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Chapter -1: Introduction 

        Global demand for microalgae is increasing day-by-day since it drew attention as a 

green energy source of biofuel in the next generation. Based on this cue, a range of 

microalgae species are being cultured in hatcheries for various purposes, including 

human nutrition, biofuel production, aquaculture nutrition, manufacturer of 

pharmaceuticals and cosmetics, and biofertilizer production (Muller-Feuga, 2000; 

Chisti, 2008; Wijesekara et al., 2010; Leckie, 2021). As live feed, microalgae are 

mostly used in aquaculture food chain for various growth stages of crustacean, 

bivalve mollusk, some fish species, and zooplankton (Brow, 2002; Mishra and Pabbi, 

2004). Microalgae can easily survive in wastewater by absorbing nutrients, which 

reduces high cultivation cost. This attribute offers eco-friendly, sustainable and 

energy-efficient biofuel production from microalgae (Muller-Feuga, 2000; Qu et al., 

2019). Among microalgae, Scenedesmus sp. has an ability to grow well in diverse 

types of waste water (Toyub et al., 2008; Peng et al., 2017). Having good amount of 

saturated and unsaturated fatty acids as well as all the essential amino acids, 

Scenedesmus sp. is highly potential for biodiesel and nutraceuticals production (Qu et 

al., 2019). A better growth performance and biochemical composition of Scenedesmus 

obliquus was found in Bold Basal Media than Bristol and 2.5% waste water media 

(Toyub et al., 2008; Khatoon et al., 2017). It has also been reported that sodium 

nitrate has significant impact on the high specific growth rate of microalgae than urea, 

ammonium carbonate and ammonium chloride (Podevin et al., 2015).  

       The economic viability of biodiesel produced from microalgae, as well as biomass 

productivity and lipid yields are important parameters that must be optimized. 

Alteration of cultivation techniques such as changing the nutritional elements of the 

growth medium, ambient conditions, and microalgae development phases can 

increase biomass productivity and composition of biomolecules, particularly fatty acid 

production in microalgae (Converti et al., 2009; Fan et al., 2014). Recently a lot of 

works have been done on different microalgae species to enhance its growth 

performance, lipid production and enrich the nutrient composition (Courchesne et al., 

2009; Solovchenko et al., 2013). When a light source and CO2 are available, nutrient 

limitation is one of the most effective triggers for increasing lipid accumulation in a 

single microalgal cell (Li et al., 2011; Han et al., 2013). As a component of high-value 

biological macromolecules such as proteins, chlorophylls, and DNA, nitrogen is a 
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https://www.britannica.com/technology/biodiesel


Page | 2  

 

crucial macronutrient that affects the metabolism and, as a result, the growth and 

biochemical composition of microalgae (Fan et al, 2014).  

        Photosynthetic activity and biochemical composition such as fatty acids, pigment, and 

protein are notably affected by nitrogen limitation, which is also effective to enhance 

the lipid content of microalgae (Xin et al., 2010; Pancha et al., 2014). Nitrogen 

constraints also influence in conversion of free fatty acids into triacylglycerols 

(TAGs) over time, which is suitable microalgal lipid feedstock for biodiesel 

production (Nayak et al., 2019). The addition of a limited amount of NaNO3 to the 

microalgae culture medium on a daily basis improved the growth, biochemical 

characteristics, and lipid synthesis of Chlorella sp. and Isochrysis galbana (Zhang and 

Liu, 2016; Nayak et al., 2019). The effects of different CO2 and Fe3+ ion 

concentrations on the biomass yield, lipid productivity and accumulation, fatty acid 

profile, and the level of antioxidant compounds of Scenedesmus obliquus were 

evaluated in N-9 medium and found that enriched fatty acid profile in lower 

concentrations (El-Baky et al., 2014). Zarrinmehr et al. (2020) found that at sufficient 

nitrogen concentrations (72 mg/L), polyunsaturated fatty acids (PUFAs) increased 

five-fold, compared to nitrogen deprivation (34 mg/L), where saturated fatty acids 

(SFAs) concentrations were higher than nitrogen sufficiency. 

Therefore, to improve the growth, nutritional and biochemical composition, it is 

necessary to standardize the concentration of nutrients, particularly nitrogen for 

microalgae cultivation. Despite many studies on Scenedesmus sp., no research has 

been done on the effect of different nitrogen concentrations on the growth and 

biochemical composition of Scenedesmus sp. particularly in Bold Basal Media. So, 

the objectives of this study are:- 

I. To examine the effect of different nitrogen concentrations on the growth, 

productivity, pigment, proximate and fatty acid composition of freshwater 

Scenedesmus sp. cultured in BBM. 

II. To improve the nutritional value of Scenedesmus sp. by modifying nitrogen 

concentration. 
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Chapter- 2: Review of Literature 

2.1. Microalage and Their Potentiality: 

Microalgae, also known as microphytes, are phytoplanktons that live in both the water 

column and the sediment and are commonly found in freshwater and marine settings 

and also are microscopic in nature (Thurman, 1997). They are unicellular species that 

live alone, in chains, or in groups. Microalgae also create a variety of other 

commercially significant and important products. They generate vitamins, which 

increases their value as a source of nutrition for humans and animals (Borowitzka, 

1998; Cuellar-Bermudez et al., 2015). They also produce a variety of polysaccharides 

that are useful in medicine. Chlorophyll, β-carotene and other carotenoids, 

phycobiliproteins, and astaxanthin are all beneficial and commercially relevant 

pigments produced by various species (Cuellar-Bermudez et al., 2015). These 

pigments are important in cancer, neurological disorders, and optical illnesses 

treatments (Guil-Guerrero et al., 2004; Soletto et al., 2005). Protein is also abundant 

in microalgae. Their ability to produce critical amino acids boosts their potential as 

protein-rich diets (Guil-Guerrero et al., 2004). Starch, cellulose, hemicelluloses, and 

other polysaccharides are produced by microalgae from simple monomeric sugars, 

primarily glucose. Algal cells are an essential food source due to their high glucose 

content. They also create and store huge amounts of lipids, which differ by species 

and are influenced by a variety of circumstances. Glycerol, esterified sugars to various 

types of fatty acids (12–22 carbon atoms) are the most common lipids found in algal 

cells (Pulz, 2001; Duong et al., 2015). 

Microalgae have been extensively studied around the world as a viable alternative for 

fossil fuels, as well as for use in leachate remediation, hyper saline wastewater 

disposal, and as a feedstock for marine life (Krishnan et al., 2015). Furthermore, their 

production offers a strategy for reducing carbon dioxide emissions, which contribute 

to climate change. One ton of microalgae are expected to burn 1.83 ton of CO2 from 

the atmosphere (Chisti, 2007). Moreover, microalgae-based biofuel is a non-toxic, 

biodegradable, and renewable resource (Song et al., 2013). Microalgae, on the other 

hand, are widely used in the cleanup of leachate from landfills (Aravantinou et al., 

2013; Richards and Mullins, 2013). In addition, lipid-rich microalgae, particularly in 
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essential fatty acids, are widely cultivated as a diet for juvenile fish, shellfish, mussel 

and zooplankton like rotifers (Li et al., 2014). 

2.2. Growth Phases of Microalgae: 

The lag phase, exponential phase, phase of declining relative growth, stationary 

phase, and death phase are the five growth phases of microalgae (Farag and Price, 

2013). The first phase is the lag phase, during which the cell density increased slowly 

because the microalgae cell undergoes physiological adaptation of its metabolism, 

which includes cell division and carbon fixation. The log phase, also known as the 

exponential phase, is the second phase. The cell density grows as a logarithmic 

function of time during this phase. The algae species, light intensity, and temperature 

all influence the specific growth rate. 

 

 

 

 

 

 

The third phase is the declining phase, during which cell division slows and nutrients, 

light, pH, carbon dioxide, and other physical and chemical variables begin to limit 

growth. The fourth phase is the stationary phase, during which the cell density 

remained steady for some time due to the balance between the limiting factor and 

growth rate. This is the phase with the highest density of microalgae. The death phase 

is the final stage. At this point, the water quality has deteriorated, nutrient levels have 

reduced to the point where growth can no longer be sustained, and cell density has 

rapidly plummeted. The culture has come to an end in this phase. 

Microalgae, unlike other energy crops, develop exceedingly quickly and have a high 

photosynthetic efficiency and lipid content. Despite the fact that microalgae growth is 

species dependant, they can easily quadruple their biomass in just 24 hours (Moazami 

et al., 2012; Suzana et al., 2013). 

 

                 Figure 1. Growth phases of microalgae 



Page | 5  

 

2.3. Scenedesmus sp.: 

Freshwater green microalgae Scenedesmus sp. is colonial and non-motile. This 

species can exist as a single cell, although it is more commonly found in coenobia of 

four to eight cells within the parental mother wall (Guiry and Guiry, 2021). A variety 

of factors influence the genesis of coenobia. At high light intensities and 

temperatures, a greater proportion of unicellular organisms were detected, suggesting 

that organisms prefer to be non-colonized at higher growth rates (Guil-Guerrero et al., 

2004). Ideal light intensity and nutritional condition help in successful cell growth 

into larger colonies. However, the large mass limits nutrients uptake and promotes 

sinking as well as avoidance of grazing predators like zooplankton (Lürling, 1999). 

 

 

 

 

 

Taxonomic classification of freshwater microalgae Scenedesmus sp. is given below 

(Guiry and Guiry, 2021): 

         

 

 

 

 

Typical mitotic cell division has been occurred in cell growth of Scenedesmus sp. 

(Guiry and Guiry, 2021). The mother cell enlarges during replication and becomes 

multinucleate after numerous divisions. The cytoplasm is then cleft into uninucleate 

daughter cells, which often form non-motile autospores. These daughter cells usually 

            Division                 : Chlorophyta 

                  Class                : Chlorophyceae 

                      Order            : Sphaeropleales 

                           Family      : Scenedesmaceae 

                                Genus  : Scenedesmus (Hegewald, 1977) 

 

 

        Figure 2. Scenedesmus sp. 
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join forces with other daughter cells to create a colony within the original cell wall, 

which is released later (Pickett-Heaps and Staehelin, 1975). 

Scenedesmus quadricauda has a high protein content of 34.69 ± 0.41 % according to 

proximate analysis of dried microalgal biomass (Nayak et al., 2019). Hence, S. 

quadricauda is a promising potential feedstock for developing novel bioactive 

chemicals, and its protein-rich biomass may be utilized as animal feed (El-Moneim et 

al., 2018; Patnaik et al., 2019). S. quadricauda also had antibacterial activity against 

Staphylococcus aureus and Pseudomonas aeruginosa, with minimum inhibitory 

concentrations of 250 g/ml for both species (Arguelles, 2018). Scenedesmus sp. has 

been studied for its potential application in biodiesel synthesis as it is known to have 

high biomass productivity and lipid percentage (≥ 12 % dry weight) among green 

algae (Patnaik and Mallick, 2015). Its heterotrophic biomass and lipid production 

under optimal conditions is reported to be more efficient than its autotrophic 

production (da Silva et al., 2009; Shovon and Nirupama, 2009; El-Sheekh et al., 

2012). Numerous researches have been conducted to optimize biomass productivity 

and lipid content of microalgae through altering the proportion of additional nutrients 

(Zhang and Liu, 2016; Nayak et al., 2019). Scenedesmus sp. is more effective in 

capturing CO2 than other algae, for example, Chlorella sp., Isochrysis galbana, 

Monoraphidium sp. etc. (El-Sheekh et al., 2013). Though Scenedesmus sp. is capable 

of producing a wide range of biofuels, including bioethanol, biodiesel, bio-hydrogen, 

and drop-in fuels, the majority of study has focused on its usage in the manufacture of 

bio-diesel (Logan and Ronald, 2011). Scenedesmus sp., as well as other microalgae 

like Chlorella sp., Dunaliella sp., Chlamydomonas sp., and Spirulina sp., have a high 

carbohydrate content (>50% dry weight), making them good candidates for bio-

ethanol production (John et al., 2011). In one study, Scenedesmus sp. was used to 

yield maximum 0.213 g ethanol /g biomass within 4 hours of fermentation after 

hydrolysis with 2% sulfuric acid (Ho et al., 2013). Scenedesmus dimorphus was found 

to be more efficient at removing ammonia from agroindustrial wastewater in a 

cylindrical bioreactor comparing with the efficiency of Chlorella vulgaris, while both 

algae removed phosphorus to the same extent (González et al., 1997).  
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2.4. Bold Basal Media: 

Nitrogen, phosphorus, calcium, potassium, magnesium, microelements, and vitamins 

are all present in a basic microalgae culture medium. Algae have need of a few 

prerequisites to grow such as, water, sunlight, carbon, and nutrients like nitrogen and 

phosphorus. Screening and media optimization are required for low-cost microalgae 

biofuel before going to big scale, as media composition has a substantial impact on 

microalgal growth, lipid output, and microalgae biodiesel cost (Yang et al., 2014; 

Sharma et al., 2015). Because getting nutrients for biomass production from open 

water or ocean adds significantly to the biomass cost, wastewaters are represented as 

supplementary of commercial culture media and one of the finest possibilities for 

sustainable, zero-emission biofuel production (de Carvalho et al., 2019). The 

influence of several media, such as Blue Green-11(BG-11), Bold Basal medium, 

Fog's medium, and Basal medium, on microalgae growth and lipid productivity was 

investigated in a study conducted by Sharma et al. (2015). The Bold basal medium 

was shown to be the best for biodiesel production, having the highest lipid output 

(Sharma et al., 2015). For high lipid output of microalgae photoautotrophic 

cultivation, medium screening and tuning are essential. The quality of the medium 

used to cultivate microalgae has a significant impact on their growth performance 

(Devi et al., 2012; Lam and Lee, 2012). The composition of the medium, such as 

carbon, nitrogen, phosphorus, and some trace elements, has a major impact on cell 

development and fat accumulation (Liu et al., 2008). Dayananda et al. (2007) cultured 

Botryococcus braunii on BG-11, BBM (Bold Basal medium), and BBM nutrient 

media, examining how the composition of the culture media affected biomass and 

lipid output. Sharma et al. (2011) cultivated Chlorella vulgaris in Juller's medium, 

Bold's Basal medium, modified Chu-10 medium, N-8 medium, and Kuhl's medium to 

see how they affected growth, morphology, and pigmentation. They discovered that 

Bold's Basal medium was better in terms of growth medium. This medium is quite 

enriched, and it is used for a lot of green algae cultivation. 
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2.5. Effect of Different Nutrients on Microalgal Growth and Biochemical 

Composition: 

When microalgae are cultured in changing environmental conditions, such as salinity, 

pH, and temperature, their biochemical composition can alter all important 

components like protein, carbohydrates, and lipids of microalgae. Researchers 

discovered that macronutrients such as nitrogen and phosphorus, as well as their 

ratios, had a significant impact on the protein, carbohydrate, lipid, fatty acids, 

chlorophyll-a, and carotenoids content of microalgae (Loureno et al., 1997). The 

cytoplasmic oil droplets are accumulated in nature under stressful environmental 

conditions including high temperature, light intensity, and salinity rise (Lynn et al., 

2000; Gushina and Harwood, 2009; Solovchenko, 2012). The total lipid concentration 

and fatty acid profile are more affected by the nutritional composition of the medium 

in culture, with nitrogen, silicon, and phosphorus playing larger roles (Lopez et al., 

2000; Xia et al., 2014). In comparison to the other media, Lynn et al. (2000) found the 

better algal growth in the medium with higher levels of sodium and trace elements 

like Fe, Mn, Mo, and Co and lower levels of N and P. These nutrients were also 

strongly connected with the greatest levels of total lipid (32%), as well as the highest 

amounts of saturated fatty acids, particularly palmitic acid. peaks in polyunsaturated 

fatty acids (43.7%), particularly α-linolenic acid (28.4%), were linked to N and P, but 

the link with K and Mg was stronger. N and P were the most critical elements 

associated with a high level of monounsaturated fatty acids, followed by K and Mg to 

a lesser extent. 

2.5.1. Phosphorus: 

Phosphorus is an essential component for normal algal cell development and 

proliferation. It is the most important constraint to microalgal growth (Larned, 1998; 

Raghothama, 2000). Algae contain 1% phosphorous by dry weight (Vymazal, 1988), 

however that small amount is insufficient for microalgae because all of the supplied 

phosphorus is not accessible due to their metal ion binding nature. The Calvin-Benson 

cycle is an important carbon fixation cycle that requires a specific substrate. Due to 

lack of accessible and needed phosphorus, these substrates could not be synthesized 

(Barsanti, 2006). Phosphorus deficiency causes lipid deposition in microalgae. Total 

lipid content in Scenedesmus sp. increased from 23 % to 53 % with a reduction in 
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total phosphorus (as phosphate) concentration of 0.1 to 0.2 mg L-1 (Xin et al., 2010). 

In Chlamydomonas reinhartdtii, phosphorus limitation resulted in a decrease in 

phosphatidylglycerol (PG) (Sato et al., 2000). It is required for normal 

photosynthesis-2 complex structure-function and cell growth, as well as the 

maintenance of chlorophyll-protein complex levels. Because of the phosphorus 

shortage, N-3 PUFA synthesis is also reduced (Reitan et al., 1994). Ge et al. (2018) 

demonstrated that microalgae cultured in mixotrophic mode with glycerol fed 

exhibited the highest biomass and lipid productivities. Scenedesmus sp. was subjected 

to phosphorus stress in order to increase lipid synthesis. The addition of 2 mg L-1 

NaH2PO4.2H2O every 2 days resulted in the maximum lipid production (350 mg L-1) 

and lipid content (about 41% of dry weight), which were both higher than those in 

replete phosphorus (Yang et al., 2018). However, other algal species, like Chlorella 

zofingiensis and Phaeodactylum tricornutum, showed lipid buildup accompanied by 

an increase in starch (Breuer et al., 2012). 

2.5.2. Trace Metals: 

Algal cells contain a large number of trace metals in minute amounts (less than 4 

ppm). Manganese (Mn), Iron (Fe), Cobalt (Co), Copper (Cu), Nickel (Ni), and Zinc 

(Zn), the six trace metals are the most essential for their metabolic processes (Bruland 

et al., 1991). Microalgal development is also reliant on the availability of trace metals, 

which are limiting factors. Excess or low concentrations of these can impede growth, 

hamper photosynthesis, damage the cell membrane, and deplete anti-oxidants. Iron is 

an essential trace element for photosynthesis and respiration in algae. For nitrogen 

assimilation, the oxidation reduction reaction process is required; it works as a 

catalyst in this process. It also acts as a catalyst in a variety of activities, including 

photosynthesis and electron transport pathways (Abadia, 1986). Because of the lack 

of iron, the concentration of cellular chlorophyll decreases (Greene et al., 1992). 

According to Liu et al. (2008), a higher concentration of iron in Chlorella vulgaris 

cultivation was a major element in increasing lipid content. Reduced carotenoid 

composition has also been seen as a result of iron insufficiency (Kobayashi et al., 

1993; van Leeuwe and Stefels, 1998). Liu et al. (2015) suggested that inorganic 

carbon and magnesium are important for biomass production and ammonia removal 

by Scenedesmus cultured in anaerobic digestion effluent of livestock wastewater.  
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Chlorophyll and its derivatives have been investigated as physiologically active 

dietary components. In vitro, chlorophyll and its derivatives, pheophytins and 

pheophorbins, have antioxidant and antimutagenic effects (Ferruzzi et al., 2002), and 

Negishi et al. (1997) demonstrated chlorophyll's antigenotoxic activity in Drosophila. 

The chlorophyll content of microalgae fluctuates in response to physical elements like 

light intensity, agitation, and temperature, as well as chemical aspects like nutrition 

availability. Temperatures above 40°C resulted in a decrease in chlorophyll 

concentration in Chlorella vulgaris (Chinnasamy et al., 2009). Increased agitation 

reduced the quantity of chlorophyll in Scenedesmus obliquus due to more uniform 

light distribution (Martinez et al., 2000). Variations in nutrient availability in vitro can 

affect chlorophyll concentration in cultures; for example, in C. vulgaris cultures, a 

reduction in magnesium content causes a fall in chlorophyll concentration (Finkle and 

Appleman, 1953). 

2.6. Effect of Nitrogen on Microalgal Growth and Biochemical Composition: 

Nitrogen is a critical nutrient for microalgal growth since it is required for the 

synthesis of amino acids, proteins, coenzymes, enzymes, chloroplast, and other 

structures (Turpin, 1991). Nitrogen concentrations in microalgae can alter growth rate, 

as well as protein, lipid, and carbohydrate synthesis (Pancha et al., 2014). Several 

studies have shown that whereas nitrogen restriction increases fat accumulation, it 

decreases biomass productivity (El-Kassas, 2013). Many studies have found that 

nitrogen deficiency alters the biochemical composition of microalgae, including 

carbohydrate and protein content, pigments and lipid concentration, fatty acid 

composition, and photosynthetic activity (Solovchenko et al., 2012; Fan et al., 2014). 

The effect of nitrogen supply on the biochemical composition, lipid classes, and fatty 

acid profile of the marine microalga Isochrysis galbana was investigated in several 

trials (Fidalgo et al., 1998; Liu et al., 2015). 

2.6.1. Proximate Composition: 

Microalgae can employ a range of nitrogen sources (such as ammonia, nitrite, nitrate, 

and urea), while different nitrogen sources can induce the biochemical composition of 

microalgae (Angles et al., 2017). More crucially, certain microalgal species could 

convert proteins or peptides to carbohydrates or lipids as energy reserve materials 

under nitrogen depleted circumstances (Huo et al., 2011).  Illman et al. (2000) showed 
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that 55% carbohydrate content was found in C. vulgaris cultured in a depleted 

nitrogen medium. D'Souza and Kelly (2000) also stated that nitrogen deficiency 

combined with carbon-di-oxide feeding might increase the carbohydrate content of 

Tetraselmis suecica cells from 10% to 57 %. The limiting of nitrogen availability 

appears to be an effective strategy of causing the buildup of carbohydrates in 

microalgae (Ho et al., 2011). However, since the pathways of metabolism are closely 

linked with the production and depletion of energy-rich compounds (e.g., lipids and 

carbohydrates), a negative relationship between lipid and carbohydrate yield under 

various environmental stresses were found in several studies (e.g., nitrogen depletion) 

(Rismani-Yazdi et al., 2011; Siaut et al., 2011; Ho et al., 2012). 

Nitrogen deprivation is an excellent way to boost microalgae lipid content. Pancha et 

al. (2014) reported that Scenedesmus sp. CCNM 1077 cultivated in a nitrogen-free 

medium had considerably higher lipid content than Scenedesmus sp. CCNM 1077 

cultured in BG-11 media. According to Jia et al. (2015), the lipid content of 

Nannochloropsis oceanica cultivated under nitrogen-depleted conditions was roughly 

twice that of a sample cultured in a standard medium. Converti et al. (2009) found 

that when the nitrogen concentration in the medium was reduced by 75%, the lipid 

content of Nannochloropsis oculata and Chlorella vulgaris increased from 7.9% to 

15.3 % and from 5.9% to 16.4%, respectively. The overall lipid content of Chlorella 

cells dropped as the nitrogen concentration was raised, according to Lv et al. (2010). 

Qi et al. (2016) showed that once the cells were switched from a nitrogen-rich to a 

nitrogen-deficient broth, the lipid content of Chlorella vulgaris SDEC-3M rapidly 

rose. Unfortunately, a nitrogen deficiency may result in an insufficient amount of 

biomass output. Therefore, Yu et al. (2018) previously used a two-step cultivation 

strategy to encourage Chlorella and Scenedesmus to produce lipids. In the first phase, 

each microalgae was cultivated in a medium containing enough nitrogen to enable a 

high degree of biomass production. To boost the lipid content, the microalgae was 

harvested and transferred to a nitrogen-free growing medium in the second stage. The 

technique for algae and water separation has high production costs, which prohibited 

the method from being used in large-scale biodiesel manufacturing (Sonkar and 

Mallick, 2017). 
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2.6.2. Cell Growth: 

A fed-batch culture method can help to increase biomass productivity. Han et al. 

(2013) found that daily addition of a little amount of NaNO3 to the medium enhanced 

algae growth and lipid production. Furthermore, lutein produced by Scenedesmus 

obliquus can be used as a by-product of lipid production, potentially lowering lipid 

production costs even more. Scenedesmus obliquus, Chlorella vulgaris, and Chlorella 

minutissima produced more biomass and lipids when 0.01 g L-1 nitrate was added to 

the medium every three days, according to Sonkar and Mallick (2017). Lower 

nitrogen concentrations were observed to have a considerable impact on the 

microalgal cell growth and photosynthetic activity, as well as affecting cell shape.  

2.6.3. Pigments: 

Chlamydomonas reinhardtii and Scenedesmus subspicatus cultures with low nitrogen 

contents have lower chlorophyll content (Dean et al., 2010). The effects of nitrogen 

stress and light intensity, in particular, must be thoroughly detailed because these are 

the circumstances that are known to modify the cellular content of chlorophyll. The 

amount of chlorophyll changes according on the stage of cultivation, with the amount 

of chlorophyll being lowered in the stationary phase (Fidalgo et al., 1998). Because 

chlorophyll is a possible biotechnological product from microalgae, and its content is 

linked to photosynthesis efficiency and cell growth, it's crucial to know how culture 

conditions affect chlorophyll production and other cellular consequences.  

Carotenoids are vital in the process of photosynthesis with chlorophyll in algae. Green 

algae also have carotenoids as supplementary pigments, in addition to the 

photosynthetic pigment chlorophyll. β-carotene, lutein, violaxantin, anteraxantin, 

zeaxantin, and neoxantin are the primary carotenoid compounds found in green algae 

(Burtin, 2003). Nicolau et al. (2020) found that N-replete circumstances increase 

carotenoid production, resulting in a greater antioxidant capability in Nephroselmis 

sp. Indeed, total carotenoids and peroxyl radical scavenging activity were higher in N-

replete settings and drastically decreased in N-limited or famine conditions. 

Individual carotenoids, such as siphonaxanthin, neoxanthin, xanthophyll cycle 

pigments, and lycopene, followed the same pattern as total carotenoids, however 

carotene and lutein remained constant independent of nitrogen availability. The N-

replete therapy also resulted in greater carotenoid productivities. Carotenoids' 
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antioxidant activity is linked to their ability to defend against photo-oxidative damage 

caused by reactive oxygen species (ROS), which are constantly created during 

photosynthesis and aerobic metabolism (Young and Lowe, 2001; Sandmann, 2019). 

Furthermore, N deficiency is known to cause reactive oxygen species (ROS) 

production in microalgae cells (Zhang et al., 2013; Çakmak et al., 2015; Chokshi et 

al., 2017). 

2.6.4. Biochemical Properties: 

As a result of N-deficiency, various authors have observed an increase in hydrogen 

peroxide (Çakmak et al., 2015; Chokshi et al., 2017; Hamid and Sibi, 2018) and lipid 

peroxidation (Zhang et al., 2013; Fan et al., 2014; Yilancioglu et al., 2014) in 

microalgae cells. A well-known example of the huge accumulation of carotene in 

Dunaliella spp. exposed to N-starvation combined with high light and high salinity 

(Ben-Amotz and Avron, 1983; Lamers et al., 2012) is the massive accumulation of 

carotene in Dunaliella spp. exposed to N-starvation combined with high light and 

high salinity. However, the effect of nitrogen availability on antioxidant components 

varies by species; therefore enhanced antioxidant activity owing to secondary 

carotenoids over accumulation under nutritional stress should not be applied 

universally. Only a few chlorophytes species can accumulate secondary carotenoids 

(Mulders et al., 2014), and various studies have found that N-deficiency reduces 

antioxidant activity and primary carotenoids (Solovchenko et al., 2008;  Goiris et al., 

2015; Ruiz-Domínguez et al., 2015; Aremu, et al., 2016; Zhang et al., 2019). 

The content and source of nitrogen, among other nutrients, can influence and change 

the biochemical makeup of microalgae cells. Scenedesmus sp., based on literature 

reports of biodiesel production from microalgae, is an excellent candidate for use as a 

feedstock in the manufacture of biofuel and food, due to its ability to thrive in a 

variety of wastes and high biomass and lipid production capacity (Pancha et al., 2014; 

Pezzolesi et al., 2019). Growth, cell density, and fatty acid profiles are all 

substantially induced when nitrogen is scarce (Sukenik and Carmeli, 1990; Navarro-

Peraza et al., 2017). Therefore, it was expected that this research will be helpful to 

enhance the growth, nutritional and biochemical composition of Scenedesmus sp.  

through standardized nitrogen concentration. 
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Chapter-3: Materials and Methods 

3.1. Microalgae Collection and Culture: 

The freshwater Scenedesmus sp. was collected from ‘Live Feed Research Corner’, 

Faculty of Fisheries, Chattogram Veterinary and Animal Sciences University, 

Chattogram, Bangladesh. The pure Scenedesmus sp. was cultured in modified Bold 

Basal Media (Stein, 1980) under controlled environment at 25.2 ± 0.7°C, 7.72 ± 0.17 

pH, 4.53 ± 0.53 mg/L dissolved oxygen by gentle aeration  and 150 µE m-2s-1 light 

intensity for 24 h. 

3.2. Experimental Design: 

Firstly, the sub-culture was run every two weeks in order to maintain a healthy and 

good stock by using different volumes (100ml, 250ml, and 500ml) of Erlenmeyer 

flask as to prepare the Scenedesmus sp. stock for the main experiment.  This research 

was conducted to explore the effect of different nitrogen concentrations on growth, 

pigment and proximate composition of Scenedesmus sp. comparing with standard 

nitrogen concentration in Bold Basal Medium (Stein, 1980). 

There were five treatments of different nitrogen (NaNO3) concentration as 13 g/L 

(T1), 19 g/L (T2), 25 g/L (control: considering standard Bold Basal Medium 

concentration by Stein, 1980), 31 g/L (T3), and 37 g/L (T4) according to 24% up and 

down from control. This experiment was divided into two parts: firstly, analysis of 

growth curves and secondly, analysis of pigment and proximate composition. To 

analyze the growth curve, 2% Scenedesmus sp. seeds (~105cells/ml) from pure stock 

were inoculated in 300 ml culture media of each treatment in a 500 ml conical flask 

with three replications. Growth parameters such as cell density, optical density, 

biomass, and chlorophyll (a, b) were measured everyday to explore the stationary 

phase up to 13 days of the culture period. Afterward, mass culture was continued in a 

2L volume Erlenmeyer flask along with 2% Scenedesmus sp. seed inoculation till 

stationary phase for each treatment. Then the harvested microalgae through a 

centrifuge (Hitachi* High-speed Refrigerated Centrifuge, Himac CR 21g-II) was 

dried at 40°C temperature using a hot air oven, and subsequently, preserved at 

refrigerator (4°C) for following pigments, proximate,  and fatty acid analysis.  

All Erlenmeyer flasks for microalgae culture were autoclaved and also covered with 

sterilized cotton balls, aeration pipes were sterilized through chlorination treatment; 
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total culture and sampling were done following precaution to avoid contamination 

with other microalgae species and protozoa in Scenedesmus sp. cultures. The 

experiment was completed in Disease and Microbiology Laboratory, Faculty of 

Fisheries, Chattogram Veterinary and Animal Sciences University.  

3.2.1. Culture Media Preparation: 

Distilled water was autoclaved at 121°C temperature and 15 lbs/ inch2 pressure for 15 

minutes, the sterilized water was stored at room temperature. Culture media was 

prepared along with sterilized distilled water and modified Bold Basal Media (Stein, 

1980) according to the following labeled constituents. 

Table 1. Preparation of Bold Basal media (Stein, 1980): 

Sl 

No. 

Stock  Stock solution ml/L (For culture 

media preparation)  

1. KH2PO4 8.75g/500ml 10ml 

2. CaCl2.2H2O 1.25g/500ml 10ml 

3. MgSO4.7H2O 3.75g/500ml 10ml 

4. NaNO3 12.5g/500ml (25g/L) 10ml 

5. K2HPO4 3.75g/500ml 10ml 

6. NaCl 1.25G/500ml 10ml 

7. Na2 EDTA. 2H2O 10g Per litre 1ml 

KOH 6.2g 

8. FeSO4.7H2O 4.98g Per litre 1ml 

H2SO4 1ml 

9. H3BO3 5.75g/500ml 0.7ml 

10. Trace metal solution 

H3BO3 2.86g Per litre 1ml 

MnCl2. 7H2O 1.81g 

ZnSO4. 7H2O 0.222g 

Na2MoO4. 2H2O 0.390g 

CuSO4. 5H2O 0.079g 

Co(NO3)2. 6H2O 0.049g 

11. Vitamin solution 

Thiamine, Vit B1 0.20g Per 100ml 0.5ml 

Cyanocobalamine 0.01g 
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3.3. Determination of Growth Curve: 

Data of the growth curves were determined prior to the start of mass culture to 

determine the data of pigments, and proximate composition. A total of 300 ml of 

culture volume was maintained in a sterile 500 ml borosilicate Erlenmeyer flask for 

each treatment with three replications. The culture was continued up to death phase. 

Gentle aeration was provided for 24 hrs which offered 4.53 ± 0.53 mg/L dissolved 

oxygen. Growth curve was determined on basis of cell density (cells/ml), optical 

density (absorbance), biomass (g/L) and chlorophyll (mg/m3). 

3.3.1. Determination of Cell Density: 

Microalgal cells were counted every day with a Hemacytometer throughout the 

growth curve experiment according to Lavens and Sorgeloos (1996). The 

hemacytometer and its cover slip (Bright- line improved Neubauer hemacytometer, 

0.0025 mm2, 0.1 mm deep chambers, Assistent, Germany) were cleaned using Milli-Q 

water (Millipore Corporation) prior to the fill up of the chambers with culture 

samples. Cells were counted for both chambers of the hemacytometer under an 

electronic microscope with 40x magnification; Lugol’s iodine was added to culture 

aliquots for fixation and staining to facilitate counting. The formula to calculate the 

cells is as the following: 

     Cell count calculation (cells/ml) for 25 squares =
Total number of cells counted

50×4
×106 

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

represented the volume of samples over the small square areas, that was equivalent to 

0.004 mm3 (0.2 mm x 0.2 mm x 0.1 mm), expressed in cm3 (ml). 

3.3.2. Determination of Optical Density: 

Daily absorbance change was measured using a NanoDrop Spectrophotometer 

(NanoPlus, WAVE ANALYTICS D-82362 Weilheim, Germany) at 600 nm 

wavelength where treatment wise culture media was used as blank.  

3.3.3. Determination of Biomass: 

Biomass was estimated through slight modification of procedure described by Ratha 

et al. (2016). After rinsing filter papers (47 mm Whatman® GF/C) with 10 ml 

distilled water and drying for 4 h at 100°C in a Hot Air Oven (LNO- 150, LABNICS 

Equipment, USA), subsequently 15-20 minutes desiccation, filter papers were 

weighed. Vacuum filtration was used to filter 1.0 ml microalgae sample from each 

culture through pre-weighed filter paper. The filter paper with biomass was then 
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rinsed three times with 10 mL distilled water before being oven-dried for another four 

hours at 100°C, followed by 15-20 minutes of desiccation. Further filter paper with 

biomass was weighed. The dry biomass concentration was then estimated by dividing 

the difference between the pre and post-filtration weights of the dried filter paper by 

the filtered volume. 

3.4. Specific Growth Rate and Cell Doubling Time Estimation: 

The Specific Growth Rate, μ (day-1) and cell doubling time of cultured microalgae 

was calculated according to Xu et al. (2016). 

SGR, μ (day-1) = ln (C2 -C1)/ (t2-t1) 

Where, 

C2 -C1 = Difference in cells/ ml between the end and beginning of the experiment; 

 t2-t1 = Time interval between final and initial days 

From the above equation, the cell doubling time of the culture was calculated as days 

required for duplication using the following formula: 

td (day) = 0.693/ SGR  

3.5. Productivity Estimation: 

For each treatment, volumetric (Green et al., 1995), areal (Ugwu et al., 2008), and 

lipid (Benemann and Tillett, 1987) productivities were estimated using dry biomass 

and percentage of lipid at the stationary phase of microalgae cultures. 

3.5.1. Volumetric Productivity: 

Volumetric productivity (VP) indicates the average daily productivity of a culture 

based on dry weight. Following equation was used to calculate the volumetric 

productivity: 

                        VP (gL -1 day -1) = (Xn – X0)/ N 

Where, Xn = Final biomass (gL-1), X0 = Initial Biomass (gL-1) and N = Culture days  

3.5.2. Areal Productivity: 

Areal productivity (AP) is the productivity of an area occupied by the microalgae. 

Following equation was used to calculate areal productivity: 

AP (g cm-2day-1) = (VP x V)/A 

Where, VP = Volumetric Productivity (g L -1 day -1), V = Total volume of the culture 

(L), A = surface area occupied ground (cm2).  
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3.5.3. Lipid Productivity: 

Lipid productivity (LP) is the amount of lipids produced by microalgae in a day 

during stationary phase. The lipid productivity was calculated using lipid content 

(Folch et al., 1957; Bligh and Dyer, 1959) and volumetric productivity at the 

stationary phase. Following equation was used to calculate the lipid productivity: 

LP (mg L-1 day-1) = VP x (% lipid / 100) 

Where, VP = Volumetric productivity of the culture, % lipid = Percentage of lipid 

content as dry weight basis. 

3.6. Determination of Pigments: 

Change in chlorophyll a, b (mg/L), carotenoid (mg/L) and phycobiliprotein (mg/g) of 

Scenedesmus sp. due to different nitrogen concentrations’ treatment was determined 

in this experiment. 

3.6.1. Determination of Chlorophyll a, b: 

3.6.1.1.  Microalgae Extraction: 

Microalgae sample was extracted according to Jenkins (1982) for chlorophyll 

determination. For extraction, at first 1 ml of 1% MgCO3 suspension was pipetted 

after shaking over placed filter (47 mm Ø Whatman® GF/C glass microfiber filter 

papers). Then vacuum was applied to remove liquid from the filter paper. 1 ml of 

microalgae sample from the culture had been transferred to the filter. After that the 

millipore filter was removed and trimmed away the edges which were not coated with 

residue. Then the filter paper was crumpled into cone shape and placed into 15 ml 

centrifuge tube making sure the middle of the filter was facing down. Adding 5 ml of 

90% acetone, the filter paper was submerged for 2 minutes and then grinded for 1 

minute by tissue homogenizer. Further, 5 ml of 90% acetone was added in that 

mixture and grinded for 30 seconds. Centrifuge tubes were wrapped with aluminum 

foil and refrigerated in the dark for 1 hour. Thereafter the acetone extracts were 

centrifuged at 2000 to 3000 rpm for 10 minutes. The clear supernatant was decanted 

into another 15 ml centrifuge tubes and centrifuged at low speed (300-500 rpm) for 5 

minutes. This acetone extract was ready for spectrophotometric measurement in order 

to determine chlorophyll.  

3.6.1.2. Determination of Chlorophyll a and b (Dichromatic method): 

The clean extract was measured absorbance at 750, 664, 647, and 630 nm 

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

subtracted from the other wavelengths’ absorbance. The concentrations of chlorophyll 
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a and b in the acetone extract were calculated by inserting the corrected optical 

densities in the following equations (Jeffrey and Humphrey, 1975): 

Ca (mg/L) = 11.85 (OD 664) - 1.54 (OD 647) - 0.08 (OD 630)  

Cb (mg/L) = 21.03 (OD 647) - 5.43 (OD664) - 2.66 (OD 630)  

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

OD 664, OD 647, and OD 630 = turbidity corrected optical densities (with a 1cm light 

path) at the respective wavelengths.  

After that, the amount of pigment per unit volume was calculated as follows: 

   Chlorophyll a, mg/m³ = (Ca × extract volume, L)/ volume of sample, m³ 

3.6.2. Determination of  Carotenoid: 

At the stationary phase of each culture 1.0 ml microalgae sample was centrifuged at 

1000 x g for 5 minutes to obtain pellet. Afterwards, the pellet was extracted with 3 ml 

2:1 of ethanol: hexane (v/v). Then the pellet with the solvent was shaken vigorously 

and centrifuged again at 1000 x g for 5 minutes. Thus, the hexane layer was separated 

and its absorbance was determined spectrophotometrically at the wavelength of 450 

nm. The amount of extracted carotenoids from the samples in micrograms was 

determined by multiplying the absorbance (A450) with 25.2 (Khatoon et al., 2020). 

3.6.3. Determination of  Phycobiliproteins: 

3.6.3.1. Phycobiliproteins Extraction: 

Scenedesmus sp. powder (40 mg) was soaked in 10 ml phosphate buffer solution (pH 

7.0; 0.1M), vortex mixed thoroughly, and stored at 4°C for 24 h. After centrifuging at 

6000 x g for 10 minutes, the supernatant was collected and absorbance was measured 

using a NanoDrop Spectrophotometer (NanoPlus, WAVE ANALYTICS D-82362 

Weilheim, Germany) at wavelengths of 562, 615, and 652 nm, with phosphate buffer 

as a blank (Siegelman and Kycia, 1978). 

3.6.3.2. Spectrophotometric Estimation of Phycobiliproteins: 

The amount of phycocyanin, phycoerythrin and allophycocyanin in the sample was 

determined using the extinction coefficients and the following formulae (Siegelman 

and Kycia, 1978): 

Phycocyanin (mg/ml) = {A615- (0.474 × A652)}/ 5.34 

Allophycocyanin (mg/ml) = {A652- (0.208 × A615)}/ 5.09 

Phycoerythrin (mg/ml) = {A562- (2.41 × PC) - (0.849 × APC)}/ 9.62 
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The following formulas were used to compute total phycocyanin, phycoerythrin, and 

allophycocyanin (mg/g) (Silveira et al., 2007): 

Phycobiliprotein (mg/g) = (Pigment concentration × V) / DB 

Here, V= Solvent volume, DB= Dried biomass 

The sum of the phycocyanin, phycoerythrin, and allophycocyanin contents in dried 

microalgae biomass was used to compute total phycobiliproteins (mg/g). 

3.7.  Determination of Proximate Composition: 

3.7.1. Protein Determination: 

Protein was determined by spectrophotometric method according to Lowry et al. 

(1951) with few alterations. Each sample contained 5.0 mg of oven-dried microalgae 

biomass, which was used to make a 25 ml well mixed (by tissue homogenizer) 

solution with distilled water. For each sample, 0.5 ml of the 25 ml solution was taken 

and 50 ml of Reactive 2 (20 g of Na2CO3 in 100 ml of 0.1N NaOH) and 1 ml of 

Reactive 1 (1 % NP tartrate) were combined with the microalgae solution. After that, 

0.5 ml of the mixture was mixed with 0.5 ml of 1N NaOH and maintained at 100°C 

for 5 minutes in a hot water bath. The samples were then chilled in a cold water bath 

before being added 2.5 ml of the produced mixed reagent and maintained for 10 

minutes. Following that, 0.5 ml of Folin reagent was added to the mixture and then 

kept in a dark place for 30 minutes. At a wavelength of 750 nm, the absorbance of the 

mixture was measured using a NanoDrop Spectrophotometer (NanoPlus, WAVE 

ANALYTICS D-82362 Weilheim, Germany). To create a calibration graph, a stock 

solution of 2000 µg/L of standard (albumin) was created, and a series of standards (20 

µg/L, 40 µg/L, 80 µg/L, 100 µg/L, and 200 µg/L) were made from the stock solution. 

For the standard series, the same procedures as for protein analysis were used; a 

calibration line was constructed according to absorbance, and the protein content of 

each sample was estimated appropriately. 

3.7.2. Lipid Determination: 

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

Each sample's aluminum dish was labeled and weighed as the starting weight. Then, 

with distilled water, 50 mg of each sample was placed in a centrifuge tube and diluted 

into a 5x volume. The material was then homogenized with 3 ml 2:1 methanol: 

chloroform (v/v) using a tissue homogenizer. After that, all of the tubes were 

centrifuged for 4 minutes at 1000 rpm at 4°C, and the supernatants were pipetted into 

clean tubes and placed in ice. Then 3ml (1:2) methanol: chloroform (v/v) was mixed 
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homogeneously with the sample once more. The tubes were then centrifuged again 

using the previously described method, and the supernatants were transferred to the 

prior tubes of supernatants. 1.5 ml of 0.9 % NaCl was vortex mixed into this 

combined supernatant, and the tubes were stored at 4°C for 1 h. The tubes were 

centrifuged at 1000 x g for 10 minutes at 4°C after 1 h. The top layer of methanol and 

chloroform was discarded, while the bottom layer was transferred to the aluminum 

dish that had been prepared previously. The solvent was then evaporated in a hot air 

oven at 40°C (LNO- 150, LABNICS Equipment, USA). The aluminum dishes were 

then weighed to get the final weight. Finally, the initial weight was subtracted from 

the final weight to get the lipid weight in the samples. Lipid content was calculated by 

the following formula:                                         

  Lipid (% dry weight) = lipid weight/sample weight 

3.7.3. Carbohydrate Determination:  

Carbohydrate was determined according to Dubois et al. (1956). A 5 mg oven-dried 

biomass sample was used to make a 25 ml well mixed (tissue homogenizer) solution 

with distilled water for each sample. After that, 1.0 ml of the 25 ml solution was taken 

for each sample, followed by 1ml of 5 % phenol solution and 5.0 ml of sulfuric acid. 

The samples were then placed in a cold water bath for a period of time. When the 

mixture become cool, absorbance of the solution was taken at 488 nm wavelength 

using NanoDrop Spectrophotometer (NanoPlus, WAVE ANALYTICS D-82362 

Weilheim, Germany) to estimate carbohydrate. To build a calibration graph, a 1000 

µg/L standard (glucose) stock solution was prepared, and then a series of standards at 

various dilutions (20 µg/L, 40 µg/L, 60 µg/L, 100 µg/L, and 140 µg/L) were made 

from the stock solution. For the standard series, the same procedures as for 

carbohydrate analysis were used; a standard graph was constructed based on the 

standard values obtained from the absorbance, and the carbohydrate content for each 

sample was calculated appropriately. 

3.8.  Fatty Acid Analysis: 

Fatty acids were determined by “Two steps transesterification (2TE)” method after 

slight modification according to Griffiths et al. (2010). At first, lipid was extracted by 

Digital Soxhlet Apparatus (FOOD ALYTRD40) after mixing 70 ml diethyl ether into 

500 mg microalgae powder. After extraction, solvent was removed at 60°C by Hot 

Air Oven. 1.5 ml methanolic NaOH was added into lipid extract and mixed at 80°C 

by sonicator for 5 minutes. After cooling at room temperature, 2.0 ml BF3 methanol 
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was added into the mixture and sonicated for 30 minutes at 80°C. After cooling tubes 

at room temperature, 1.0 ml isooctane and 5.0 ml saturated NaCl was mixed through 

well shaking. The fatty-acid methyl-esters (FAMEs) containing upper organic layer 

was transferred to a new tube and 1.0 ml sample was taken into vial for analysis of 

fatty acid methyl-esters by Gas Chromatography Mass Spectrophotometry (GC-

2020plus, SHIMADZU, Japan). A capillary column (length 30 m, internal diameter 

0.25 mm, film thickness 0.15 μm, phase ratio 250) was used to separate FAME. 

Helium was used as the carrier gas, with a flow rate of 1.42 ml/min. The temperature 

program for the column was as follows: 180° to 280°C at 5°C/min then held at 280°C. 

By comparing retention time to a standard, FAMEs were identified (FAME mix C8-

C24; Sigma- Aldrich; Germany). 

3.9.  Statistical Analysis: 

MS Excel was used to determine the mean of three replications, standard deviation 

and standard error. IBM SPSS (v. 26.0) was used for statistical analysis. Significant 

difference between the treatments in terms of growth parameters, productivity, 

pigments, and proximate composition was evaluated with One Way ANOVA. Duncan 

test was applied to determine the homogenous subsets (alpha = 0.05).  
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Chapter-4: Result 

In this study, highest concentration (37 g/L) of NaNO3 resulted maximum cell density 

(11.6×106 cells/ml), biomass productivity (0.58g/L), total chlorophyll, protein 

(23.58% dry weight) and carbohydrate (27.26% dry weight) significantly (p<0.05)  

compared to control and lower concentration. On the contrary, highest lipid (20.92% 

dry weight), specific growth rate (0.521±0.01day-1), monounsaturated fatty acids 

(28.53% of total fatty acids) and polyunsaturated fatty acids (67.37% of total fatty 

acids) were found in the lowest concentration of NaNO3 (13 g/L).  In case of 

carotenoid and total phycobiliprotein content, significantly (p<0.05) higher value of 

6.43 mg/L and 6.14 mg/g, respectively were produced in control (25 g/L NaNO3) 

compared to other concentration of NaNO3. Significantly (p<0.05) highest value of 

total saturated fatty acids was found (56.51% of total fatty acids) in 31 g/L 

concentration of NaNO3. 

4.1. Growth Curve Analysis: 

The effect of different nitrogen concentration on growth of Scenedesmus sp. has been 

shown clearly in Figure 3 based on the growth parameters cell density, optical 

density, biomass, chlorophyll a and b, which varied significantly (p<0.05) from day-1 

to day-12, whereas there were no significant difference in day-0 (p>0.05). Lag phase 

remained for day-0 and exponential phase continued from day-1 till stationary phases 

that varied significantly (p<0.05) among the treatments. In case of five treatments 

stationary phases were found on day-7, 8, 9, 10, 11 respectably in T1 (13g/L NaNO3), 

T2 (19g/L NaNO3), C (25g/L NaNO3), T3 (31g/L NaNO3), and T4 (37g/L NaNO3), 

according to all growth parameters. Figure 3(a) shows that the highest cell density 

1.16× 107 cells/ml was obtained under T4 and the lowest cell density 6.41× 106 

cells/ml was obtained under T1 at their stationary phase among all other treatments. 

On the other hand, C and T3 resulted significantly higher cell density consecutively 

9.34× 106 and 1.02× 107 cells/ml than T2 (7.08× 106 cells/ml). Initial cell density was 

around 1.65× 105cells/ml for all the treatments. 

In Figure 3(b), optical density had been shown in a gradual increment of absorbance 

0.585, 0.653, 0.714, 0.758 and 0.835 at the stationary phases in T1, T2, C, T3 and T4, 

respectively. Biomass has also varied significantly (p<0.05) according to nitrogen 

concentration [Figure 3(c)], where the highest amount of biomass (0.58 g/L) was 
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produced under T4 having highest nitrogen concentration (37 g/L NaNO3).  At the 

stationary phases, 0.33, 0.38, 0.44, and 0.52 g/L biomass were obtained consecutively 

from T1, T2, C and T3. So, there was positive relationship between nitrogen 

concentration and algal biomass of Scenedesmus sp. 
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Figure 3. (a) Cell density (cells/ml x 106), (b) optical density (Abs) and (c) biomass 

(g/L dry weight) of freshwater Scenedesmus sp. cultured in different nitrogen 

concentrations. Values are mean ±SE. 

4.2. Pigment Analysis: 

4.2.1. Chlorophyll a, b: 

Significant change in chlorophyll a and b (p<0.05) has also been shown in Figure 4 (a, 

b) in different treatments; moreover, values of chlorophyll a and b had significant 

strong correlation (R2= 0.97; p<0.05) between them. A regular increase in chlorophyll 

production was observed with increasing NaNO3 concentration among treatments due 

to continuous cell growth. Maximum chlorophyll a and b was found in 37g/L NaNO3 

(T4) treatment, whether minimum chlorophyll was produced in 13g/L NaNO3 (T1) 

treatment. Chlorophyll a values were sequentially 0.67, 0.72, 0.83, 0.91, and 1.10 

mg/L and chlorophyll b values were 0.25, 0.28, 0.33, 0.42, and 0.49 mg/L at the 

stationary phase of T1, T2, C, T3, and T4, respectively. Among these growth 

parameters, optical density (R2 = 0.95), biomass (R2 = 0.96), chlorophyll a (R2 = 

0.95), and chlorophyll b (R2 = 0.94), there have highly significant correlation (p<0.05) 

with cell density for all the treatments.   
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Figure 4. (a) Chlorophyll a content (mg/L) and (b) Chlorophyll b content (mg/L) of 

freshwater Scenedesmus sp. cultured in different treatments of nitrogen 

concentrations. Values are mean ±SE. 
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4.2.2. Carotenoid: 

Carotenoid content also varied significantly (p<0.05) where highest amount of 

carotenoid (6.43 mg/L) was produced under control treatment and then 4.96 mg/L 

carotenoid was produced under T4 (Figure 5). The lowest carotenoid content was 

obtained 3.81 mg/L under T2, the rest treatments T1 and T3 produced 4.75 and 4.71 

mg/L carotenoid. There is highly significant difference between C and T2 (p<0.05); 

on the other hand, no significant difference has been found between C and T4 even 

with T1 (p>0.05).  

 

  

 

 

 

 

 

Figure 5. Carotenoid content (mg/L) of freshwater Scenedesmus sp. cultured in 

different nitrogen concentrations. Values are mean ±SE. Different letters with the 

values indicate significant (p<0.05) differences among the treatments. 

4.2.3. Phycobiliprotiens: 

The mean values of phycobiliprotien, phycocyanin, phycoerythrin and 

alophycocyanin are significantly different (p<0.05) among all the treatments in Table 

2. Total phycobiliprotien was the highest 6.14 mg/g in control and the lowest 2.79 

mg/g in T4. Significantly higher amount of phycobiliprotien, 5.91 mg/g was produced 

in T1 than T3 (4.55 mg/g) and T2 (3.95 mg/g). But there is no significant difference 

between C and T1 (p>0.05) in case of total phycobiliprotien, phycocyanin and 

alophycocyanin. In T1, phycocyanin and alophycocyanin were in the highest amount 

such as 1.656 and 3.145 mg/g, but phycoerythrin was obtained in the highest amount 

1.82 mg/g in control. In T4, phycobiliprotien, phycocyanin, alophycocyanin and 
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phycoerythrin were produced in comparatively lower amount than other treatments. 

Although total phycobiliprotien is higher in C   than T1 and other treatments, only 

phycoerythrin is higher in C than T1 (1.108 mg/g) and on the other hand, phycocyanin 

(1.54 mg/g) and alophycocyanin (2.77 mg/g) are lower in C than T1.  Total 

phycobiliprotien, phycocyanin, phycoerythrin and alophycocyanin were higher in T3 

(4.554, 1.211, 0.84, and 2.503 mg/g, respectively) compared to T2 (3.947, 1.187, 

0.777, and 1.984 mg/g, respectively). 

 

Table 2: Phycocyanin, alophycocyanin, phycoerythrin and total phycobiliprotein 

content (mg/g) of freshwater microalgae Scenedesmus sp. cultured in different 

nitrogen concentrations. Values are mean ± SE. Different letters with the values 

indicate significant (p<0.05) differences among the treatments. 

 

 

Treatments Phycocyanin 

( mg/g) 

Alophycocyanin 

( mg/g) 

Phycoerythrin 

( mg/g) 

Total  

Phycobiliprotein 

( mg/g) 

     

T1 1.656 

±0.016d 

3.145 

±0.049c 

 

1.108 

± 0.079b 

 

5.909 

±0.014c 

 

T2 1.187 

±0.096b 

 

1.984 

±0.009a 

0.777 

±0.023ab 

3.947 

±0.081b 

C 1.544 

±0.055cd 

 

2.771 

±0.003bc 

1.82 

±0.149c 

6.136 

±0.201c 

T3 1.211 

±0.062bc 

2.503 

±0.097b 

0.84 

±0.067ab 

4.554 

±0.226b 

 

T4 0.681 

± 0.05a 

1.622 

± 0.122a 

0.492 

±0.055a 

2.795 

±0.227a 
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4.3. Productivity Assessment: 

Change in productivity, specific growth rate and cell doubling time of Scenedesmus 

sp. under different treatments has been shown in Table 3. Volumetric and areal 

productivity among the treatments are not significantly different (p>0.05), but the 

lipid productivity, SGR and cell doubling time are significantly different among the 

treatments (p<0.05). T3 and T4 resulted similar and highest volumetric productivity, 

where lowest (0.046 gL-1 day -1) volumetric productivity was obtained in T2. Areal 

productivity was the highest (5.41 mg cm-2day-1) in T4, and the lowest (4.6 mg cm-

2day-1) in T2 and 5.38, 5.07, 5.01 mg cm-2day-1 in T3, C, T1 respectively. Lipid 

productivity was highest 10.559 mg L-1 day-1 in very low nitrogen concentration (T1) 

and lowest 6.712 mg L-1day-1 in control. In treatment T4, T3, and T2, lipid 

productivity was higher (8.58, 7.96, 6.89 mg L-1 day-1) than treatment C. There was 

significant difference between C and T1 (p<0.05).   

Higher SGR values were obtained in T1 (0.521 day-1) than sequentially T2, C, T3, and 

T4 (0.469, 0.451, 0.411, 0.385 day-1, respectively). There were significant difference 

between C and T1, T3, T4 except T2 (p>0.05). Cell doubling time is higher in T4 (1.8 

day) than other treatments; apart from this there was no significant difference between 

C and T2 (P>0.05). There were medium negative correlation (R2= 0.12) between SGR 

and volumetric as well as areal productivity (p> 0.05).  
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Table 3. Change in productivity of Scenedesmus sp. cultured in different nitrogen 

concentrations. Values are mean ± SE. Different letters with the values indicate 

significant (p<0.05) differences among the treatments. 

 

4.4. Proximate Composition Analysis: 

Figure 6 represents the change of protein, lipid and carbohydrate content of 

freshwater microalgae Scenedesmus sp. for all the treatments T1, T2, C, T3 and T4. 

The highest protein and carbohydrate content (23.17 and 27.26 % dry weight, 

respectively) were produced in T4 and the highest lipid content (20.92% dry weight) 

was obtained in T1. There has highly significant difference in protein, lipid and 

carbohydrate of Scenedesmus sp. according to different nitrogen concentrations 

(p<0.05). Higher nitrogenous treatments resulted higher protein percentage. The 

protein content was 23.17, 22.47, 22.29, 21.96% and 19.66% dry weight sequentially 

in T4, T3, C, T2 and T1. Highest lipid percentage (20.92% dry weight) was obtained 

in T1, on the other side; lowest (13.27% dry weight) was in control treatment.  Lipid 

Parameters T1 T2 C T3 T4 

Volumetric 

Productivity 

(gL-1day -1) 

0.05 

±0.01a 

0.046 

±0.01a 

0.051 

±0.01a 

 

0.054 

±0.01a 

 

0.054 

±0.01a 

Areal Productivity 

(mgcm-2day-1) 

 

5.01 

±0.77a 

4.62 

±0.66a 

5.07 

±0.59a 

5.38 

±0.49a 

5.41 

±0.52a 

Lipid Productivity 

(mgL-1day-1) 

10.56 

±2.36b 

 

6.89 

±0.76a 

 

6.71 

±0.65a 

 

7.96 

±0.68ab 

 

8.58 

±0.89ab 

 

Specific Growth 

Rate, μ (day-1) 

0.52 

±0.01d 

 

0.47 

±0.01c 

 

0.45 

±0.01c 

 

0.41 

±0.01b 

 

0.39 

±0.01a 

 

Cell doubling time, 

td (day) 

1.33 

±0.03a 

 

1.48 

±0.01b 

 

1.54 

±0.05b 

 

1.69 

±0.03c 

 

1.80 

±0.03d 
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percentage was significantly higher (p<0.05) in T4 (15.87% dry weight) than T2 

(14.98% dry weight) and T3 (14.81% dry weight). In case of lipid production, there 

remains highly significant difference between C and T1 as well as have also 

significant difference between C and T4 (p<0.05). There is also significant difference 

between T1 and T4 (p<0.05), but no significant difference have been found between 

C and T2 as well as T3 (p>0.05).    

The amount of carbohydrate was produced 21.38% dry weight in C; whereas 27.26 

and 24.37% dry weight carbohydrate was produced in T4 and T3 where nitrogen 

concentration was higher in culture media. 17.48% and 22.70% dry weight 

carbohydrate were produced in T1 and T2 respectively. Carbohydrate was produced 

more under treatment successively T4, T3, T2 than C.  

 

            

Figure 6. Proximate composition (% dry weight) of freshwater Scenedesmus sp. 

cultured in different nitrogen concentrations. Values are mean ±SE. Different letters 

with the values indicate significant (p<0.05) differences among the treatments. 

4.5. Fatty Acid Analysis: 

The result of fatty acid methyl esters (FAMEs) composition analysis with GCMS is 

given in following Table 4. There were 21 compounds identified as fatty acid methyl 

esters consisting of 9 saturated fatty acids, 5 monounsaturated fatty acids and 7 poly 

unsaturated fatty acids.  
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Table 4: Fatty acids content (% of the total fatty acids) of Scenedesmus sp. 

cultured in different nitrogen concentrations. Values are mean ± SE. 

Carbon Fatty acid T1 T2 C T3 T4 

 

Saturated fatty acids 

C8:0 Octanoic acid 0.011± 0.01 0.08 ± 0.00 0.01± 0.01 0.018 ± 0.02 0.019 ± 0.01 

C10:0 Decanoic acid 0.008 ± 0.00 0.01 ± 0.01 0.002 ± 0.00 0.002 ± 0.00 0.002 ± 0.00 

C12:0 Lauric acid 0.18 ± 0.04 1.13 ± 0.2 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 

C13:0 Tridecanoic 

acid 

0.18 ± 0.04 0.87 ± 0.11 0.04 ± 0.01 0.16 ± 0.06 0.03 ± 0.01 

C14:0 Myristic acid 0.51 ± 0.08 0.01± 0.00 0.012 ± 0.01 0.06 ± 0.00 0.07 ± 0.01 

C16:0 Palmitic acid 3.04 ± 0.19 3.54 ± 0.8 8 ± 0.70 7.3 ± 0.27 7.2 ± 0.42 

C18:0 Stearic acid 1.91 ± 0.32 7.2 ± 10 4.72 ± 1.02 5.75 ± 0.08 5.4 ± 0.40 

C20:0 Arachidic acid 1.33 ± 0.30 5.7 ± 0.73 12.84 ± 1.22 11.96 ± 1.37 4.32 ± 0.25 

C17:0 Heptadeca-noic 

acid 

0.172 ± 0.03 

 

0.07 ± 0.02 

 

0.04 ± 0.02 

 

0.1 ± 0.01 

 

0.08 ± 0.00 

 

C21:0 Heneicosa-noic 

acid 

1.131 ± 0.07 

 

11 ± 1.00 21 ± 1.04 

 

31.14 ± 0.08 

 

25.58 ± 0.60 

 

C22:0 Behenic acid 0.22 ± 0.11 ----- 0.2 ± 0.10 0.1 ± 0.05 0.16 ± 0.01 

Monounsaturated fatty acids 

C16:1 Palmitoleic 

acid 

1.68 ± 0.07 

 

7.68 ± 0.20 

 

18.78 ± 0.63 

 

13.27± 0.5 18.32 ± 0.78 

 

C18:1 Oleic acid 2.1 ± 0.80 1.32 ± 0.30 0.16 ± 0.06 2 ± 0.40 0.014 ± 0.00 

C20:1 cis-11-

Eicosenoic 

acid 

0.28 ± 0.01 

 

0.11± 0.2 0.014 ± 0.00 

 

0.01± 0.02 

 

0.016 ± 0.01 

 

C22:1 Erucic acid 24.48 ± 2.06 

 

0.134 ± 0.01 3.34 ± 0.44 4.82 ± 0.21 

 

7.63 ± 0.70 

 

C24:1 Nervonic acid 0.002 ± 0.00 0.02 ± 0.01 0.01 ± 0.00 0.013 ± 0.0 0.004 ± 0.00 

Polyunsaturated fatty acids 

C18:2n-6 Linoleic acid 62.23 ± 0.09 54.81±2.70 15.91± 0.94 13.87± 0.004 18.13 ± 0.84 

C20:3n-6 Eicosatrienoic 

acid 

1.54 ± 0.104 

 

0.024 ±0.02 

 

2.41± 0.11 

 

1.16 ± 0.64 

 

2.05 ± 0.19 

 

C20:4n-6 Arachidonic 

acid 

0.04 ± 0.02 0.2 ± 0.07 0.08 ± 0.04 0.044 ±0.001 0.62 ± 0.13 

C18:3n-3 Linolenic acid 1.4 ± 0.37 5.52 ± 0.42 8.81± 0.55 7.49 ± 0.03 6.3 ± 0.01 

C20:5n-3 Eicosapenta- 1.45 ± 0.00 0.37 ± 0.02 3.6 ± 0.65 3 ± 0.34 3.89 ± 0.17 
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noic acid      

C22:5n-3 Docosa-

pentaenoic 

acid 

0.007 ± 0.00 

 

0.28 ± 0.06 

 

0.09 ±0.005 

 

0.045 ± 0.02 

 

0.094 ± 0.03 

 

C22:6n-3 Docosa- 

hexaenoic acid 

0.69 ± 0.13 

 

0.06 ± 0.01 

 

----- ----- ----- 

 

Figure 7 shows that poly unsaturated fatty acids (PUFAs) percentage and n-6 fatty 

acids percentage were highest in T1 as 67.37 ± 0.72% and 63.81 ± 0.21% of total fatty 

acids, followed by T2 which were 61.27 ± 3.29% and 55.03 ± 2.78% of total fatty 

acids respectively. The lowest PUFAs and n-6 fatty acids percentage were found 

under T3, but T4 resulted comparatively higher than C.  

Highly unsaturated fatty acids (HUFAs) were highest (6.67 ± 0.52% of total fatty 

acids) in T4 and lowest (0.94 ± 0.18% of total fatty acids) in T2. There was 

significant difference among the treatments for n-3 fatty acids (p<0.05) which was 

highest 12.5 ± 1.2% of total fatty acids in control treatment, on the other side, lowest 

3.6 ± 0.5% of total fatty acids in T1. Mono unsaturated fatty acids (MUFAs) were 

maximum 28.53 ± 2.94% of total fatty acids under T1, whereas minimum 9.27 ± 

0.54% of total fatty acids under T2. In T4 (26 ± 1.45% of total fatty acids), MUFAs 

percentage was comparatively higher than C (22.31 ± 1.14% of total fatty acids) and 

T3 (20.1 ± 1.19% of total fatty acids). The highest value of total saturated fatty acids 

(SAFA) was found 56.51 ± 1.92% of total fatty acids in T3; contrarily lowest 

concentration was 8.68 ± 1.19% of total fatty acids in T1.  
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Figure 7. Fatty acids’ composition (% total fatty acids) of freshwater Scenedesmus sp. 

cultured in different nitrogen concentrations. Values are mean ±SE. Different letters 

with the values indicate significant (p<0.05) differences among the treatments. 

*{SAFA- Saturated Fatty Acids, MUFA- Mono Unsaturated Fatty Acids, PUFA- Poly 

Unsaturated Fatty Acids, HUFA- Highly Unsaturated Fatty Acids, n3- Omega 3 Fatty 

Acids, n6- Omega 6 Fatty Acids.} 
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Chapter- 5: Discussion 

5.1. Microalgal Cell Growth: 

Different NaNO3 concentrations in the Bold Basal Media had a significant effect on 

microalgae growth, biochemical properties as well as culture duration. Nitrogen’s 

effect on the growth of Scenedesmus sp. has been shown clearly in Figure 3 and 

Figure 4 based on growth parameters such as cell density, optical density, biomass, 

chlorophyll a and b. In case of five treatments such as 13 g/L NaNO3 (T1), 19 g/L 

NaNO3 (T2), 25 g/L (control), 31 g/L NaNO3 (T3), and 37 g/L NaNO3 (T4), stationary 

phases were found on day-7,8,9,10, 11, respectively according to all growth 

parameters.  

Figure 3a showed that the significantly (p<0.05) highest cell density 1.16× 107 

cells/ml was obtained under T4 among all other treatments and the lowest cell density 

6.41× 106 cells/ml was obtained under T1 at their stationary phase. Zarrinmehr et al. 

(2020) reported that minimum and maximum cell concentration of Isochrysis galbana 

were achieved in 36 and 144 mg/L NaNO3 respectively in Walne’s medium. 

Scenedesmus obliquus growth was promoted by daily addition of 2 mg N L-1 of 

CH4N2O in M-11 culture medium yielded the highest cell density 1.7×107 cells mL-1 

after 20th day of culture period (An et al., 2020).  It can be justified as higher nitrogen 

concentration promotes the algal biomass production, but lower nitrogen 

concentration has remarkable effect on retarding microalgae growth (Li et al., 2013; 

Zarrinmehr et al., 2020). 

A regular change in optical density over the cultivation period till stationary phases 

for all the treatments has been shown in Figure 3b, where minimum 0.585 ± 0.001 

absorbance was observed in T1 and maximum 0.835 ± 0.001 absorbance in T4 on 

stationary phases day-7 and day-11 respectively. Biomass had also varied 

significantly (p<0.05) according to the nitrogen concentration (Figure 3c). The lowest 

(0.33 ± 0.003 g/L) biomass was produced in T1 on day-7 and highest (0.58 ± 0.004 

g/L) in T4 on day-11. So, increasing concentration of NaNO3 had positive effect on 

increasing cell growth. Similar to this result, Yang et al. (2008) reported that biomass 

production in Chlamydomonas reinhardtii was subdued up to 31.7% under nitrogen 
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deficiency. Nitrogen limited conditions of microalgae culture has led to a significant 

decrease in the cell density, biomass productivity and chlorophyll synthesis (Dean et 

al., 2010; Nigam et al., 2011).  

5.2. Pigments: 

5.2.1. Chlorophyll a, b:  

A gradual rise was observed in chlorophyll production from the lower nitrogenous 

treatment to the higher nitrogenous treatment due to continuous increment of cell 

density in Figure 4 (a, b). Chlorophyll a values were amplified successively 0.66 ± 

0.009 to 1.1 ± 0.005 mg/L and chlorophyll b values were 0.24 ± 0.003 to 0.49 ± 0.001 

mg/L from minimum to maximum nitrogenous treatment. Zarrinmehr et al. (2020) 

also found that chlorophyll a and chlorophyll b reduced with diminishing nitrogen 

concentration from 144 to 0 mg/L in Isochrysis galbana. According to Xie et al. 

(2017), decreasing nitrogen concentration (3 mmol/L from 5mmol/L NaNO3) was a 

restriction factor for Cholrella vulgaris growth and chlorophyll production. Zhang 

and Liu (2016) observed that total chlorophyll content in I. galbana decreased from 

5.9 to 3.9 mg/L under nitrogen deprivation (32 g/L to 12 g/L NaNO3). Nitrogen 

starvation lessens efficiency of photo system II activity and hampers the 

photosynthetic pigment synthesis as a restriction factor (Ferreira et al., 2015; Zhang 

and Liu, 2016).  

5.2.2. Carotenoid: 

The highest amount of carotenoid was produced in control treatment and lowest 

carotenoid content was obtained in T2. 4.75 ± 0.4 mg/L carotenoid was produced 

under the least nitrogen concentration 13 g/L NaNO3 which is considerably higher 

amount as nitrogen limitation influences carotenoid production in the cell (Juneja et 

al., 2013). Similar to the result of recent study, Zarrinmehr et al., (2020) also found 

that the minimum and maximum total carotenoid content were achieved in 36 and 72 

mg/L nitrogen, as 1 and 1.21 mg/L, respectively; furthermore, lower carotenoid 

concentration 0.9 mg/L was obtained in 144 mg/L nitrogen. Change in nitrogen 

concentration from standard concentration of Bold Basal Media may cause stress on 

cell metabolism which interferes on carotenoid accumulation (Juneja et al., 2013). On 

the contrary, Menegol et al. (2017) reported that 1.5-fold higher carotenoid content of 

the biomass (2.47 mg g-1) was resulted in Heterochlorella luteoviridis culture with the 

highest nitrogen concentration (60 mgL-1 N-NO3) than standard medium (12 mgL-1 N-

NO3). As Heterochlorella luteoviridis was cultured in photobioreactor at 28°C in f/2 
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medium, but freshwater Scenedesmus sp. was cultured at 25°C in Bold Basal medium. 

So, this difference in culture condition may affect the carotenoid production in 

microalgae. 

5.2.3. Phycobiliproteins: 

Total phycobiliprotein was significantly (p<0.05) higher in control treatment and the 

lowest in T4 (Table 2). Almost similar amount of phycobiliprotein was recorded in T1 

and C which is contradictory with nitrogen deficiency led to the decline of 

photosynthetic performance by reducing production of photosynthetic pigments such 

as chlorophyll and phycobiliproteins (Zhao et al., 2017). As phycobiliprotein is an 

accessory pigment for light harvesting in photosynthesis, lower chlorophyll 

production and photosynthetic activity tends to increase in phycobiliprotein in T1 

compared to standard nitrogen concentration. Phycocyanin and alophycocyanin were 

highest in T1, but highest amount of phycoerythrin was obtained in control treatment. 

Shifting nitrogen concentration from standard concentration may interfere in 

enzymatic activity of pigment production and photosynthesis (Juneja et al., 2013). 

 5.3. Productivity: 

Volumetric and areal productivity among the treatments are not significantly different 

(p>0.05), but the lipid productivity, SGR and cell doubling time have significant 

difference among the treatments (p<0.05) (Table 3). Volumetric and areal 

productivity were highest in high nitrogen concentration T4. The findings of the 

current result was supported by Zhu et al. (2014) who demonstrated that maximum 

biomass productivity was obtained in higher nitrogen concentration. Lipid 

productivity was highest in very low nitrogen concentration (T1) and lowest in 

control.  

Nitrogen stress has positive response in case of lipid production, as change in standard 

nitrogen concentration may cause hectic culture environment that result in higher lipid 

production rate. Compared to adequate nitrogenous medium, two fold lipids were 

produced in nitrogen deficient culture conditions (Pruvost et al., 2011; Jia et al., 

2015). Maximum specific growth rate was obtained in least nitrogen concentration, 

T1 and minimum in highest nitrogen concentration, T4. Cell doubling time was 

reduced in lower nitrogen concentration and increased with the higher nitrogen 

concentration. Table 2 shows positive relation between specific growth rate and cell 
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doubling time as lower cell doubling time aided in higher specific growth rate. Like 

the present result, Kendırlıoglu et al. (2015); Saha et al. (2013) stated that cell growth 

rate was greater in cultures subjected to lower nitrogen concentration. 

5.4. Proximate Composition: 

Figure 6 presents the effect of gradient concentration of nitrogen on the protein, lipid 

and carbohydrate content of Scenedesmus sp. There was highly significant difference 

in protein, lipid and carbohydrate content of Scenedesmus sp. according to nitrogen 

stress (p<0.05). Gradual increment of protein production was found from lower 

nitrogenous treatment to higher nitrogenous treatment. Maximum protein content 

23.58 ± 0.31 % dry weight was produced under T4 and minimum 18.53 ± 0.16 % dry 

weight was produced under T1. Compared to the control treatment, lipid percentage 

was significantly higher in nitrogen stress treatments (T1, T4, T2 and T3) as alteration 

of nitrogen concentration from standard concentration creates stress condition (Chu et 

al., 2013). 

Protein percentage increased gradually according to increment of nitrogen 

concentration as nitrogen is a major component for the biosynthesis of nitrogenous 

organic compounds like protein, chlorophyll and nucleic acids (Saha et al., 2003; 

Simionato et al., 2013). Menegol et al. (2017) attained 45% higher protein content 

(138 mg g-1) in Heterochlorella luteoviridis cultivated with 60 mg L-1 N-NO3 nitrogen 

concentration than 12 mg L-1 N-NO3. Jia et al. (2015) reported that two fold lipid was 

produced by nitrogen deficient culture condition than nitrogen sufficient medium.  

As storage products lipid and carbohydrate accumulation in microalgae is caused by 

nitrogen starvation, which is also accompanied by degradation of cellular nitrogenous 

compounds, such as nucleic acid, proteins, and photosynthetic pigments, Ch‐a, Ch‐b, 

and carotenoids (Pruvost et al., 2011). Due to lack of sufficient nitrogen concentration 

in microalgae culture, most of the carbon fixed in photosynthesis is used in the lipid 

synthesis instead of protein. This change in lipid metabolic pathway influences the 

accumulation of neutral lipid including triacylglycerides (TAGs) in the cytoplasm of 

microalgae as a source of carbon and energy (Yang et al., 2008; Li et al., 2012; Chu et 

al., 2013). 

The highest 27.26 ± 1.31% dry weight carbohydrate was produced under T4 and 

lowest 17.48 ± 1.44 % dry weight in T1. More carbohydrate was produced under 

cultivation with higher nitrogen concentration and gradual decrease was found in 
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lower nitrogen concentration except T2. A previous study also found equivalent 

outcome with this present study that is lower carbohydrate yield (18.75 ± 0.59%) in 

Tetradesmus obliquus was obtained after 14 days at nitrogen stress condition, 

compared to the control (22.04 ± 0.61%). Nitrogen stress condition induced the 

accumulation of carbohydrate at early stage but started to reduce on day 4 when the 

carbon shifted towards lipid production (Nadzir et al., 2021). Li et al. (2011) stated 

that, after 2 days of nitrogen stress condition, the photosynthetically assimilated 

carbon flux of Pseudochlorococcum sp. was turned into fatty acid and neutral lipid 

synthesis in lieu of carbohydrate synthesis. 

5.5. Fatty Acid Composition: 

The lowest PUFAs and n-6 fatty acids percentage were found under T3, but T4 

resulted comparatively higher than control treatment. Highly unsaturated fatty acids 

(HUFAs) were highest in T4 and lowest in T2. There was significant difference 

among the treatments for n-3 fatty acids (p<0.05) which was highest in control 

treatment, on the other side, lowest in T1. Mono unsaturated fatty acids (MUFAs) 

were maximum in T1, whereas minimum in T2. The highest value of total saturated 

fatty acids (SAFA) was found in T3; contrarily lowest concentration was in T1. 

Higher nitrogen concentration compared to standard concentration increased 

production of saturated fatty acids which are potential for biofuel production. 

In support of the present study, Kudahettige et al. (2018) also found that the relative 

percentage of unsaturated fatty acids were higher in S. dimorphus than saturated fatty 

acids in the culture media of lowest nitrogen content. Cheng and He (2014) reported 

that microalgae growing under nutrient stress conditions could change its metabolic 

strategies and biochemical composition. Zarrinmehr et al., (2020); Shen et al., (2016) 

support the results of this study regarding increasing of C18:1 as well as decreasing of 

C18:3 amount under nitrogen deficiency. Poly unsaturated fatty acids PUFA content 

of I. galbana decreased into 41.48% of total fatty acids  in sufficient nutrient 

concentration (Foo et al., 2017). Microalgae growing under nutrient stress conditions 

could change its metabolic strategies and biochemical composition (Juneja et al., 

2013).  
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Chapter-6: Conclusions 

In this experiment, the response of Scenedesmus sp. under different nitrogen 

concentration was evaluated compared to standard nitrogen concentration of Bold 

Basal Media on the basis of cell growth, photosynthetic pigment chlorophyll and 

phycobilliprotein, carotenoid, proximate composition and fatty acid composition.  

Higher nitrogen concentration had greater impact on increment of biomass 

productivity, photosynthetic chlorophyll concentration, protein and carbohydrate 

percentage, 37 g/L NaNO3 concentration resulted in highest value. Although lower 

nitrogen concentration had significant effect on enhancing lipid, monounsaturated and 

polyunsaturated fatty acid percentage, as 13 g/L NaNO3 caused in highest value. The 

results of this study will be helpful to boost the production and improve the 

nutraceuticals as well as pharmaceutical attributes of the freshwater microalgae 

Scenedesmus sp. through mass cultivation with appropriate nitrogen concentration. 

Fish farm, microalgae cultivator, fish hatchery, fish feed industry, pharmaceutical 

industry, and microalgae researchers will be benefited from this dataset. Based on this 

dataset, it is possible to improve the nutritional profile of the fish diet formulated by 

Scenedesmus sp. and explore the antimicrobial properties to develop drug. Therefore, 

it can be concluded that this result will enrich the potentiality of Scenedesmus sp. in 

aquaculture industry, biofuel production worldwide and pave the way for future 

research as well. 
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Chapter- 7: Recommendation and Future perspectives 

The purpose of this study was to observe the effect of different nitrogen concentration 

on cell growth, photosynthetic pigment chlorophyll and phycobilliprotein, carotenoid, 

proximate composition and fatty acid composition of Scenedesmus sp. Although a 

qualitative approach was followed to explore the objective of the research, there some 

limitation which can be alleviated through following recommendations: 

 Preparation of amino acids’ profile. 

 Specification of Scenedesmus sp. by molecular identification before and after 

culture to detect the molecular change in the species. 

 Trial of outdoor culture to assess the potentiality of commercial mass culture. 

 Determination of nitrogen uptake rate to show a relation with proximate and 

biochemical composition, which also will help to optimize the nitrogen 

concentration. 

 Assessment of antioxidant properties of microalgae under different treatments. 

However, future perspective of this study may include the followings:   

 Detection of antioxidants and antibacterial properties of Scenedesmus sp. cultured 

under different nitrogen concentrations as biochemical properties are changed 

significantly known from this research. 

 Mass culture of Scenedesmus sp. for nutritious product development for fish, 

animal and human being. 

 Feeding trial over fish through zooplankton fed by Scenedesmus sp. cultured with 

optimized nitrogen concentration. 

 Assessment of cost effectiveness for commercial culture practice of Scenedesmus 

sp. and fish culture. 
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Appendices 

 

Appendix A:  Media Preparation and Stock Culture of Pure Scenedesmus sp.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B: Experiment set up for Growth Curve Analysis 
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Appendix C: Measurement of Cell Density, Optical Density and Dry Biomass 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D: Extraction of Chlorophyll  

 

 

 

 

 

 

 

 

Appendix E: Microalgae Seed Inoculation and Mass Culture 
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Appendix F: Extraction for Carotenoid and Phycobiliprotein Estimation 

 

 

 

 

 

 

 

 

 

Appendix F: Proximate Composition Analysis 

 

 

 

 

 

 

 

 

 

 

 

Appendix G: Fatty Acid Analysis 
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Appendix I: One-way Analysis of Variance Examining Cell Density of 

Scenedesmus sp. in Five Treatments 

 

ANOVA 

 Sum of Squares df Mean Square F Sig

. 

Cell_Day_0 Between 

Groups 

90000000.000 4 22500000.000 .175 .94 

Within 

Groups 

1283333333.33 10 128333333.333   

Total 1373333333.33 14    

Cell_Day_1 Between 

Groups 

84743333333.3 4 21185833333.33 84.743 .00 

Within 

Groups 

2500000000.00 10 250000000.000   

Total 87243333333.3 14    

Cell_Day_2 Between 

Groups 

821106666666.6 4 205276666666.6 179.020 .00 

Within 

Groups 

11466666666.66 10 1146666666.667   

Total 832573333333.3 14    

Cell_Day_3 Between 

Groups 

2222760000000 4 555690000000.0 2525.86 .00 

Within 

Groups 

2200000000.000 10 220000000.000   

Total 222496000000.0 14    

Cell_Day_4 Between 

Groups 

472997333333.3 4 118249333333.3 8446.38 .00 

Within 

Groups 

1400000000.000 10 140000000.000   

Total 4731373333333 14    

Cell_Day_5 Between 

Groups 

9715399999999.

996 

4 2428849999999.

999 

6175.04

2 

.00 

Within 

Groups 

3933333333.333 10 393333333.333   

Total 9719333333333 14    

Cell_Day_6 Between 

Groups 

5302973333333 4 1325743333333 43.783 .00 

Within 

Groups 

302800000000.0 10 30280000000.00   

Total 5605773333333 14    
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Cell_Day_7 Between 

Groups 

2405869333333 4 6014673333333 218.398 .00 

Within 

Groups 

275400000000.0 10 27540000000.00   

Total 2433409333333 14    

Cell_Day_8 Between 

Groups 

3888533333333 4 9721333333333 1350.18 .00 

Within 

Groups 

72000000000.00 10 7200000000.000   

Total 3895733333333 14    

Cell_Day_9 Between 

Groups 

7669503999999 4 1917375999999 867.591 .00 

Within 

Groups 

221000000000.0 10 22100000000.00   

Total 7691603999999 14    

Cell_Day_10 Between 

Groups 

9539497333333 4 2384874333333 1368.52 .00 

Within 

Groups 

174266666666.6 10 17426666666.66   

Total 9556924000000 14    

Cell_Day_11 Between 

Groups 

2041862266666 4 5104655666666 1043.8 .00 

Within 

Groups 

48933333333.33 10 4893333333.333   

Total 2042351600000 14    

Cell_Day_12 Between 

Groups 

1450078933333 4 3625197333333 9355.3 .00 

Within 

Groups 

38750000000.00 10 3875000000.000   

Total 1450466433333 14    

 

 

Appendix J: One-way Analysis of Variance Examining Optical Density of 

Scenedesmus sp. in Five Treatments 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

OD_Day_0 Between 

Groups 

.000 4 .000 .875 .512 

Within .000 10 .000   
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Groups 

Total .000 14    

OD_Day_1 Between 

Groups 

.000 4 .000 4.290 .028 

Within 

Groups 

.000 10 .000   

Total .000 14    

OD_Day_2 Between 

Groups 

.002 4 .000 10.255 .001 

Within 

Groups 

.000 10 .000   

Total .002 14    

OD_Day_3 Between 

Groups 

.004 4 .001 248.348 .000 

Within 

Groups 

.000 10 .000   

Total .004 14    

OD_Day_4 Between 

Groups 

.054 4 .014 4852.226 .000 

Within 

Groups 

.000 10 .000   

Total .054 14    

OD_Day_5 Between 

Groups 

.041 4 .010 2186.050 .000 

Within 

Groups 

.000 10 .000   

Total .041 14    

OD_Day_6 Between 

Groups 

.023 4 .006 2110.938 .000 

Within 

Groups 

.000 10 .000   

Total .023 14    

OD_Day_7 Between 

Groups 

.014 4 .003 1496.171 .000 

Within 

Groups 

.000 10 .000   

Total .014 14    

OD_Day_8 Between 

Groups 

.135 4 .034 10807.62 .000 

Within 

Groups 

.000 10 .000   

Total .135 14    
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OD_Day_9 Between 

Groups 

.183 4 .046 12274.17 .000 

Within 

Groups 

.000 10 .000   

Total .183 14    

OD_Day_10 Between 

Groups 

.115 4 .029 1815.332 .000 

Within 

Groups 

.000 10 .000   

Total .115 14    

OD_Day_11 Between 

Groups 

.061 4 .015 1770.434 .000 

Within 

Groups 

.000 10 .000   

Total .061 14    

OD_Day_12 Between 

Groups 

.038 4 .010 1669.547 .000 

Within 

Groups 

.000 10 .000   

Total .038 14    

 

 

Appendix K: One-way Analysis of Variance Examining Biomass of Scenedesmus 

sp. in Five Treatments 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

B_Day_0 Between 

Groups 

.003 4 .001 .200 .933 

Within 

Groups 

.033 10 .003   

Total .036 14    

B_Day_1 Between 

Groups 

.000 4 .000 12.349 .001 

Within 

Groups 

.000 10 .000   

Total .000 14    

B_Day_2 Between 

Groups 

.002 4 .001 42.369 .000 

Within .000 10 .000   
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Groups 

Total .002 14    

B_Day_3 Between 

Groups 

.031 4 .008 157.43 .000 

Within 

Groups 

.000 10 .000   

Total .032 14    

B_Day_4 Between 

Groups 

.053 4 .013 266.87 .000 

Within 

Groups 

.000 10 .000   

Total .053 14    

B_Day_5 Between 

Groups 

.095 4 .024 115.66 .000 

Within 

Groups 

.002 10 .000   

Total .097 14    

B_Day_6 Between 

Groups 

.041 4 .010 142.41 .000 

Within 

Groups 

.001 10 .000   

Total .042 14    

B_Day_7 Between 

Groups 

.034 4 .008 196.36 .000 

Within 

Groups 

.000 10 .000   

Total .034 14    

B_Day_8 Between 

Groups 

.062 4 .016 680.65 .000 

Within 

Groups 

.000 10 .000   

Total .062 14    

B_Day_9 Between 

Groups 

.155 4 .039 796.91 .000 

Within 

Groups 

.000 10 .000   

Total .156 14    

B_Day_10 Between 

Groups 

.373 4 .093 2070.9 .000 

Within 

Groups 

.000 10 .000   

Total .373 14    
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Appendix L: One-way Analysis of Variance Examining Chlorophyll a of 

Scenedesmus sp. in Five Treatments 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Ca_Day_0 Between 

Groups 

8.487 4 2.122 .018 .999 

Within 

Groups 

1151.713 10 115.171   

Total 1160.200 14    

Ca_Day_1 Between 

Groups 

1349.916 4 337.479 8.719 .003 

Within 

Groups 

387.073 10 38.707   

Total 1736.989 14    

Ca_Day_2 Between 

Groups 

13891.611 4 3472.90 113.34 .000 

Within 

Groups 

306.413 10 30.641   

Total 14198.024 14    

Ca_Day_3 Between 

Groups 

30519.796 4 7629.94 116.24 .000 

Within 

Groups 

656.393 10 65.639   

Total 31176.189 14    

Ca_Day_4 Between 

Groups 

30461.637 4 7615.40 162.17 .000 

Within 

Groups 

469.580 10 46.958   

Total 30931.217 14    

B_Day_11 Between 

Groups 

.507 4 .127 1729.9 .000 

Within 

Groups 

.001 10 .000   

Total .508 14    

B_Day_12 Between 

Groups 

.453 4 .113 4390.3 .000 

Within 

Groups 

.000 10 .000   

Total .453 14    
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Ca_Day_5 Between 

Groups 

2631.591 4 657.898 13.017 .001 

Within 

Groups 

505.407 10 50.541   

Total 3136.997 14    

Ca_Day_6 Between 

Groups 

21970.583 4 5492.64 80.800 .000 

Within 

Groups 

679.787 10 67.979   

Total 22650.369 14    

Ca_Day_7 Between 

Groups 

16806.597 4 4201.64 42.357 .000 

Within 

Groups 

991.967 10 99.197   

Total 17798.564 14    

Ca_Day_8 Between 

Groups 

272497.68 4 68124.4 938.01 .000 

Within 

Groups 

726.260 10 72.626   

Total 273223.94 14    

Ca_Day_9 Between 

Groups 

715927.63 4 178981. 5519.3 .000 

Within 

Groups 

324.280 10 32.428   

Total 716251.91 14    

Ca_Day_10 Between 

Groups 

1287791.1 4 32197.1 5712.1 .000 

Within 

Groups 

563.633 10 56.363   

Total 1288354.7 14    

Ca_Day_11 Between 

Groups 

1903284.3 4 47582.1 6236.3 .000 

Within 

Groups 

762.980 10 76.298   

Total 1904047.3 14    

Ca_Day_12 Between 

Groups 

1321194.8 4 330298 4990.5 .000 

Within 

Groups 

661.853 10 66.185   

Total 1321856.6 14    
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Appendix M: One-way Analysis of Variance Examining Chlorophyll b of 

Scenedesmus sp. in Five Treatments 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Cb_Day_0 Between 

Groups 

28.509 4 7.127 .237 .911 

Within 

Groups 

300.327 10 30.033   

Total 328.836 14    

Cb_Day_1 Between 

Groups 

1313.771 4 328.44 15.875 .000 

Within 

Groups 

206.887 10 20.689   

Total 1520.657 14    

Cb_Day_2 Between 

Groups 

1405.980 4 351.495 20.990 .000 

Within 

Groups 

167.460 10 16.746   

Total 1573.440 14    

Cb_Day_3 Between 

Groups 

3200.543 4 800.136 49.223 .000 

Within 

Groups 

162.553 10 16.255   

Total 3363.096 14    

Cb_Day_4 Between 

Groups 

3612.443 4 903.111 58.148 .000 

Within 

Groups 

155.313 10 15.531   

Total 3767.756 14    

Cb_Day_5 Between 

Groups 

5921.276 4 1480.31

9 

175.574 .000 

Within 

Groups 

84.313 10 8.431   

Total 6005.589 14    

Cb_Day_6 Between 

Groups 

4431.651 4 1107.91

3 

68.412 .000 

Within 

Groups 

161.947 10 16.195   

Total 4593.597 14    

Cb_Day_7 Between 1549.760 4 387.440 32.030 .000 
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Groups 

Within 

Groups 

120.960 10 12.096   

Total 1670.720 14    

Cb_Day_8 Between 

Groups 

11442.553 4 2860.63 290.008 .000 

Within 

Groups 

98.640 10 9.864   

Total 11541.193 14    

Cb_Day_9 Between 

Groups 

76575.543 4 19143.8 1305.79 .000 

Within 

Groups 

146.607 10 14.661   

Total 76722.149 14    

Cb_Day_10 Between 

Groups 

238299.451 4 59574.8 4686.26 .000 

Within 

Groups 

127.127 10 12.713   

Total 238426.577 14    

Cb_Day_11 Between 

Groups 

388363.007 4 97090.7 6964.57 .000 

Within 

Groups 

139.407 10 13.941   

Total 388502.413 14    

Cb_Day_12 Between 

Groups 

215569.897 4 53892.4 9579.18 .000 

Within 

Groups 

56.260 10 5.626   

Total 215626.157 14    

 

Appendix N: Regression Analysis between Cell Density and Optical Density 

Model Summaryb 

Model R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .977a .954 .951 .021454 

a. Predictors: (Constant), Cell Density 

b. Dependent Variable: Optical Density 
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ANOVAa 

Model Sum of 

Squares 

df Mean Square F Sig. 

1 Regression .125 1 .125 270.786 .000b 

Residual .006 13 .000   

Total .131 14    

a. Dependent Variable: Optical Density 

b. Predictors: (Constant), Cell Density 

 

Appendix O: Regression Analysis between Cell Density and Biomass 

 

Model Summary 

Model R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .979a .958 .955 .019975 

a. Predictors: (Constant), Cell Density 

 

ANOVAa 

Model Sum of 

Squares 

df Mean Square F Sig. 

1 Regression .119 1 .119 298.521 .000b 

Residual .005 13 .000   

Total .124 14    

a. Dependent Variable: Biomass 

b. Predictors: (Constant), Cell Density 

 

Appendix P: Regression Analysis between Cell Density and Chlorophyll a 

 

Model Summary 

Model R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .973a .947 .943 38.2256 

a. Predictors: (Constant), Cell Density 

 

ANOVAa 

Model Sum of 

Squares 

df Mean Square F Sig. 

1 Regression 337060.423 1 337060.423 230.675 .000b 

Residual 18995.530 13 1461.195   

Total 356055.953 14    
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a. Dependent Variable: Chlorophyll a 

b. Predictors: (Constant), Cell Density 

 

 

Appendix Q: Regression Analysis between Cell Density and Chlorophyll b 

 

Model Summary 

Model R R 

Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .969a .939 .934 23.92845720 

a. Predictors: (Constant), Cell Density 

 

ANOVAa 

Model Sum of 

Squares 

df Mean Square F Sig. 

1 Regression 113839.353 1 113839.353 198.821 .000b 

Residual 7443.424 13 572.571   

Total 121282.777 14    

a. Dependent Variable: Chlorophyll b 

b. Predictors: (Constant), Cell Density 

 

Appendix R: One-way Analysis of Variance Examining Carotenoid Content of 

Scenedesmus sp. in Five Treatments 

 

ANOVA 

Carotenoid 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

10.766 4 2.692 6.535 .007 

Within 

Groups 

4.119 10 .412   

Total 14.885 14    
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Appendix S: One-way Analysis of Variance Examining Phycobiliprotein, 

Phycocyanin, Allophycocyanin and Phycoerythrin Content of Scenedesmus sp. in 

Five Treatments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANOVA 

Alophycocyanin 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

2.960 4 .740 69.058 .000 

Within 

Groups 

.054 5 .011   

Total 3.014 9    

 

 

 

 

 

 

 

 

ANOVA 

Phycobiliprotien 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

15.467 4 3.867 64.650 .000 

Within 

Groups 

.299 5 .060   

Total 15.766 9    

ANOVA 

Phycocyanine 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

1.162 4 .290 38.769 .001 

Within 

Groups 

.037 5 .007   

Total 1.199 9    

ANOVA 

Phycoerythrin 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

2.036 4 .509 34.824 .001 

Within 

Groups 

.073 5 .015   

Total 2.109 9    
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Appendix T: One-way Analysis of Variance Examining Volumetric, Areal and 

Lipid Productivity, Specific Growth Rate and Cell Doubling Time of 

Scenedesmus sp. in Five Treatments 

 

Appendix U: One-way Analysis of Variance Examining Protein, Lipid and 

Carbohydrate Content of Scenedesmus sp. in Five Treatments 

 

ANOVA 

Protien 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

21.366 4 5.341 8.819 .003 

Within 

Groups 

6.056 10 .606   

Total 27.422 14    

 

 

 

 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Volum 

Productivity 

Between Groups .000 4 .000 .841 .530 

Within Groups .000 10 .000   

Total .000 14    

Lipid 

Productivity 

Between Groups 29.051 4 7.263 4.654 .022 

Within Groups 15.605 10 1.560   

Total 44.656 14    

Areal 

Productivity 

Between Groups .000 4 .000 .841 .530 

Within Groups .000 10 .000   

Total .000 14    

SGR Between Groups .033 4 .008 102.8 .000 

Within Groups .001 10 .000   

Total .034 14    

Cell Doubling 

Time 

Between Groups .402 4 .100 107.4 .000 

Within Groups .009 10 .001   

Total .411 14    

Total 

Chlorophyll 

Between Groups 885537 4 221384 2787 .000 

Within Groups 794.313 10 79.431   

Total 886331 14    
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ANOVA 

Lipid 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

102.346 4 25.586 27.868 .000 

Within 

Groups 

9.181 10 .918   

Total 111.527 14    

 

 

ANOVA 

Carbohydrate 

 Sum of 

Squares 

df Mean Square F Sig. 

Between 

Groups 

157.976 4 39.494 6.777 .007 

Within 

Groups 

58.273 10 5.827   

Total 216.249 14    
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Appendix V: One-way Analysis of Variance Examining Fatty Acids of 

Scenedesmus sp. in Five Treatments 

 

ANOVA 

 
Sum of 

Squares 

df Mean Square F Sig. 

C8:0 

 

Between 

Groups 

.007 4 .002 54.960 .000 

Within 

Groups 

.000 5 .000   

Total .007 9 
   

C10:0 

 

Between 

Groups 

.000 4 .000 .645 .654 

Within 

Groups 

.000 5 .000   

Total .000 9    

C12:0 

 

Between 

Groups 

1.908 4 .477 46.029 .000 

Within 

Groups 

.052 5 .010 
  

Total 1.960 9    

C13:0 

 

Between 

Groups 

.966 4 .242 32.316 .001 

Within 

Groups 

.037 5 .007   

Total 1.003 9 
   

C14:0 

 

Between 

Groups 

.357 4 .089 30.856 .001 

Within 

Groups 

.014 5 .003   

Total .371 9    

C16:1 

 

Between 

Groups 

425.448 4 106.362 192.616 .000 

Within 

Groups 

2.761 5 .552 
  

Total 428.209 9    

C16:0 

 

Between 

Groups 

43.310 4 10.828 20.027 .003 

Within 

Groups 

2.703 5 .541   

Total 46.013 9 
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C18:2 

 

Between 

Groups 

3969.892 4 992.473 100.689 .000 

Within 

Groups 

49.284 5 9.857   

Total 4019.176 9    

C18:1 

 

Between 

Groups 

7.727 4 1.932 5.488 .045 

Within 

Groups 

1.760 5 .352 
  

Total 9.487 9    

C18:3 

 

Between 

Groups 

63.037 4 15.759 64.154 .000 

Within 

Groups 

1.228 5 .246   

Total 64.265 9 
   

C18:0 

 

Between 

Groups 

30.264 4 7.566 8.369 .019 

Within 

Groups 

4.520 5 .904   

Total 34.784 9    

C20:0 

 

Between 

Groups 

199.091 4 49.773 30.781 .001 

Within 

Groups 

8.085 5 1.617 
  

Total 207.176 9    

C20:4 

 

Between 

Groups 

.490 4 .122 12.714 .008 

Within 

Groups 

.048 5 .010   

Total .538 9 
   

C20:5 

 

Between 

Groups 

17.943 4 4.486 19.697 .003 

Within 

Groups 

1.139 5 .228   

Total 19.081 9    

C20:3 

 

Between 

Groups 

6.820 4 1.705 9.084 .016 

Within 

Groups 

.939 5 .188 
  

Total 7.759 9    

C17:0 

 

Between 

Groups 

.020 4 .005 7.411 .025 
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 Within 

Groups 

.003 5 .001   

Total .023 9    

C21:0 

 

Between 

Groups 

1147.955 4 286.989 312.053 .000 

Within 

Groups 

4.598 5 .920   

Total 1152.554 9    

C22:6 

 

Between 

Groups 

.404 1 .404 22.984 .041 

Within 

Groups 

.035 2 .018   

Total .439 3    

C22:5 

 

Between 

Groups 

.090 4 .023 10.923 .011 

Within 

Groups 

.010 5 .002   

Total .100 9    

C22:1 

 

Between 

Groups 

767.963 4 191.991 43.924 .000 

Within 

Groups 

21.855 5 4.371   

Total 789.817 9    

C20:1 

 

Between 

Groups 

.113 4 .028 137.485 .000 

Within 

Groups 

.001 5 .000   

Total .114 9    

23:00 

 

Between 

Groups 

.051 3 .017 1.666 .310 

Within 

Groups 

.041 4 .010   

Total .092 7    

C24:1 

 

Between 

Groups 

.000 4 .000 2.561 .165 

Within 

Groups 

.000 5 .000   

Total .001 9    
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