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Abstract 
 

Nitrogen stress condition is believed to increase the production of lipid in microalgae, but 

the synthesis of both lipid and carbohydrate is less known. Therefore, the effect of nitrogen 

stress condition on the synthesis of lipid and carbohydrate of Tetradesmus obliquus UPSI-

JRM02 was studied in a 2 L bioreactor system. The highest lipid and carbohydrate yields 

achieved under nitrogen stress condition were 37% and 23%, respectively. 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.  The fatty acid profile produced 

under nitrogen stress condition was composed of 54% polyunsaturated fatty acid (PUFA), 

43% saturated fatty acid (SFA) and 3% monounsaturated fatty acid (MUFA). The biofuel 

properties of T. obliquus obtained under the nitrogen stress condition was within the range 

of biodiesel standard and is most suitable for the usage in cold country.  

 

Keywords: Nitrogen stress, Tetradesmus obliquus, lipid, carbohydrate, biofuel  

 

Abstrak 
 

Keadaan stres nitrogen dipercayai dapat meningkatkan penghasilan lipid dalam 

mikroalga, tetapi sintesis kedua-dua lipid dan karbohidrat kurang diketahui. Oleh itu, kesan 

keadaan stres nitrogen terhadap sintesis lipid dan karbohidrat Tetradesmus obliquus UPSI-

JRM02 telah dikaji dalam sistem reaktor bio 2 L. Hasil lipid tertinggi dan karbohidrat yang 

dicapai di bawah keadaan stres nitrogen adalah 37% dan 23%, masing-masing. Keadaan 

stres nitrogen mengaruh pengumpulan karbohidrat pada peringkat awal tetapi mula 

menurun pada hari ke-4 apabila karbon beralih ke arah penghasilan lipid. Profil asid lemak 

yang dihasilkan di bawah keadaan stres nitrogen terdiri daripada 54% asid lemak poli tak 

tepu (PUFA), 43% asid lemak tepu (SFA) dan 3% asid lemak mono tak tepu (MUFA). Sifat 

bahan bakar bio T. obliquus yang diperolehi di bawah keadaan stres nitrogen berada 

dalam julat piawai biodiesel dan paling sesuai untuk kegunaan di negara sejuk. 

 

Kata kunci: Stres nitrogen, Tetradesmus obliquus, lipid, karbohidrat, bahan bakar bio 
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1.0 INTRODUCTION 
 

Microalgae consist of simple unicellular structure 

which have more potential as sustainable biofuel 

compared to the first and second generations of 

biofuel. The first generation of biofuel was produced 

from edible crops where it competes with the 

agriculture industries making it unsustainable. 

Meanwhile, the second generation was produced 

from non-edible plant material but the pre-treatment 

to produce biofuel is high due to the composition of 

lignin, cellulose and hemicellulose. Microalgae show 

rapid growth, thus enabling many species to 

produce high lipid contents of 20–50% biomass dry 

weight [1]. They are also able to produce ten times 

more oil compared to plants, due to their higher lipid 

content and biomass. In addition, cultivation of 

microalgae can be performed using wastewater with 

high nitrogen contents, such as ammonium and 

nitrate [2] thus helping to reduce water pollution.  

Microalgae growth depends on various factors 

such as nitrogen sources, light intensity, temperature, 

pH and others (salinity, carbon dioxide, trace metal, 

photoperiod and phosphorus). These factors 

influence the growth rates, productivity and biomass 

composition of the microalgae. In nature, 

microalgae are exposed to various environmental 

factors that results in difference physiology and 

growth response. In general, the production of lipid 

and carbohydrate in microalgae can be enhanced 

by manipulating the environmental (light, salinity, 

and temperature) and nutritional (phosphorus, trace 

element, and nitrogen) factors [3]. In which among 

these factors the most noteworthy to increase the 

production of lipid and carbohydrate are nitrogen 

stress. Breuer et al. [4] stated that under nitrogen 

stress condition microalgae lipid and carbohydrate 

are accumulated simultaneously. Microalgae that 

are cultured in nitrogen sufficient condition produce 

a small amount of triacyl glycerides (TAG) but the 

content of TAG increased when the microalgae is 

grown in a nitrogen limited condition [5].  Under 

nitrogen stress, lipid is accumulated due to 

catabolism of amino acids that produces various 

tricarboxylic acid (TCA) cycle intermediates, such as 

acetyl CoA for fatty acid elongation [6, 7, & 8]. 

Nitrogen stress is believed to have a significance 

effect on microalgae lipid or carbohydrate 

productivity leading to a conclusion that the reaction 

might depend on the microalgae species [9]. 

Choosing the suitable microalgae strain is 

important to increase microalgae biofuel production 

as different microalgae species exhibited varying 

biochemicals content when cultivated under 

different culture conditions. The composition and 

metabolism of microalgae lipid and carbohydrate 

are species dependent. The production of lipid 

content from various species of microalgae was in 

the range of 5–75% [10]. However different 

microalgae species exhibited varying lipid content 

when cultivated under different culture conditions. 

There were many microalgae strains reported to be 

capable of producing lipid, such as Botryococcus 

braunii, Chlamydomonas pitschmannii, Chlorella 

vulgaris and Nannochloropsis sp., with lipid content 

ranges of 25–75%, 51%, 5–58% and 12–53%, 

respectively [10]. The carbohydrate content in 

microalgae also varies according to species, such as 

in Chlorella vulgaris (37–55%) [1] Chlamydomonas 

reinhardtii (9.2%) [11] and Chlorococum sp. (32.5%) 

[1]. Microalgae biomass, particularly lipid and 

carbohydrate, is useful as a feedstock for the 

production of biodiesel, bioethanol, biohydrogen 

and bio-oil [12].  

Sequential accumulation of starch and lipid was 

shown in a study on Chlorella sorokiniana with starch 

as predominant carbon storage under short term 

nitrogen depletion condition, before the carbon 

shifted towards lipid production [13]. Meanwhile, 

previous studies of Tetradesmus sp. were mainly 

focused on lipid production alone, instead of both 

lipid and carbohydrates [6, 8]. By contrast, this study 

focuses on both macromolecules, which is crucial as 

lipid and carbohydrate share the same fixed carbon 

precursor from photosynthesis. In addition, changes 

of lipid and carbohydrate yields under nitrogen stress 

are important to be understand in exploiting both 

biomolecules for production of biofuel. Therefore, this 

study aims to examine the production of lipid and 

carbohydrate in Tetradesmus obliquus UPSI-JRM02 

under nitrogen stress condition. 

 

 

2.0 METHODOLOGY 
 

2.1 Microalgae Strain and Culture 

 

The T. obliquus UPSI-JRM02 was isolated from Jeram 

Sanitary Landfill, Selangor, Malaysia in our previous 

study [2, 14]. The T. obliquus UPSI-JRM02 culture was 

maintained in a 1 L Erlenmeyer flask in BG11 medium. 

BG11 media was widely used for cyanobacteria [14]. 

The culture was illuminated with a cool white 

fluorescent lamp at 4000 lux light intensity and 12:12 

light: dark photoperiod.  

 
2.2 Bioreactor Setup for Cultivation of T. obliquus 

UPSI-JRM02 under Nitrogen Stress  

 

The cultivation of T. obliquus UPSI-JRM02 was 

conducted in a 2 L bioreactor with 1.4 L working 

volume (Biostat®Aplus, Sartorius AG, Germany). 

Figure 1 shows the schematic diagram of bioreactor 

used in this study. The bioreactor was inoculated with 

5.5 x 106 cells/mL of microalgae in BG11 media 

without NaNO3 (0 mg NaNO3) and cultured for 14 

days under nitrogen stress condition. Meanwhile, 

culture inoculated in BG11 media with 400 mg 

NaNO3 was used as a control. The cultivation of T. 

obliquus in both conditions was conducted at pH 9.8, 

36 ºC and 23 500 lux of light intensity as obtained 

from our previous study [15]. The pH and temperature 
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were controlled using 0.1 M HCl and 0.1 M NaOH and 

heat jacket, respectively. The light source was 

placed at the bottom of the bioreactor vessel. 

Filtered air was supplied by an air compressor (Hi-

Blow Air Pump, Japan). A total of 35 mL of sample 

was collected every 2 days for cell growth (2 mL), 

biomass and biochemical (30 mL) and microscopy (3 

mL) analyses.  

 

 
 

Figure 1 Schematic diagram of bioreactor used in the study. 

1)Sampling port 2)Thermometer 3)Impeller 4)pH probe 

5)Acid base inlet 6)Feed inlet 7)Light source 8)pH controller 

9)Peristaltic pump 10)Computer 11)Air compressor 

12)Influent tank 13)Vessel 

 

 

2.3 Cell Growth and Biomass Analysis 

 

The optical density of the microalgal cell was 

measured at 680 nm (OD680) using a visible 

spectrophotometer (Secomam Prim Visible Light 

Spectrophotometer, France). Meanwhile cell counts 

were performed using a haemocytometer with 

appropriate dilution. In addition, 30 mL of culture was 

harvested by centrifugation before being oven dried 

for 15 hours at 60 ºC. The mass of the wet and dry 

samples was measured. A linear regression 

relationship between optical density and the dry 

mass of the microalgae was determined as in 

Equation 1 

 

Biomass = 0.476 x OD680-0.090    (1) 

(R2 = 0.994) 

 

The biomass productivity (mg/L/day) was calculated 

as described in Equation 2 [16]: 

 

Biomass productivity = amount of biomass (mg/L) / 

   Number of days   (2) 

 

2.4 Biochemical Analyses  

 

2.4.1 Lipid 

 

The total lipid yield was extracted according to the 

protocol of Bligh and Dyer (1959) with some 

modification and measured gravimetrically (Li et al., 

2015). For each sample, approximately 100 mg of 

microalgal powder (W) was mixed with 2 mL of 

chloroform and 1 mL of methanol before incubation 

at room temperature for 24 h. The mixture was then 

centrifuged at 4000 × g for 10 mins, before 

transferring the supernatant into a pre-weighed vial 

(W1). The microalgal residue was then mixed with 1 

mL of chloroform/methanol (2:1, v/v) and 

centrifuged as described above. The supernatants 

were then dried in an oven at 70 °C until a constant 

weight (W2) achieved. The lipid content and lipid 

productivity were calculated as in Equations 3 [13] 

and 4 [16], respectively. 

 

Total lipid (% dry weight) = (W1-W2)/W x 100%  (3) 

 

Where W1 is the initial weight and W2 is the final 

weight. 

 

Lipid productivity = biomass productivity (mg/L/day) 

x Lipid yield / 100    (4) 

 

2.4.2 Carbohydrate 

 

Carbohydrate yield was measured using phenol-

sulphuric acid method. Glucose solutions in the range 

of 0 mg/L to 100 mg/L were prepared to perform a 

standard curve. 5 mg of lyophilised cells were 

suspended in 1 mL distilled water. The suspension was 

vortexed at maximum speed for 10 min. The 

pigments were extracted using 80% pre-warmed 

ethanol at 60 ºC for 15 min. The starch hydrolysis was 

conducted for three times using 60% perchloric acid 

and then incubated for 15 min at room temperature. 

After that, the sample was centrifuged for 15 min at 

4000 rpm, the supernatant was then made up to 10 

mL. 1 mL of each sample was pipetted into a test 

tube followed by addition of 1 mL of 5% phenol. The 

sample was then added with 5 mL of 96% H2SO4 and 

shaken well. After 10 mins the samples were vortexed 

and incubated in water bath for 20 mins at 25-30 ºC. 

The absorbance was measured 

spectrophotometrically at 492 nm using a 

spectrophotometer [17]. The carbohydrate 

productivity was calculated as in Equation 5. 

 

Carbohydrate productivity =  

Biomass productivity (mg/L/day) 

x Carbohydrate content / 100   (5) 

 

2.4.3 Protein 

 

Protein analysis was conducted by using Pierce BCA 

Protein Assay Kit (Thermo Scientific, USA). Each 

sample and standard solution were pipetted into test 

tube containing 2 mL of working reagent. The 

samples were mixed well before incubated into 

water bath for 30 min at 60 ºC. The samples were 

allowed to cool at room temperature before the 

absorbance measurement were taken at 562 nm. 

The measurement of the absorbance needs to be 

done within 10 mins to avoid colour degradation. 

Working reagent was used as blank for this 
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experiment. Total protein yield was determined using 

the protein standard curve and expressed as %.  
 

2.4.4 Fatty Acid Methyl Ester (FAME) 

 

Twenty mg of dried microalgae biomass was trans 

methylated with 2.5 mL of methanol mixture and 2% 

(v/v) H2SO4 at 80 ºC for two and half hours. 1 mL of n-

hexane and 1 mL of saturated NaCl solution were 

added to the suspension after it cooled, forming 

separated layers in the tube. The upper hexane layer 

containing FAME was collected for gas 

chromatograph mass spectrometer (GC/MS) 

analysis. The GC/MS analysis was conducted with an 

Agilent 7890A gas chromatograph (GC) directly 

coupled to the mass spectrometer system (MS) of an 

Agilent 5975C inert MSD with a triple-axis detector. 

The Supelco 37 component FAME mix (Supelco, USA) 

was used as FAME standard. The analysis was 

performed with DB-5MS UI column (Agilent Tech., 

USA) and 5% phenyl methylpolysiloxane at stationary 

phase. The GC/MSD Chemstation was used to 

determine all the peaks in the raw GC 

chromatogram. A library search was carried out for 

all peaks using the NIST/EPA/NIH version 2.0, and the 

results were combined in a single peak table.  

To estimate the biodiesel properties, the iodine 

value (IV), saponification value (SV), cetane number 

(CN), density, kinematic velocity (KV), high heating 

value (HHV), degree of unsaturation (DU), long-chain 

saturated factor (LCSF), and cold filter plugging point 

(CFPP) were calculated according to the empirical 

equation [18, 19, 20 & 21). The IV, SV, CN, density, ln 

(KV) and HHV were determined by Equations 6-11, 

where MW is the molecular weight, DB is the number 

of double bond and N is the percentage of each 

fatty acid component. 

 

IV= ∑ (560 x N)/MW     (6)                                

                       

SV = ∑ (254 x DB)/MW     (7)                                    

                        

CN = 46.3+(5.458/SV) - (0.225 x IV)  (8)                         

             

Density = 0.8463 + (4.9/ ∑ MW) + (0.0118 x ∑ DB) (9)                             

            

 ln (KV) = -12.503 + (2.496 x ∑ MW) - (0.178 x ∑ DB) (10) 

  

HHV = 49.43 - (0.041 x SV) - (0.015 x IV)  (11)                    

                  

The DU was calculated based on Equation 12, where 

MUFA and PUFA is the weight percentage of 

monounsaturated fatty acid and polyunsaturated 

fatty acid (wt. %). 

 

DU (%) = MUFA + (2 x PUFA)    (12)        

                  

The LCSF was estimated using Equation 13, which then 

was used to determine the CFPP in Equation 14. Both 

factors are related to chain saturation and the length 

of FAME.  

 

LCSF = (0.1 x C16) + (0.5 x C18) + (1 x C20) +(1.5 x C22) 

+ (2 x C24)      (13) 

  

CFPP = (3.1417 x LCSF) - 16.477   (14) 

 

2.5 Visualization of Lipid Body using Fluorescence 

Microscopy 

 

For fluorescence microscopy analysis, 1 mL of 

microalgae sample were harvested and centrifuged 

for 1 min at 10 000 rpm. Cell were resuspended in a 

phosphate buffered saline (PBS). The sample was 

diluted accordingly to achieve OD750 below 1 so that 

the cell was not densely pack during observation 

and the cell can absorbed the stain well. Cells were 

stained with Nile red (0.1 mg/mL Nile red in acetone) 

and incubated for 30 mins in the dark at room 

temperature. The stained cells were visualised by 

fluorescent microscope (Nicon Eclipse TE 2000-U, UK) 

and the image was viewed with NIS-Elements BR 3.0). 

Nile red stain were efficiently excited using G-2A 

(excitation 510-560 nm) using mercury lamp as 

broad-spectrum source. The samples were viewed 

under 1000 X total magnification.  

 

2.6 Observation of Starch Granule and Lipid Body 

using Transmission Electron Microscopy (TEM) 

 

For TEM analysis, the cells were pelleted by 

centrifugation (4000 rpm), followed by fixing in 4% 

glutaraldehyde for 24 hours in 0.1 M sodium 

cacodylate buffer. After washing three times in 0.1M 

sodium cacodylate buffer, the cells were then fixed 

with osmium tetroxide and cacodylate buffer (1:1) for 

2 hours. The cells were washed and dehydrated in 

graded ethanol series from 35% to 100% (v/v) and 

embedded in Epon resin. During semithin sectioning 

the sample was stained with Toludine Blue to 

determine for the appropriate area for ultrathin 

sectioning. The specimen was viewed under light 

microscope during this step. The specimen was cut 

using ultramicrotome and mounted on copper grid 

during ultrathin sectioning. The staining used for TEM 

microscopy was uranyl acetate and lead citrate. The 

micrograph was captured using (TEM Lio Libra 120, 

Zeiss, Oberkochen, Germany).  

 

2.7 Statistical Analysis 

 

The mean differences of lipid, carbohydrate and 

protein yields under nitrogen stress and control 

conditions were compared using Statistical Package 

for Social Sciences (SPSS) version 24 software. 

Independence t-test was used to determine the 

significance value for lipid and carbohydrate. 

Meanwhile, Mann-Whitney U test was used for protein 

as the data obtained were not normally distributed.  

A p value less than 0.05 was considered significant.   
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3.0 RESULTS AND DISCUSSION  
 

3.1 Lipid, carbohydrate and protein yield under 

nitrogen stress condition 

 

The lipid, carbohydrate and protein yields under 

nitrogen stress and control conditions were shown in 

Table 1 and Figure 2. In nitrogen stress condition the 

lipid yield increase from day 0 (19%) to day 14 

(36.5%), while under the control lipid yield increased 

from day 0 (19%) to day 8 (30%) before decreasing to 

28-25% afterward. In this study the lipid, carbohydrate 

and protein yields under nitrogen stress and the 

control were statistically analysed and compared 

(Table 1). It was found that, nitrogen stress condition 

showed higher lipid yield (28.53 ± 0.70) after 14 days, 

compared to the control (25.56 ± 1.26), t (35.95) = -

2.054, p = 0.047. Hence, there is a significant 

difference in lipid yield under nitrogen stress and the 

control.   

The carbohydrate yield increased from day 0 

(21%) to day 2 (23%) before the yield decreased and 

reached 14% on day 14. Meanwhile, the 

carbohydrate at controlled condition increased from 

day 0 (22%) to day 4 (28%) before dropped on day 6 

(19%) and onwards. There was homogeneity of 

variances for carbohydrate yield under nitrogen 

stress and controlled condition (p = 0.832). This study 

found that, at nitrogen stress condition lower 

carbohydrate yield (18.75 ± 0.59) was obtained after 

14 days, compared to the control (22.04 ± 0.61), t (46) 

= 3.905, p = 0.000. Therefore, there is a significant 

difference in carbohydrate yield under nitrogen stress 

and the control. Protein yield reached to 50% on day 

2 under nitrogen stress condition which is higher 

compared to the other biomolecule before 

decreasing to 33% on day 4. Protein yield under 

controlled condition increased from day 0 (18%) to 

day 6 (43%) before decreasing on day 8 to day 14. 

The statistical analysis of protein yield was conducted 

using Mann-Whitney U test as the data obtained was 

not normally distributed. From the result obtained, it 

can be concluded that the protein yield under 

nitrogen stress and controlled conditions was not 

statistically significant (U = 239, p = 0.312).  

 
Table 1 Lipid, Carbohydrate and Protein Yields under Nitrogen Stress and Controlled Conditions 

 

Days 
Yield (%) 

Lipid  p Carbohydrate p Protein p 

 Control 
Nitrogen 

stress  

0.047* 

Control 
Nitrogen 

stress  

0.000* 

Control 
Nitrogen 

stress  

0.312 0 19±2.2 19±2.3 22±0.8 21±1.5 18±0.9 44±1.1 

2 22±1.3 22±1.6 24±1.5 23±2.4 22±2.2 50±0.8 

4 25±1.2 22±2.1 

 

28±1.2 20±3.1 

 

36±1.6 33±13 

 6 28±3.2 30±3.2 19±2.5 19±1.1 43±2.1 28±2.1 

8 30±0.9 30±1.5 22±1.6 18±1.5 38±3.1 17±2.6 

10 28±2.2 33±2.8 

 

22±2.8 17±1.9 
 

 

36±2.7 15±1.5 

 12 27±1.4 35±2.1 20±1.2 16±1.7 20±2.1 12±2.4 

14 25±1.7 37±1.1 18±1.6 14±2.1 12±1.1 9±0.4 

          

Note. *Significant at probability level p < 0.05 

 

 

A study by Agirman and Cetin [22] shows that 

nitrogen stress decreased the cell growth and protein 

yield but increased the lipid yield as the carbon flow 

changes from synthesis of protein to lipid. It was 

believed that under nitrogen stress condition, the 

increase of lipid yield was due to carbon flow 

changes from protein to lipid synthesis. The reduction 

of protein yield under nitrogen stress condition is in 

accordance to the results obtained from this study. 

Based on Figure 2, carbohydrate trend was 

decreasing under nitrogen stress condition, which 

might be due to the partitioning of carbon towards 

TAG formation. It is believed that carbohydrates and 

lipid share the same fixed carbon. Figure 2 shows that 

the carbohydrate yield begins to decrease on day 4. 

At the same time, the lipid yield was increased. A 

study by Benmoussa- Dahmen et al. [23] showed that 

carbohydrate synthesis was a faster method of 

energy storage compared to the lipid, hence the 

carbon was most likely to be allocated for the 

carbohydrate synthesis at early stages. The reason for 

this carbon allocation is glucose can be directly be 

converted into carbohydrate. In contrast, fatty acid 

biosynthesis is started in chloroplast which involved 

conversion of acetyl-CoA to malonyl-CoA [24].  

It was found that during the first few days of 

nitrogen stress condition, total carbohydrate yields 

increased before decreasing few days after. At this 

time the total lipid yields also being increased. It is 

believed that the carbon partitioning under nitrogen 

stress condition is shifted from carbohydrate to 

neutral lipid including TAG as a secondary storage 

product. TAG is known as an energy-rich compound 

(38.9 KJ/g) and is more valuable compared to 

carbohydrate (̴ 17 KJ/g) [25]. Due to the fact that 

lipid is an energy rich compound leading to the 
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excess carbon being shifted from carbohydrate to 

lipid which resulted in carbohydrate degradation. 

Results of this study is in agreement to Li et al. [26] 

who reported that, after 2 days of nitrogen stress 

condition, the photosynthetically assimilated carbon 

flux was shifted from carbohydrate synthesis into fatty 

acid and neutral lipid synthesis. 

 

 

 

 
 

Figure 2 Lipid, carbohydrate and protein yields under 

nitrogen stress condition 

 

 

In this study, under nitrogen stress condition the 

synthesis of protein and nucleic acid is no longer 

conducted, as the photosynthetic product is used for 

the synthesis of nitrogen free biomass constituent. 

When nitrogen concentration decreased, 

photosynthesis rate will be reduced and changed 

the microalgae metabolism from protein synthesis 

pathway to lipid or carbohydrate synthesis pathways.  

 

3.2 Biomass, Lipid and Carbohydrate Productivity 

under Nitrogen Stress Condition 

 

Nitrogen stress condition triggered different response 

in the biomass, lipid and carbohydrate productivity. 

Some of the responses may have a negative impact 

on the others. For example, in this study, the biomass 

productivity under nitrogen stress condition is lower 

(74 mg/L/day) compared to the controlled condition 

(98 mg/L/day) (Table 2). However, the lipid yield 

under nitrogen stress condition was slightly higher 

(37%) compared to the lipid yield under controlled 

condition (25%).  

This result indicates that low lipid productivity was 

due to the less of biomass yield produced. 

Meanwhile, the carbohydrate productivity under 

nitrogen stress condition was low (12 mg/L/day) 

compared to the controlled condition (27 mg/L/day) 

(Table 2). Chu [3] stated that lipid yield increases 

under nitrogen stress condition, but production of 

biomass decreased under this situation which results 

in lower biomass productivity. This was proven in this 

study as biomass productivity under nitrogen stress 

condition was lower than controlled condition. 

However, due to lower nitrogen concentration, the 

carbon used for protein synthesis had been shifted to 

lipid synthesis causing the increase of lipid 

productivity as shown in Table 2.  

 
Table 2 Lipid and Carbohydrate Productivity under Nitrogen 

Stress Condition 

 

Condition Control Nitrogen stress 

 Yield 

(%) 

Productivity 

(mg/L/day) 

Yield 

(%) 

Productivity 

(mg/L/day) 

Biomass 22 98±2.2 15 74±2.1 

Lipid 25 25±1.5 37 27±2.5 

Carbohydrate 18 27±1.7 16 12±1.9 

 

 

3.3 Visualization of Lipid Body using Fluorescence 

Microscopy 

 

Nitrogen stress condition accumulates large amounts 

of lipid mainly in the form of TAG. The lipid 

accumulation can be observed qualitatively by 

staining the cells with Nile red dye. In this study the 

lipid body was observed as yellow fluorescence 

when dyed with Nile red (Figure 3). It can be clearly 

observed that the lipid body in yellow fluorescence 

colour was increased from day 0 until day 14. This 

result is in accordance to the high lipid yield and 

productivity under nitrogen stress condition. Lipid 

body is the main site of neutral lipid storage in 

eukaryotic cells. The lipid body function as carbon 

and energy storage during unfavourable conditions, 

acyl chains storage site for membrane synthesis, and 

plays few roles in cellular physiology [27]. The main 

composition of lipid body is TAG, which is suitable as 

biofuel feedstock.  

 

3.4 Observation of Starch Granule and Lipid Body 

under TEM 

 

Figure 4 shows lipid body and starch granule from 

TEM image of T. obliquus cell cultivated under 
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nitrogen stress condition. Lipid body and starch 

granule acts as the most important energy reserve in 

microalgae. 
 

 
 

Figure 3 Changes in lipids accumulation during nitrogen 

stress condition of T. obliquus. Lipid bodies were stained 

using Nile red and emit yellow fluorescence. Magnification 

1000X 
 

 

The TEM image taken on day 14 of nitrogen stress 

condition reveals the presence of high lipid bodies 

compared to the starch granules. According to Zhu, 

Li and Hiltunen [28] nitrogen depletion condition 

initially caused microalgae to store carbohydrate for 

the first few days then oil accumulation was triggered 

causing the decrease of starch and inhibit the 

growth of microalgae cells during this condition. A 

study by Li et al. [13] stated that lipid synthesis is 

mostly dependent on starch degradation, and study 

conducted on C. sorokiniana cells proved the 

carbon flow rerouted from carbohydrate synthesis 

towards lipid under nitrogen stress condition.  
 

 
 

Figure 4 TEM image of T. obliquus under nitrogen stress 

condition at day 14. Magnification 20000x. LB, lipid body; S, 

starch 

3.5 Composition of FAME and Biodiesel Properties 

 

Biodiesel properties are influenced by the fatty acid 

composition of the feedstock oil. The fatty acid of T. 

obliquus under nitrogen stress condition was 

analysed to investigate the compatibility of the FAME 

produced for biodiesel application. The FAME profile 

of T. obliquus analysed by GC/MS was presented in 

Table 3.  

 
Table 3 Fatty Acid Profile of T. Obliquus by GCMS 

 

Common name 
Lipid 

number 
Type FAME (%) 

Palmitic acid C16:0 SFA 43.33 

Linolenic acid C18:3 
 

PUFA 

 

29.36 

8,11-

Octadecadienoi

c acid 

C18:2 
 

PUFA 
17.66 

7,10-

Hexadecadienoic 

acid 

C16:2 PUFA 7.05 

Palmitoleic acid C16:1 MUFA 2.13 

Oleic acid C18:1 MUFA 0.47 

 

 

The most abundant fatty acid composition in T. 

obliquus were palmitic acid (C16:0) with a 

composition of more than 43.33% followed by 

linolenic acid (C18:3) with 29.36%, 8,11- 

octadecadienoic acid (17.66%), 7,10- 

hexadecadienoic acid (7.05%) palmitoleic acid 

(2.13%) and oleic acid (0.47%). The total saturated 

fatty acid (SFA) obtained in this study was 43.33% 

while the PUFA was 54.07%, and the lowest yield 

attained was monounsaturated fatty acid (MUFA) at 

only 2.6%. This study is in accordance to Chen et al. 

[29] where the highest content of fatty acids 

reported were palmitic, stearic, oleic, linoleic, and 

linolenic acid (C16 to C18). A study by Sharmin et al. 

[30] stated that the most profound fatty acid found is 

palmitic acid, which is in agreement with our findings. 

Similar results were also reported by Yang et al. [8] 

where they found the most dominant fatty acid were 

palmitic and oleic acid.  Venkata & Devi [31] in their 

study stated that lipid synthesis occurred in four step-

processes. The first step was lipid accumulation inside 

cell, followed by formation of acetyl-CoA and 

malonyl-CoA. The third step was the synthesis of 

palmitic acid and the fourth step is the synthesis of 

higher fatty acid by chain elongation. The findings 

from Venkata et al. (2014) explain the high content 

of palmitic acid obtained in our study. 

Another study by Jena et al. [32] reported that 

there was a significant amount of palmitic acid (19.5-

30.3%) in Chlorococcum sp., Chlorella sp., and 

Scendesmus sp. The composition of biodiesel from 

this study was comprised of 43.33% SFA and 54.07% 

PUFA. SFA is more suitable for the usage in temperate 

weather country due to the lack of double bond, 

causing the biodiesel to have higher oxidative 
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stability. In contrast, biodiesel with higher PUFA 

content is mostly used in cold weather country as 

they have lower oxidative stability due to the 

presence of a double bond. But, compared to SFA, 

the PUFA possess higher melting point. For biodiesel 

application, the fatty acid mixture can be separated 

into two different friction of saturated and 

unsaturated fatty acid by using different industrial 

methods based on fatty acid properties or by using 

an organic solvent to improve the phase separation 

[33]. Once the fatty acid mixture was separated, it 

can be utilised as biofuel feedstock according to the 

temperature suitability. The temperature for 

temperate and cold weather countries were 

reported in the range of 10 to 22 ºC and -3 to 10 ºC, 

respectively [34. 35]. 

Biodiesel properties are essential factors to 

determine its suitability for engine performance and 

emission. The most important properties that 

influence the utilization of biodiesel fuels are, cetane 

number, viscosity, higher heating value, and density 

as they determined the fuel quality while providing 

the input data for predictive engine combustion 

model [20]. Table 4 shows the biofuel properties of T. 

obliquus in comparison to EN 14214 (European) and 

ASTM D6751 (United State). In general, the biofuel 

properties obtained under nitrogen stress condition 

was within the range of biodiesel standard, making it 

suitable to be used in cold weather country.  

 
Table 4 Biofuel Properties of T. obliquus 

 

Property 
EN 

14214 

ASTM 

D6751 
Control 

Nitrogen 

stress 

IV (g 

I2/100g) 

< 130 - 
122.68±1.21 102.07±3.74 

SV < 120 - 206.07±4.36 210.12±3.84 

CN > 51 > 47 45.18±1.84 49.30±0.33 

DU - - 124.18±3.48 110.74±3.52 

LCSF (%) - - 3.791±1.54 4.33±0.88 

CFPP (°C) 
≤ 5/ ≤ -

20 

- 
-4.56±0.93 -2.86±1.57 

Density 

(kg/L) 

860 – 

900 

- 
910±0.42 940±2.39 

KV at 

40°C 

(mm2/s) 

3.5 – 

5.0 

1.9 – 

6.0 3.31±0.86 4.55±0.72 

HHV 

(MJ/kg) 

- - 
41.31±3.59 45.28±1.57 

Flash 

point (
o
C) 

> 120 > 93 210.21 ± 4.2 232.52 ± 5.6 

 

 

4.0 CONCLUSION 
 

From this study it can be concluded that lipid yield 

and productivity were significantly higher under 

nitrogen stress condition than the control. It was 

found that the carbohydrate and protein content 

decreased after 4 days of culture period, indicating 

that the fixed carbon was shifted towards lipid 

synthesis. The properties of biodiesel produced by T. 

obliquus UPSI-JRM02 under nitrogen stress condition 

complied with the biodiesel standard and 

demonstrated the suitable biodiesel properties for 

application in cold weathered country. Therefore, T. 

obliquus UPSI-JRM02 can be a promising biodiesel 

feedstock for future biomass energy application.  
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