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ABSTRACT 

Scenedesmus dimorphus is a four-celled colony algae. It was speculated that the species have 16-40% of lipid 

yield. The environmental stressor especially under nitrogen limitation could enhance lipid accumulation. In the 

current study, the species was cultivated in different nitrogen concentration at pH 5, 7 and 9. The growth was 

compared. The outdoor cultivation was carried out at nutrient sufficient and nutrient deficiency conditions. The 

algal biomass was harvested at 16
th

 days of cultivation for nutrient deficiency experiment and 18
th

 days from that 

of nutrient sufficient. The lipid was extracted from algal biomass using Soxhlet method with n-hexane. Results 

showed that Scenedesmus dimorphus had optimum growth at higher nitrogen concentration at neutral pH while 

optimum growth occurred at low nitrogen concentration under pH 5 and 9. The lipid yield produced in N-

sufficient cultivation was about 2.09% while the lipid yield produced in from N-starved cultivation was about 

2.33%. The lipid content was not affected by the nitrogen limitation in the culture. 

 

 

 
Key words:  Scenedesmus dimorphus • nitrogen content • depravation time • lipid yield • growth rate 

 

 

ABSTRAK 

 
Scenedesmus dimorphus ialah algal bersel empat dalam koloni. Ia dispekulasi bahawa 16- 40 peratus hasil 

lemak dari algal ini. Tekanan persekitaran terutamanya kekurangan nitrogen dapat meningkat akumulasi lipid 

dalam sel. Dalam kajian ini, algal dibesar dalam medium mengandungi kepekatan nitrogen berlainan pada pH 5, 

7 dan 9. Kadar pertumbuhan dibandingkan. Penternakan di luar bilik dijalankan  dalam keadaan kekurangan 

dan kecukupan nitrogen. Biojisim dikumpul pada hari ke-16 dalam keadaan kekurangan nitrogen dan hari ke-18 

dalam keadaan kecukupan nitrogen. Hasil lemak diekstrak dengan menggunakan Soxhlet dan n-hexane. 

Keputusan menunjukkan Scenedesmus dimorphus bertumbuh secara optimum pada kepekatan nitrogen yang 

tinggi dalam pH neutral manakala kepekatan yang rendah dalam pH 5 dan 9.Hasil lipid dihasilkan dari kultur 

kecukupan nitrogen ialah 2.09% manakala hasil lipid dihasilkan dari kultur kekurangan nitrogen ialah 2.33%.   

Kandungan lipid dalam sel bagaimanapun tidak dipengaruhi oleh nitrogen terhad dalam kultur. 

 

 

 
Kata Kunci: Scenedesmus dimorphs • kandungan nitrogen • berpuasa • hasil lemak • kadar pertumbuhan  
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1.0 INTRODUCTION AND OBJECTIVES 

According to Mohan et al. (2009), application of microalgae biomass range from food 

production and feed to valuable products. They stated that biomass covers about 10% of the 

world’s primary energy demand. Antoni et al. (2007) claimed that only the biomass has the 

potential to replace the supply of an energy hungry civilization against the background of 

rising crude oil price, depleting of resources and environmental challenges. 

Microalgae grown in mass cultures are always considered as an additional source for food or 

for conversion to other useful compounds for instance alcohol and energy (Rodolfi et al., 

2009). Many of them have high protein contents and contain a large variety of other 

constituents of potential pharmaceutical purpose. Microalgae culture systems show suitability 

that allows them to take part in different processes which includes wastewater treatment (Luz 

et al., 1997).  According to Margret et al. (1984) Scenedesmus sp., Spirulina sp., and 

Chlorella sp. present high yields of about 10-40g dry biomass per m
2
 and per day. This 

enables them to grow in monoculture over a long period.  

Microalgae have been considered as the potential and prospects renewable source energy to 

replace fossil diesel in the future (Xiong, 2007; Chisti, 2008). Moreover, Miao and Wu (2006) 

claimed that the higher photosynthetic efficiency of microalgae, higher biomass production 

and faster growth compared to other energy crops make them become very good candidates 

for fuel production. Microalgae have been found to grow rapidly and might be even reach 1-3 

doubling per day (Hu et al., 2008). Hence, the adaptability of algae grown under 

hetertrophically, mixotrophic and autotrophic cultivation condition cause algae are now in the 

interest for biodiesel production. However, according to Tania and Chisti (2010), not all of oil 

or lipids from algae are suitable for conversion to biodiesel  
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The microalgae development in terms of growth and content is impelled by environmental 

stressors such as temperature, light intensity, pH and nutrients (Abuzer et al., 2008). Nitrogen 

limitation becomes one of the significant factors which regulate the microalgae growth in the 

growth media (Subba, 2006) and the lipid content within the cells (Illman et al., 2000). It has 

been speculated that the lipid content in microalgae can be enhanced by imposing nitrogen 

starvation (Piorreck et al., 1984; Solovchenko et al., 2008; Shen et al., 2009). Lipid is an 

important source of storage energy for microalgae. However, each algal species or strain 

would have different preference on nitrogen source. The concentration of nitrogen source in 

the growth media influence the algae lipid yield. Subba (2006) stated that high nitrogen 

concentration in the media tends to increase the cell density but inhibit the lipid yield 

production.  

According to Abuzer et al. (2008) Scenedesmus sp. is one of the first cultured algae in vitro 

because of its rapid growth and handling ability. In addition to these, this genus has been 

worldwidely used for industrial purpose because its cultivation is more easy and its adaptation 

to the environmental conditions (Pulz & Gross, 2004; Li et al., 2005). Scenedesmus dimorphus 

are claimed to contain 16 - 40 percents of lipid contents but they are varied in accordance with 

culture conditions. Perhaps the growth rate and lipid composition in Scenedesmus dimorphus 

is associated with environmental stress.  

Algae produce lipid during rapid growth, but production is always enhanced under nutrient 

deficient conditions that do not favour growth (Hu et al., 2008; Shen et al., 2009). Therefore, 

understanding the conditions that enhance lipid production by algae is vital important for 

microalgal oil to be a practicable choice. The major barrier for high cost of microalgal oil 

production is expected to be overcome by the technology development. In such technology 
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development the process optimization is concerned.  The key processes involved in biodiesel 

production using microalgae are cultivation, harvest, lipid extraction (cell disruption), and the 

transesterification of the lipids (Lee et al., 2010). In recent biobiesel research, exploring ways 

to reduce the high cost of biodiesel especially for those methods focusing on minimizing the 

raw material cost is of much interest (Miao & Wu, 2006).  

The overall lipid productivity determines the cost of cultivation process. The biomass 

concentration and lipid cell content affect the following processing costs. Therefore, an ideal 

process should be able to produce highest lipid productivity with the highest lipid cell content. 

Unfortunately, this is not easy to accomplish because high lipid cell contents are usually 

produced by cells under stress, typically nutrient limitation and thus it is always associated 

with low biomass productivity and consequently low overall lipid productivity (Li et al., 2008).   

This research attempted to identify the optimum growth conditions for Scenedesmus 

dimorphus in order to maximize their lipid yield by nutrient (nitrogen) deprivation. The 

objectives of this study are to determine the effects of nitrogen concentration and the pH on 

the growth rate and then determined if the nutrient (nitrogen) when deficient in the media 

could cause the microalgae, Scenedesmus dimorphus to produce more lipids. The growth 

parameters suitable for Scenedesmus dimorphus were also determined as the current 

information is insufficient to determine the ideal parameter for the growth of Scenedesmus 

dimorphus in outdoor mass cultivation such information is important for later used which 

aimed to maximize lipid production in Scenedesmus dimorphus.  
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2.0 LITERATURE REVIEW 

2.1General Information and Characteristics of Algae 

Algae have categorized as a diverse group of eukaryotic organisms which belong to the 

phylum Protista. A few number of properties which grouped the organisms together as algae 

will be described as below. These include the photosynthetic pigments of each group, the 

types of storage products, their structure of cell wall, the mortality’s mechanisms and the 

mode of production. The name of algae groups derived from the major color displayed (Nester 

et al., 2004).  

Algae could be found everywhere in water regardless the freshwater, salt water and even in the 

soil.  The earth’s surface is covered by more than 70% of the oceans and therefore aquatic 

algae are usually known as major producers of oxygen and important users of carbon dioxide. 

Nevertheless, different proportion of proteins, carbohydrates, fats and nucleic could be found 

in all algae but the percentages of each component vary among the type of algae. Moreover, 

ecological stressors which are biotic or abiotic factors used to control morphological and 

physiological properties of phytoplankton species and these usually are important to 

understand the dynamics of water bodies (Reynolds et al., 2002). 

The algae include macroalgae and microalgae. Macroalgae are multicellular organisms which 

have various numbers of specialized structures act as specific functions. Macroalgae or 

seaweeds is usually known as the fast growing and fresh water photosynthetic protists. Its size 

could be grown up to around 60m. In contrast to this, the microalgae that usually know as 

single celled organisms commonly grown in free floating and sometimes propelled by flagella. 

Both types of algae grow fast and this enables them to be a promising crop for human use. 

Microalgae in comparison to macroalgae are known to have large amounts of lipids within 
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their cell structure and therefore being a better choice for cultivation and biodiesel production 

(Encarnaciόn et al., 2010).  

 

2.2 Classification of Microalgae 

The classes of microalgae are differentiated by the structures of flagellate cells. Despite of this, 

the electron microscope is used to demonstrate the nuclear division, the cytoplasmic division 

process and the cell covering in order to classify them into different taxonomy group. There 

are total 7 taxonomy groups have been found since 1960 which namely Bacillariophyta, 

Chlorophycophyta (green algae), Chrysophycophyta (golden algae), Cyanobacteria (blue-

green algae), Phaecophycophyta (brown algae), Dinophyta (dinoflagellates) and 

Rhodophycophyta (red algae). The Chlorophyceae (green algae) is most favored in research of 

biofuel production among the groups listed. 

 

2.3 Scenedesmus dimorphus 

Scenedesmus dimorphus is green microalgae, bean shaped with its size approximately 10µm. 

It is a heavy bacterium with 16- 40 percents of lipid content (Table 1). It is fast growing and 

sturdy. These characteristic make them widely for human use and also preferred as a culture 

species for oil yield in biofuel production. The optimum temperature for the growth of S. 

dimorphus growth is from 30- 35°C (Encarnaciόn et al., 2010). 
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Table 1: Chemical composition (% dry matter basis) of selected microalgae (Anoop et al., 2010). 

Strain Protein Carbohydrate Lipid Content Nucleic Acid 

Scenedesmus obliquus 50-56 10-17 12-14 3-6 

Scenedesmus quadricauda 47 - 1.9 - 

Scenedesmus dimorphus 8-18 21-52 16-40 - 

Chlamydomonas 

rheinhardii 

 

48 

 

17 

 

21 

 

- 

Chlorella vulgaris 51-58 12-17 14-22 4-5 

Chlorella pyrenoidosa 57 2 2 - 

Spirogyra sp. 6-20 33-64 11-21 - 

Euglena gracilis 39-61 14-18 14-20 - 

Spirulina platensis 46-63 8-14 4-9 2-5 

Spirulina maxima 60-71 13-16 6-7 3-4.5 

Anabaena cylindrica 43-56 25-30 4-7 - 

 

2.4 Scenedesmus dimorphus Cultivation 

2.4.1 Parameters that affect the cultivation 

The parameters such as light, pH, temperature, agitation, nutrient and carbon dioxide have 

influences on the cultivation. However, the optimal parameters and tolerance ranges for the 

cultivation are varied among the species. Although those factors are interdependent to one and 

another for algae cultivation, different species has different cultivation condition. (Lavens & 

Sorgeloos, 1996).  

 

2.4.2 Effect of Nutrient on algal growth and lipid yield 

The growth media, nutrient solutions are needed for stock culture. Algae utilized growth 

nutrients like nitrogen and phosphorus as daily feed. But the nutrient concentration and 

availability is different among algae. S.obliquus preferred relatively low phosphate 
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concentration for example 0.32 ± 0.1 mM. Effects of phosphate concentration are significant 

on the algal biovolume but insignificant with algal development (Abuzer, 2008). He stated that 

Scenedesmus obliquus could be used to remove excess nutrients, heavy metals, and textile 

dyes from wastewaters because of its ability to tolerate wide range of phosphate gradient. This 

is important in natural ecological systems.  

Nonetheless the most important factor in cultivation that influences the microalgae growth is 

nitrogen content and it has direct impact on the algae lipid yield (Shen et al., 2009). According 

to Encarnaciόn et al. (2010), algal lipid content would be increased in nitrogen limited 

situations because it acts as a mechanism to survive. This causes the cells to stop divisions and 

subsequently start to store energy in the form of lipid. Many reports claimed that the content 

of dry lipids in various strains may duplicate during nitrogen deprivation and the biomass 

growth is prohibited when nitrogen is deficient in the growth media. Based on the study 

reported by Shen et al. (2009), urea has been proven as the ideal nitrogen source for 

Scenedesmus dimorphus growth.  

Abuzer et al. (2008) claimed the Scenedesmus obliquus able grow at different nitrate gradients.  

The species had similar growth curves between pH 7 and pH 8. He stated that the growth rate 

and doubling time of the algal cells were significantly affected by the nutrient concentration 

and pH value of the medium. The growth rate is dependent on relatively low phosphate 

concentration (0.3mM) and high nitrate level (12mM) at pH 7 (Abuzer et al., 2008). He 

claimed that Scendesmus obliquus was adaptable to low level of phosphate and high nitrate 

value at circum-neutral pH but the cell volume and cell number of coenobia changed from lag 

phase to stationary phase.   
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In the absence of nutrient, the cells convert the excess carbon in the growth medium into 

storage lipid materials. For example, in N-limitation the biomass takes up glucose more than 

doubling its total content of lipids from its initial biomass that grown photoautotrophically. 

(Scarsella et al., 2009). Studies showed that, Chlorella vulgaris is expected to have balanced 

growth opportunities in the future times by maximizing membrane lipids in shortage of 

nitrogen and in the present of phosphorus. Although the total amount of lipids is slightly lower, 

most of them are tryacylglycerides which is suitable for biodiesel.  

Last by not least, Liu et al. (2008) suggested that the presence of Fe
3+

 in the medium could 

promote faster growth rate and increased total lipid accumulation but decrease the non polar 

lipids. This non polar lipid is suitable for biodiesel production. This is supported by the other 

author claimed that under stress conditions such as nitrogen limitation,  high Fe
3+

 

concentration and light intensity could increase the oil content in the algal. 

 

2.5 Growth measurement  

2.5.1 Cells counting 

Two methods usually used in cells counting.  It either using a microscope with a chamber of 

known dimensions which is haemacytometer or using electronic cell counter. Most types of 

cells could be counted by either method. The electronic cell counter is preferable when many 

determinations are to be made on same kind of cells under comparable condition. 

 

2.5.2 Cells counting using hemacytometer 

A hemacytometer has two ruled areas on the slide. These areas are isolated when a cover slide 

is placed over them. The Improved Neubauer Hemacytometer consists of a thick rectangular 
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slide with H-shaped forming two counting areas. Each forms a chamber with a depth of 

0.1mm. The total ruled area of one chamber is 9mm
2
. The square millimeter at each corner is 

ruled into 16 squares. The central square millimeter is ruled into 25 squares and each square 

separated by triple lines, the middle line as the boundary. Each of these 25 squares consist 16 

smallest squares.  

The chamber is filled by capillarity concept using diluting pipette at the edge of the cover slide 

that place on the ruled area. The pipette is best held at an angle of 45° from the horizontal 

when filling the chamber. The suspension of cells must not overflow the chamber otherwise 

the count would be inaccurate. 

The cell’s density (d) is determined using the formula if the individual blocks are counted: 

d (cells/ml) = 
           

            
       

However, if the cells are counted only in the five small squares in the centre block, the 

formula would be used in calculation: 

d (cells/ml) = 
                             

             
 

where 10= the 10 squares of the 2 chambers and 4 x 10
-6

 = the volume of sample over the 

small square area which is equivalent to 0.004mm
3
 expressed in ml. 
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2.5.3 Algal Growth Phases  

The algal growth phase could be divided into 5 which are lag phase, exponential, declining 

growth rate, stationary and death phase.  

 

Figure 1: General pattern of microalgae growth in batch cultures. (1) Lag phase, (2) exponential phase, (3)  

declining growth rate, (4) stationary phase, and (5) death phase. (N1) biomass at time 1 (t1), and (N2) 

biomass at time 2 (t2). (Australian National Algae Culture Colletion, 2010.). 

 

The lag phase is the condition when the innoculum has a strong bearing. It may occur when 

the innoculum is transferred from one set of growth conditions to another. However, in the 

similar growth condition of light and temperature, an innoculum is not likely to have any lag 

phase if it is taken from a healthy exponentially growing culture and then transferred into fresh 

medium. For example, the first phase of Scenedesmus obliquus showed in the growth curves 

was exponential growth and no lag phases was observed from the experiment conducted by 

Hodaifa et al. (2008). In some cases, the algal shows negative growth lag phases after 

transferred into the new medium because the algal intentional adapt to the new environment 

conditions.  
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The growth rate of microalgal population is determined from the exponential phase. Growth 

rate is an important measurement in order to express the relative ecological success of a 

species or strain in adapting to its environment. The duration of exponential phase in cultures 

is dependence on the capacity of the medium and culturing condition that support algal growth.  

The two points of N1 and N2 at the extremes of this linear phase (Figure 1) are obtained from 

the growth curve and substituted into the equation below: 

Growth rate; K’= Ln (N2/N1) / (t2-t1) 

When the limiting factor limits the cell division or inhibits the cell reproduction, the declining 

growth in cultures is occurred. The net growth is zero when the cultures enter stationary phase. 

However it may undergo dramatic biochemical changes within few hours. The nature of the 

growth changes depends on the growth limiting factor. For example nitrogen limitation may 

result in the reduction in protein content, changes in lipid and carbohydrate content. 

When vegetative cell metabolism cannot be maintained, the cultures enter the death phase 

which is also known as “culture crash”. Some species will lose their pigmentation therefore 

they appeared to be “wash out” or cloudy, whereas some other species cells may burst or lyse 

but the culture color remained. At the times, the color of culture became cloudy could be due 

to the existence of bacteria. Sometimes the cell growth of some species can re-occured after 

the culture has apparently died. This is possibly due to the bacteria releasing nutrient back into 

the media. Then the remaining vegetative cells or those likely germination of cysts or 

temporary cysts will be able to adapt and survive in this secondary growth.  
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2.6 Harvesting of Algae 

Many methods could be used for harvesting. However suitability of harvesting methods are 

vary in accordance with species. Chemical flocculation and electrical flocculation are the 

common way to harvest algae. According to Encarnaciόn et al. (2010), the chemical added 

during chemical flocculation cause the cells to coagulate and precipitate at the bottom or float 

to the surface. The supernatant will be removed or skimming off from the surface to recover 

the biomass.  

Apart from that, Kumar et al. (1981) found low-voltage electric fields and certain chemical 

factors could influence the stability of colloids in suspension. Passage of the electric current 

through the algal suspension causes formation of buoyant algal flocs. They found that the rate 

and degree of Chorella and Scenedesmus algal flocculation dependent on pH of the medium, 

electric field, cell density and various counterlonic additives for instance, monosodium 

glutamate (MSG) and Chitosan.  

 

2.7 Extraction of Oil from Microalgae 

Organic solvents could be used in extraction. The common solvents used are benzene, hexane, 

ether, or isopropyl. They are all hazardous and must be treated carefully when the extraction 

method is carried out. 

Soxhlet method with n-hexane as a solvent could be used to extract lipid from microalgae. 

Hexane solvent extraction method could be used alone in extraction as well. The oil is 

removed via a repeated washing process in special glassware using Soxhlet extraction with 

hexane. The oil and hexane subsequently separated by using distillation apparatus or rotation 
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vapor once the oil extracted from the cells.  More than 95% of the total oil in the algae could 

be extracted as the two methods are combined.  

Luisa & Ana (2009) stated that propanol that acts as a pre-treatment to the cell has a positive 

effect on oil extraction. However differences in cell size, shape and structure may have caused 

the different effectiveness of lipid recovery and extraction between different strains. 

According to Shen et al. (2009), solvent systems using hexane extraction after the disruption 

methods of wet milling was the best for Scenedesmus dimorphus lipid extraction while the 

most effective method for lipid recovery was bead-beater followed by hexane extraction. Wet 

milling is the technology used commercially in the starch processing industry. Algal lipid 

extraction using this well-developed technology is applicable nowadays. It is an easy and low 

operation method that could give higher lipid recovery rate. However, no single method could 

be applied to all algae species because the cell characteristics are differ from one to another 

among the species.   
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3.0 MATERIALS AND METHODS 

3.1 Batch culture 

3.1.1 Algal Strain and Cultivation Conditions 

Scenedesmus dimorphus was obtained from the algae culture collection at the University of 

Texas in Austin. The microalga was subcultured into Modified Bristol Medium (MBM) at 

room temperature; 27°C. The stock cultures were exposed to illumination of 2.4klux provided 

by fluorescent lamps under a 12:12 h light: dark cycle. Cultures were manually shaken 

everyday. 

 

3.1.2 Culture medium 

3.1.2.1 Bristol Medium (Bold 1949 cited in UTEX, 2010) 

Stock cultures were based on H.C.Bold’s modification of Bristol recipe (Bold 1949). One liter 

of MBM was prepared by added the components (Table 2) into volumetric flask in orderly. 

The MBM was autoclaved approximately one hour and half at 121°C. The autoclaving period 

depends on the volume of autoclaved medium. 

Table 2: Chemical composition of Modified Bristol’s Medium (UTEX, 2010). 

Component Amount (ml/L) Stock solution concentration 
Final concentration 

(mM) 

NaNO3 10 10g/400ml dH2O 2.94 

CaCl2.2H2O 10 1g/400ml dH2O 0.17 

MgSO4.7H2O 10 3g/400mldH2O 0.30 

K2HPO4 10 3g/400ml dH2O 0.43 

KH2PO4 10 7g/400ml dH2O 1.29 

NaCl 10 1 g/400ml dH2O 0.43 

*dH2O = distilled water 

 


