae 
 

The present study showed that the protein, lipid and carbohydrate content in 

Chlamydomonas sp. was significantly higher in Conway Medium. A study done by 

Darwish et al. (2020) where the protein content of Chamydomonas sp. was found 46.9% 

DW (Dry weight). According to Kliphuis et al. (2012), in a study where the biomass 

composition of Chlamydomonas sp. as% of DW under various energy inputs were 

assessed, the protein content of Chamydomonas sp. ranged between 37 and 42%. In the 

present study, the protein content was found 58.96% DW. The variation in the protein 

content can be occurred due to different growth conditions. In a previous study variation 

in the protein content of Chlamydomonas sp. under different growth conditions was 

observed (Boyle & Morgan 2009). In the present study, Chlamydomonas sp. showed a lipid 

content of 21.07% and the percentage is close to the study done by Darwish et al. (2020) 

(24.7%). As high oil yield of many microalgae species has been utilized in biofuel 

production, this species may have potential in this area (Hussain et al., 2017). In this study, 

Chlamydomonas sp. showed lower carbohydrate content (7.4902 %). The total amount of 

carbohydrates in microalgae varies depending on the species, the growth environment and 

cultivation period throughout the cell cycle. Green microalgae typically comprise 20% 

(DW) of carbohydrates, of which half is starch. Algal carbohydrates are good source of 

dietary fibre and also offer some health benefits (Wells et al.,2017). S0, this species can 

be used as a potential source of healthy food. The protein content (59.51%) of Navicula sp. 

in this study was higher than a previous study done by Fimbres et al. (2015) where 

biochemical composition of Navicula sp. cultured at different light intensities and 

wavelength was assessed. Though lipid content is lower, carbohydrate content is close to 

that study. Compared to an earlier study published by Khatoon et al. (2014), where 

Nannochloropsis sp. had about 44.3% protein and 32% lipid in 30ppt salinity (dry basis), 

the protein and lipid content of current study is lower. It is possible that the variances are 
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caused by the fact that the biochemical composition of microalgae differs with various 

compositions of media and growing conditions (Chen et al., 2011). Due to its higher protein 

and lipid content Nannochloropsis sp. can be extensively used as animal feed in 

aquaculture (Rodolfi et al., 2003). On the other hand, no previous data has been found 

regarding biochemical composition of Gnoyostomum sp. In this present study, the protein 

and lipid content of Gnoyostomum sp. cultured in Conway media was respectively 42.86 

% and 27.4 %. In a previous study, it was reported that microalgae containing high protein 

can be used as a potential source of animal feed (Bleakley and Hayes 2017). Hence, 

Gnoyostomum sp. can be considered as a potential source of feed industry. The protein 

content of Tetraedron sp. was found higher in current study than the experiment done by 

Duong et al. (2015).The result of the present study was supported by Thepsuthammarat et 

al. (2023) cliamed that Coelastrella sp. contain 33.91 % protein. But higher lipid and lower 

carbohydrate content was found in this study which wasn’t supported by that study. No 

previous study has been reported regarding biochemical composition of Choricystis sp., 

Chromochloris sp. and Chlorobotrys sp. However, the lipid and protein con tent of these 

species are higher. So, these species can be used as a potential source of feed of fish and 

other animals. In the present study, protein content of three strains of Oscillatoria was 

higher than the experiment done by Rasheedy et al., (2017), but protein content of third 

strain of Oscillatoria (Oscillatoria sp3) was lower than that. Simillarly except third strain, 

other three strains of Oscillatoria showed higher lipid content than that previous study. 

But, carbohydrate content of four strains in the current study were lower than that. These 

variations may occur due to the changes in nutrient concentration or growth conditions 

(Converti et al., 2009). Environmental elements including light, salinity, and the 

availability of nutrients have a significant impact on the growth rate and biochemical 

composition of microalgae, and these factors vary from species to species (Garca et al., 

2012). 
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6.7 Fatty acid composition: 
 

High amounts of -3 PUFAs are produced by microalgae, which are also prospective sources 

of specific fatty acids using large-scale cultivation techniques (Irmak & Arzu, 2020). 

PUFAs have recently attracted a lot of interest due to their multiple uses in pharmaceuticals 

and nutraceuticals. In this present study, Chlamydomonas sp. showed significantly 

(p<0.005) higher amount of PUFA. SAFA of Chlamydomonas sp. in this study was found 

higher than a previous study done by Darwish et al. (2020). Moreover, unsaturated fatty 

acid content was found higher than the saturated fatty acid, where the previous study 

showed almost similar amout of unsaturated and saturated fatty acid content. The variation 

in the result may occur due to difference in the species. Moreover, differences in the 

findings may also happen due to variation in the nutrient composition of the culture media 

(Siaut et al., 2011). A previous study done by Hasan et al. (2022) resulted higher amount 

of SAFA and n-6 PUFA of Nannochloropsis sp. than the current study which due to the 

varieties in the growth condition. In case of Choricystis sp., Menezes et al. (2015) reported 

similar amount of SAFA to the current study. But, PUFA was found higher than the present 

study which due to different media used for cultivation. Menezes et al. (2015) used WC 

media foe the growth where BBM was used in the present study. Moreover, Tetraedeon sp. 

showed lower SAFA and higher PUFA than an earlier work done by Duong et al. (2015). 

According to Ahlgren et al. 1992, cyanobacteria can produce more omega-3 fatty acids 

than green algae. In the present study, PUFAs were found higher in case of Strain 2 M2 

(25) and Strain 4 Fw2. The data analysis showed that long-chain fatty acids (LCFAs; 

longer than 12 carbons) made up almost 92% of the total fatty acid levels in the Oscillatoria 

sp. species studied. Medium-chain fatty acids (MCFAs; 8 to 12 carbons) made up about 

12% of the overall fatty acids. In contrast, Oscillatoria sp. did not contain any short-chain 

fatty acids (SCFAs; less than 6 carbons). Irmak & Arzu (2020) revealed that Oscillatoria 

sp. contain 34.74% SFA, 60.63% MUFA, 4.3% PUFA. In this study, Strain 1 M1 (20) 

shows similarity with the author’s data in case of SFA, PUFA and have high variations in 

case of MUFA and which may be due to the species variations. The similarity of Strain 1 

M1 (20) can be due to the planktonic nature of the both algae. Mundt et al. (2003) also 

narrated that fatty acids prevented the development of the Gram-positive bacteria Bacillus 

subtilis, Micrococcus flavus and Staphylococcus aureus in an agar plate diffusion test. 
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Thus, rich fatty acid composition may also provide the antimicrobial properties in 

Oscillatoria species. 
 

6.7 Amino acid composition: 
 

The total amino acids composition represents both protein constituents, free amino acids 

and/or amino acid salts. Protein quality is valued based on 8 essential amino acids, namely, 

methionine, leucine, isoleucine, lysine, phenylalanine, threonine, tryptophan and valine 

(Lourenço et al., 2002). In the current study total sum of non-essential amino acid was 

found higher than the total sum of essential amino acids. Total sum of essential amino acids 

of Chlamydomonas sp. was found lower (38.24 mg/g) than a study done by Darwish et al. 

(2020). Moreover, in this study non-essential amino acids of Chlamydomonas sp. was 

found higher than essential amino acids. Amino acid content of Nannochloropsis sp. in this 

study was found lower than the study done by Hasan et al. (2022) and these changes may 

occur due to variations in the growth condition. However, that previous study showed 

higher amount of non-essential amino acids than the essential amino acids like the present 

study. Higher amount of total sum of essential amino acids were recorded in Tetraedron 

sp. under this study. Less report has found has been found regarding amino acid profile of 

Tetraedron sp and other species under this study. Present study revealed that non-essential 

amino acids are found higher than essential amino acids in Oscillatoria. Strain 3 Fw1 

possess highest essential fatty acids followed by Strain 1 M1 (20), Strain 4 Fw2 and Strain 

2 M2 (25). On the contrary, Strain 2 M2 (25) and Strain 3 Fw1 showed highest and lowest 

percentage of non-essential fatty acid respectively. Non-essential fatty acids such as 

alanine, aspartic acid and were found prevalent in Oscillatoria sp. Strain 2 M2 (25) showed 

highest value of both glutamic acid (17.98%) and aspartic acid (13.36%) while Strain 4 

Fw2 showed highest value of alanine (12.99%). Leucine and threonine were abundant in 

case of essential amino acids in all the Oscillatoria strains. Highest leucine (7.98%) and 

threonine (5.95%) value were obtained from Strain 1 M1 (20) and Strain 4 Fw2 

respectively. Metcalf et al. (2021) indicated the abundance of amino acids in 

cyanobacterial food items and found higher percentage of glutamic acid (4.39%) followed 

by tyrosine (3.65%), tryptophan (2.98%), aspartic acid (2.3%), alanine (2.07), arginine 

(1.71%), valine (1.59%), threonine (1.4%) etc. which are lower than the result obtained by 
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this study. It can be due to the food processing loss of amino acid and also due to the species 

variations. 
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Chapter 6: Conclusion 
 

Considering the findings obtained from the present study it can be concluded that, SGR 

varied among different growth phases of microalgae. Chlamydomonas sp. 

Nannochloropsis sp., Tetraedron sp., and Coelastrella sp showed higher quantity quantity 

of protein and lipid content and their importance in fish or animal feed industry and fuels 

production. Moreover, Chioricystis sp. showed lowest cell duplication time and Navicula 

sp. resulted highest cell doublings per day which can be utilized for mass production of 

microalgae. Along with this, Tetraedron sp. accumulated much higher lipid in a day and 

can be as a potential species for biodiesel production. Interestingly, Chlamydomonas sp., 

Chromochloris sp. and Chlrobotrys sp. showed higher carotenoid and chlorophyll content 

and confirms their potentiality in pigment production and utilization of those microalgae 

in as natural food coloring agent. 
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Chapter 7: Recommendations and Future Prospects 
 

Chlamydomonas sp., Navicula sp., Gonyostomum sp. Coelastrella sp., Oscillatoria sp1, 

Oscillatoria sp2 and Oscillatoria sp4 showed a good quantity of protein but it could not 

represent the digestibility of microalgal protein as human and fish feed.. Along with this, 

Chlamydomonas sp., Chromochloris sp., Chlorobotrys sp., Coelastrella sp., and 

Kirchneriella sp. showed higher carotenoid content. Moreover, Chlamydomonas sp., 

Nannochloropsis sp., Chromochloris sp., Tetraedron sp., and Chlorobotrys sp. showed 

higher chlorophyll content, where four strains of Oscillatoria sp. showed higher chlorophyll 

content compared to those microalgal species. But pigment (chlorophyll and carotenoid) 

utilization by fish and other animal required to determine to identify the microalgal pigment 

potentiality as natural food coloring agent. Therefore, future research attempts may include 

the followings:- 

 Digestibility of isolated microalgae to utilize as fish or animal feed; 

 Pigment utilization capability by fish or other aquatic animal to strengthen the 

aquaculture industry; 

Future prospects 
 

 This study may establish a complete isolation procedure of microalgae 
 

 Will provides a complete profile of fourteen different marine and freshwater 

microalgae isolated from Bangladesh 

 Current results can be used as a basis for the manipulation of microalgae for high 

protein, lipid and pigments production 

 Current results also show the potential use of microalgae in feed industry and 

biodiesel production by utilizing the amino acid and fatty acid profile of microalgal 

species 

 May contribute to choose potential strains that possess fast growth, suitable 

pigments, proximate composition, fatty acid and amino acid profile to boost up the 

aquaculture, pharmaceuticals and nutraceuticals industry 
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Appendices 

Appendix A: (a) Water sample collection, (b) Sample concentration 
 

Appendix B: Determination of water quality parameter 
 

(a) Physical parameter (b) Chemical parameter 
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Appendix D: (a) Sample inoculation (b) Streaking in agar plates 
 

 

Appendix E: Observation of microalgal growth on agar plates 
 

Appendix F: Microalgae isolation 
 

(a) Picking single colony from agar plate (b) Transferring single colony to the test tube 
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Appendix G: Morphological identification of microalgae 
 

(a) Microscopic observation (b) Microscopic view of isolated microalgae 
 

Appendix H: Preparation of culture media 
 

 

Appendix I: Culture and maintenance of single isolated microalgae 
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Appendix J: Growth curve determination of isolated microalgae 
 

(a) Green microalgae (b) Brown microalgae (c) Cyanobacteria 
 

Appendix K: Determination of (a) cell density (b) and optical densit 
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b a 
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Appendix L: (a) Mass culture of green microalgae (b) Mass culture of brown 

microalgae and (c) filamentous cyanobacteria using substrate (d) Substrate used in 

mass culture 

Appendix M: Determination of biomass 
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Appendix N: Determination of chlorophyll content 
 

(a) Filtered sample on filter paper (b) Keeping filter paper in acetone (c) 

Homogenization of sample (d) Determination of chlorophyll through optical density 

Appendix O: Determination of carotenoid content 
 

(a) Centrifugation of sample (b) Determination of absorbance through 

spectrophotometer 

b a 
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Appendix P: Biomass extraction 
 

(a) Harvesting of microalgae (b) Harvesting from substrate (c) Dried biomass (d) 

Algae powder 

 

Appendix Q: Determination of phycobiliprotein content (a) soaking of sample in 

phosphate buffer (b) Mixing using vortex mixture 

 

 b 

 

 

 a 
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Appendix R: Determination of lipid (a), protein (b) and carbohydrate (c) content 
 

 

Appendix S: Determination of fatty acid content 
 

Appendix 1: One way analysis of variance examining the difference in cell density on 

stationary phase of the isolated microalgae. 

 Source of 

Variation 

Sum of 

Squares 

df Mean 

Square 

F Sig. 

Cell Density 

(cells/ml×10^7) 

Between 
Groups 

1440.658 9 160.073 1066.77 
5 

0 

Within 
Groups 

3.001 20 0.15   

Total 1443.659 29    

a b    c  
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Appendix 2: One way analysis of variance examining the chlorophyll-a and b content 

of isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

df Mean Square F Sig. 

Chl-a Between 

Groups 

1881.796 13 144.754 12467.1 

4 

0 

Within 

Groups 

0.325 28 0.012   

Total 1882.121 41    

Chl-b Between 
Groups 

11.879 8 1.485 157.123 0 

Within 
Groups 

0.17 18 0.009   

Total 12.049 26    

 

 
Appendix 3: One way analysis of variance examining the difference in carotenoid 

content of isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

df Mean Square F Sig. 

Carotenoid Between 

Groups 

142.821 13 10.986 308.40 

4 

0 

Within 

Groups 

0.997 28 0.036   

Total 143.818 41    
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Appendix 4: One way analysis of variance examining the difference in 

phycobiliprotein content of isolated microalgae. 

 

 Source of 

Variation 

Sum   of 

Squares 

Df Mean 

Square 

F Sig. 

Phycocyanine Between 

Groups 

25178.6 

6 

13 1936.82 35024.2 

9 

0 

Within Groups 1.548 28 0.055   

Total 25180.2 41    

Allophycocyanin Between 

Groups 

1818.38 

9 

13 139.876 10039.6 

7 

0 

Within Groups 0.39 28 0.014   

Total 1818.77 

9 

41    

Phycoerythrin Between 

Groups 

61.156 13 4.704 670.878 0 

Within Groups 0.196 28 0.007   

Total 61.353 41    

Total 

Phycobiliprotein 

Between 

Groups 

42039.5 13 3233.80 

7 

71081.7 0 

Within Groups 1.274 28 0.045   

Total 42040.7 

7 

41    
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Appendix 5: One way analysis of variance examining the difference in proximate 

composition (protein, lipid and carbohydrate) of isolated microalgae. 

 

 Source of 

Variation 

Sum of 
Squares 

Df Mean 
Square 

F Sig. 

Protein Between Groups 7361.743 13 566.28 
8 

673.38 
4 

0 

Within Groups 22.706 27 0.841   

Total 7384.449 40    

Lipid Between Groups 1082.77 13 83.29 97.388 0 

Within Groups 23.947 28 0.855   

Total 1106.716 41    

Carbohydrat 

e 

Between Groups 549.86 13 42.297 76.718 0 

Within Groups 15.437 28 0.551   

Total 565.297 41    

 

 
Appendix 6: One way analysis of variance examining the difference in volumetric 

productivity of isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

df Mean 

Squar 

e 

F Sig. 

Volumetric Between 4190.588 13 322.3 67694. 0 

Productivity(mg/L/Day) Groups   53 24  

 Within 0.133 28 0.005   

 Groups    

 Total 4190.722 41    
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Appendix 7: One way analysis of variance examining the difference in areal 

productivity of isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

df Mean 

Squa 

re 

F Sig. 

Areal Productivity 

((mg/cm2/day) 

Between 
Groups 

41.906 13 3.224 67694. 
24 

0 

Within 
Groups 

0.001 28 0   

Total 41.907 41    

 

 

 

Appendix 8: One way analysis of variance examining the difference in lipid 

productivity of isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

df Mean 

Squa 

re 

F Sig. 

Lipid Productivity Between 255.078 13 19.62 322.04 0 

(mg/L/Day) Groups   1 6  

 Within 1.706 28 0.061   
 Groups    

 Total 256.784 41    

 
 

Appendix 9: One way analysis of variance examining the difference in cell duplication 

time of isolated microalgae. 

 

 Source of 
Variation 

Sum of 
Squares 

df Mean 
Square 

F Sig. 

cell duplication time 

(Day) 

Between 
Groups 

3.512 13 0.27 146787 
.5 

0 

Within 
Groups 

0 28 0   

Total 3.512 41    
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Appendix 10: One way analysis of variance examining the difference in Cell 

doublings per day of isolated microalgae. 
 

 Source of 
Variation 

Sum of 
Squares 

Df Mean 
Square 

F Sig. 

Cell doublings per 

day (K) 

Between 
Groups 

0.873 9 0.097 6.85 
9 

0 

Within 
Groups 

0.283 20 0.014   

Total 1.156 29    

 
 

Appendix 11: One way analysis of variance examining the difference in SGR of 

isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

Df Mean 

Square 

F Sig. 

SGR Between 
Groups 

0.826 13 0.064 134153 
.2 

0 

Within 
Groups 

0 28 0   

Total 0.826 41    

 
 

Appendix 12: One way analysis of variance examining the fatty acid content of 

isolated microalgae. 

 

 Source of 

Variation 

Sum of 

Squares 

Df Mean 

Square 

F Sig. 

ƩSAFA Between 
Groups 

1014.374 13 78.029 4.165 0.00 
6 

Within 
Groups 

262.311 14 18.737   

Total 1276.685 27    

ƩMUFA Between 
Groups 

2026.621 13 155.894 17.203 0 

Within 
Groups 

126.869 14 9.062   

Total 2153.49 27    

Ʃn6-PUFA Between 
Groups 

910753.18 13 70057.937 924.82 
6 

0 

Within 
Groups 

1060.536 14 75.753   

Total 911813.71 
6 

27    
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Methyl icosa- 

5,8,11,14,17- 

pentaenoate 

Between 
Groups 

29.927 13 2.302 1.829 0.13 
8 

Within 
Groups 

17.62 14 1.259   

Total 47.547 27    

Methyl 

Docosahexanoate 

Between 
Groups 

0.143 13 0.011 0.951 0.53 
3 

Within 
Groups 

0.162 14 0.012   

Total 0.305 27    

Ʃn3-PUFA Between 
Groups 

500.221 13 38.479 5.568 0.00 
2 

Within 
Groups 

96.755 14 6.911   

Total 596.976 27    

ƩPUFA Between 
Groups 

896013.49 
8 

13 68924.115 866.52 
1 

0 

Within 
Groups 

1113.577 14 79.541   

Total 897127.07 
5 

27    

Ʃn3/ Ʃn6 Between 
Groups 

274.084 13 21.083 30.215 0 

Within 
Groups 

9.769 14 0.698   

Total 283.852 27    

DHA/EPA Between 
Groups 

18929.271 13 1456.098 36.164 0 

Within 
Groups 

563.694 14 40.264   

Total 19492.965 27    

SAFA/TUFA Between 
Groups 

18.145 13 1.396 43.46 0 

Within 
Groups 

0.45 14 0.032   

Total 18.595 27    

SAFA/TFA Between 
Groups 

1.462 13 0.112 107.52 
4 

0 

Within 
Groups 

0.015 14 0.001   

Total 1.476 27    

TUFA/TFA Between 
Groups 

1.462 13 0.112 107.52 
4 

0 

Within 
Groups 

0.015 14 0.001   
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 Total 1.476 27    
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