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Abstract 

Nannochloropsis oculata, an micro-algae, has rapid growth rates, the ability to 

accumulate high levels of lipid and lipid composition suitable for producing 

biodiesel.  In this article, we conducted the effects of temperature as well as 

light on the growth and the lipid accumulation of microalgae. By means of 

quantitative analysis showed that under 300C and 9000lux, the population 

growth with and microalgae lipid accumulation reached the highest value such 

as  drybiomass obtained 460.7mg/l, the amount of crude lipid obtained 

59.6mg/l and the total lipid accounted for 12.9% of dry biomass. 
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1. INTRODUCTION 

The appearance of a series of industrial parks along with the population boomhas 

been leading tonatural energy sources such as oil, gas and coal increasingly depleted. 

Furthermore,the use of these energy sourcecauses environmental pollution, especially 

in increasing the greenhouse effect. Therefore, to find clean fuels reducing CO2 

emissions is essential. 

Vegetable oil and animal fat were studied to convert into biodiesel fuel. These 

materials can not meet the demand because vegetable oil is high cost and animal fat is 

poor quality (Huang et al., 2009) [2]. Meanwhile, microalgaes are potential subjects in 

this field, notably Nannochloropsis oculata(N. oculata)microalgae, a species with 

high lipid accumulation in the range from 22.7 to 29.7% as well as capable of 

reproducing biomass fast (Mata et al., 2009) [5]. 

The process of growth and development in order to increase Nannochloropsis oculata 

biomass and the amount of lipid is affected largely by environmental factors and 

culture conditions (Mata et al., 2010) [4]. Thus, looking for environmental components 
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as well as the appropriate culture conditions for N. oculata microalgae to grow and to 

accumulate the maximum amount of lipid arevery necessary. 

 

2. MATERIALS AND METHODS 

2.1. Materials  

2.1.1. Strain  

Nannochloropsis oculata strain was provided  by Vietnam Type Culture Collection 

(VTCC) as suspensions. 

 

2.1.2. Culture medium 

Based on F2 medium of Guilard (1975) in artificial sea water (Chisti Y., 2007)[3]. et 

al., 2009)[1]. 

 

2.2. Method 

2.2.1. Culture procedure 

A small amount of microalgae from the original tubewas taken to multiply (level 1) in 

250 ml Erlenmeyer flask at temperature of 250C, the light intensity of 6000 lux, 

continuous shaking on a shaker at 100 rpm revs per min without aeration and lighting 

time was 16/8 (16 hours lighting) in 8 days. Next, a mount of 5% strain (level 1) was 

inoculated into bottles of 400 ml basic medium at temperature of 250C, the luminous 

intensity of 6000 lux, no shakes nor aeration andlighting time was16/8 in 8 days (level 

2). 

After having inoculated (level 2), microalgae were inoculated in bottles of 5 liter 

medium to study the biomass development and the lipid accumulation under 

temperatures 250C, 300C and 370C and under illumination intensities : 3000 lux, 6000 

lux, 9000 lux. Each experiment was replicated 3 times. Microalgae cultivationprocess 

was carried out continuously for 12 days in each treatment. 

 

2.2.2. Indirect assessment of biomass growth over time 

Biomass was assessed indirectly through value OD682nm (Chiu et al, 2009) [4]. High 

density samples are diluted so that the OD682nm value in the range of 0.1 to 0.5. 

Culture medium was used to make the blank. 

 

2.2.3. Quantification of dry biomass 

After N. oculata was cultured within12 days, culture mediumwas naturaly sedimented 

in 1 day and filtrated by a vacuum refinery. To ensure biomass filtrated thoroughly, 2 

layers of Whatman filter paper wih size 11um dried to constant mass m0 under 600C 
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were used. Biomass was dried under 600C from 10 to15 hours, put it in a desiccator 

with anhydrous silica gel for 2 hours and then weighed to constant mass m1. 

Dry biomass is calculated as follow: mdry biomass(g/l) = (m1 – m0) / V in which:  m1, the 

sample mass after dehumidified; m0, the mass of 2-layer filter paper; V, the volume of 

the culture medium [1]. 

 

2.2.4. Quantification of crude lipid 

Dry biomass was soaked in glass jars available to solvents: chloroform-methanol-

water with a volume ratio of 2: 1: 1 (v/v/v). Next, it was burst with ultrasound to 

extract lipid. Filtering it through filter papers, then pouring water in order to solution 

divided into 2 phases and collecting the bottom layer containing chloroform and lipids 

with a 250 ml flask (weighed to constant mass m0). The mixture was dried under 600C 

for chloroform to evaporate, and lipid would be recovered and weighed with m1value 

Bligh và Dyer (1959)[2]. 

Crude lipid is calculated as follow: mcrude lipidg/l = (m1 – m0)/V. In which: m1, the 

sample mass after dried;m0, the flask mass; V, the volume of the culture medium. The 

proportion of crude lipid/dry mass is calculated as follow:% crude lipid = mcrude lipid/ 

mdry biomass 

 

3. RESULTS  

3.1. Morphological observation of microalgae Nannochloropsis oculata 

Morphological observation of N. oculata under the microscope objective lens 100x 

showed that this microalgae was spherical cell with very small size (less than 5μm) [3]. 

In color, the cells was green due to chlorophyll pigments and there were small spots 

with different sizes in the cytoplasm (Fig 1). According to Silverberg (1976), lipid of 

microalgae exists in the cytoplasm in the form of 30 nm in size droplets. So, these 

small spots were capable of microalgae lipid droplets accumulated. Fig 2 found that 

the lipid droplets were accumulated more and gathered into large droplets which 

could be seen clearly in the microscope. 

 

 

 

 

 

 

 

 Fig 1. N. oculata under the 

microscope objective lens 

100x 

 

Fig 2. N. oculata in the 12th day of 

cultivation under the microscope objective 

lens 100x 
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3.2 Effect of the study conditions  

3.2.1. Effect of temperature 

In this experiment, we manipulated N.oculata under different types of temperature: 

250C, 300C and370C in F2 medium of Guillard using available CO2sources in the 

atmosphere with the aeration rate of 0.4vvmand lighting intensity of 6,000 lux. Plastic 

bottles of 5l containing algae were cultured autotrophic during 14 days with 

continuous illumination time and measured OD every 2 days. The experiment was 

repeated 3 times. 

 

Fig 3. Growth chart of N. oculata biomass over time under different types of 

temperature 

 

Figure 3 showed that N. oculata grew rapidly in the first 8 days but the growth 

increased slowly next days. Until 12th day, the biomass did not increase further and 

started going into equilibrium phase. The development of microalgae biomass reached 

the highest value under 300C with OD 0.319. 

 

 

Fig4.  Effect of temperature on dry biomass and crude lipid after 12 days of 

culturing Nannochloropsis oculata 
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N.oculata was considered adapting to fairly wide temperature range but it was also 

relatively sensitive species growing under different temperatures [1] . Therefore, the 

amount of biomass and lipid accumulated in N. oculata had the significant changes 

under 3 different temperatures. As shown can be seen in Fig. 4, under temperature of 

300C dry biomass and crude lipid content (occupying 12.4% of dry biomass) reached 

the highest value (319.3 mg/l, and 39.6 mg/l, respectively). Under temperature of 

250C, dry biomass and crude lipid accumulation in microalgae declined from 319.3 

mg/l to 285.8 mg/l, and from 39.6 mg/l to 21.5 mg/l seperately, which led to the 

amount of lipid reduced from 12.4% to 7.5%. This has been clearly expressed when 

the microalgae was cultured at the temperature more than the optimum. At 370C, dry 

biomass and crude lipid accumulation in microalgae fell sharply (217.5 mg/l and 12.9 

mg/l, respectively) and the amount of lipid was accounted for 5.9% of dry biomass. 

The results of this study are in line with previous results [Attilio 2009)] [1] who 

supported the idea that the temperature of 300C is the optimum to N.oculata.  

 

3.2.2. Effect of illumination intensity 

In this experiment, we manipulated N.oculata under different types of lighting 

intensity: 3000 lux, 6000 lux and 9000 lux in F2 medium of Guillard using available 

CO2sources in the atmosphere with the aeration rate of 0.4vvm and the temperature of 

300C. Plastic bottles containing algae were cultured autotrophic during 14 days with 

continuous illumination time and measured OD every 2 days. The experiment was 

repeated 3 times. 

 

 

Fig  5. Growth chart of N. oculata biomass over time under under different types of 

lighting intensity 

 

Figure 5 showed that under the temperature of 300CN.oculata biomass in  F2 medium 

was in ascending while lighting intensity was increasingly high. Besides, the biomass 

grew rapidly in the first 8 days but slowly in the following days and on the 12th day it 

almost did not increase any more. The lighting intensity of 9,000 lux helped the 
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growth of biomass reach the highest value with OD value 0.368after 12 days of  

culture.  

 

Fig 6. Effect of illumination intensity on dry biomass, crude lipid after 12 days of 

culturing N.oculata 

It can be seen in Fig. 5 that the amount of biomass and the lipid content increased 

gradually when light intensity increased. Under illumination intensity of 9000 lux,the 

amount of dry biomass and crude lipid content achieved the highest value (460.7 mg/l 

and 59.6 mg/l, separately) and the amount of lipid  accounted for 12.9% of dry 

biomass.  

When the lighting intensity <9000 lux, dry biomass and lipid accumulation in 

microalgae dropped. They were 319.3 mg/l, 39.6 mg/l under intensity of 6000 lux and 

250.6 mg/l, 22.3 mg/l under intensity of 3000 lux. 

 

4. CONCLUSION  

Temperature and light intensity are important factors to impact on the growth and 

lipid accumulation in microalgae N.oculata. The amount of lipid was highest 

(accounting for 12.9% of the dry biomass) when microalgae was cultured under the 

temperature of 300 C and the light intensity of 9,000 lux. 
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