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Abstract 

 
Tetraselmis sp. and Nannochloropsis sp. are common marine microalgae used as substrates for production 

of biodiesel which is the third generation alternative energy. Recently, wavelength of light is believed to 

influence the growth of marine microalgae. In this investigation, two different types of light wavelength; 
red and blue which can influence the production of microalgae were investigated. The marine microalgae 

growths were observed in terms of biomass which was then measured using the UV-vis 

spectrophotometer. The results showed that both Tetraselmis sp. and Nannochloropsis sp. grow better in 
the blue light compared to the red light indicated by the higher absorbance readings. 
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Abstrak 

 

Tetraselmis sp. dan Nannochloropsis sp. ialah mikroalga marin biasa digunakan sebagai substrat untuk 

pengeluaran biodiesel yang merupakan generasi ketiga tenaga alternatif. Baru-baru ini, jenis panjang 
gelombang cahaya yang dipercayai mempengaruhi pertumbuhan alga marin. Dalam penyiasatan ini, dua 

jenis panjang gelombang cahaya, merah dan biru yang akan mempengaruhi pengeluaran mikroalga telah 

disiasat. Pertumbuhan mikroalga marin diperhatikan dari segi biomas yang kemudiannya diukur dengan 
menggunakan spektrofotometer UV-vis. Hasil kajian menunjukkan bahawa kedua-dua Tetraselmis sp. 

dan Nannochloropsis sp. berkembang lebih baik dalam cahaya biru berbanding dengan lampu merah yang 

ditunjukkan melalui bacaan keserapan yang lebih tinggi. 
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1.0  INTRODUCTION 

 

The world has been plagued in the last decade with energy 

problems, associated with irreversible reduction of traditional 

material of fossil fuels, unsustainable use of energy, accumulation 

of greenhouse gases in the atmosphere and global warming 

problem. With the necessary need to decrease carbon production 

and the decreasing reserves of crude oil, liquid fuels derived from 

plant material also called biofuels appear to be an attractive 

substitute source of energy. Compared with other forms of 

renewable energy in the world such as wind, tidal and solar, 

biofuels allow energy to be chemically stored, and can also be 

used in existing engines and transportation infrastructures after 

combining with various degrees with petroleum diesel [1]. 

  At present, the most popular available form of biodiesel 

comes from such oil crops such as sugar cane, oil palm, oilseed 

rape and soybean. However, there are concerns about 

sustainability of this mode of production: to produce 2,500 billion 

liters of biodiesel from oilseed rape. In order to meet the current 

demand of petroleum diesel in the whole United Kingdom, 17.5 

Mha would be required for the plantation of such crops which is 

more than half the land area of United Kingdom. Furthermore, the 

production of biodiesel process is energy saving and less 

greenhouse gas emissions effect. Example material of biodiesel 

production such as oilseed rape or soya [2] 

  Microalgae are photosynthetic microorganisms that convert 

sunlight, water and carbon dioxide to algal biomass. Many 

microalgae are exceedingly rich in oil [3], which can be converted 

to biodiesel using existing technology. Recently, significant 

research efforts have focused on the production of biofuel from 

microalgae. Compared with other available feedstocks, 

microalgae possess several advantages for biodiesel production 

including: fast growth, high photosynthetic efficiency, high oil 

content, and the fact that microalgae can obtain nutrients from 

water unsuitable for human consumption. In addition, microalgae 

require a smaller land area compared to other feedstocks [4, 5]. 
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Microalgae are discovered to have higher photosynthetic 

efficiencies than most photoautotrophic living things and have ten 

to fifty times higher carbon elimination efficiencies than other 

terrestrial floras [6]. Light is an essential parameter in 

photosynthesis and is important for microalgae photoautotrophic 

growth. When there is insufficient light supply, the growth of 

microalgae is under photo limitation condition. It can be 

concluded that the light intensity increase will improve the 

microalgae growth until a saturation stage. The growth of 

microalgae becomes negative when the light intensity is more 

than optimum or saturation condition of light intensity. The 

microalgae growth is then said to be undergoing photo inhibition 

condition [7, 8]. Biomass cultivation of microalgae is in general 

carried out under regular light intensity. However, at the 

beginning of the lag stage, the light intensity used may be so high 

when the number of microalgae cells are low and can be 

considered under a state of photo inhibition. On the other hand, 

the growth of microalgae to a moderately dense broth can cause 

strict light attenuation due to mutual shading. In this condition, 

the state of photo limitation could be considered for the 

microalgae cells in the zone which is far away from the light 

source. A lumostatic process is thus developed to improve the 

microalgae growth by optimizing the light energy supply. In a 

lumostatic procedure, light is supplied in a continuous increasing 

method in order to avoid photo inhibition and photo limitation [9-

19] Chlorophyll is an important constituent of the chloroplast that 

is responsible for photosynthesis. In the different forms of 

chlorophyll, chlorophyll ‘a’ is the main pigment for the 

conversion of light energy to chemical energy. The presence of 

chlorophyll ‘a’ is found to be helpful for the photosynthesis 

reaction in microalgae [20]. 

  A majority of the microalgae cultivation are using open 

ponds which use solar energy [21]. In outdoor cultivation of 

marine microalgae, light source from sunlight is the main source, 

while the artificial light source such optical fiber or LED are 

suitable for indoor cultivation of marine microalgae. Some studies 

reported [21] that conventional artificial light source produce 

higher biomass due to large illumination area, high stability of 

light source and low construction cost. In LED the light source 

consumes lower energy and has longer life-expectancy, lower heat 

generation, low construction cost and ability to tolerate higher 

frequency of no-off switching [21].  

  In order to cultivate marine microalgae commercially, a 

durable, reliable, low cost and high efficiency light source is 

required. If the light source has a narrow spectral output that 

overlaps the absorption spectrum of photosynthesis, the emission 

of light in the unusable frequencies would be eliminated, directly 

advancing the whole energy conversion. Nowadays, among the 

variety of light sources, light-emitting diodes (LEDs) are the only 

ones that can achieve this criteria. LEDs are light and small 

enough to fit into almost any type of photobioreactor and their 

advantages such as lower heat generation, longer life-expectancy, 

higher conversion efficiency and others [21] has made them 

commercially viable. 

 

 

2.0  EXPERIMENTAL 

 

2.1  Microalgal Cultures  

 

The marine microalgae strain was bought originally from BioMac 

Ltd now known as Algae Tech (Ltd). Tetraselmis sp. and 

Nannochloropsis sp. was maintained in Walne’s medium agar 

which contains 15% agar (1 L Walne’s medium was mixed with 

15 g agar powder). 

 

2.2  Inoculation of Microalgae to Culture Medium  

 

The marine microalgae strains Tetraselmis sp. and 

Nannochloropsis sp. which were maintained in dormant condition 

(in agar plate) were inoculated into Walne medium which is 

shown in Table 1: 

 
Table 1  Walne medium formulation 

 

Walne medium (per litre) 

Nitrogen Sources: 

100.0 g NaNO3 
20.0 g NaH2PO4.2H2O 

1.3 g FeCl3.6H2O 

33.6 g H3BO3 
45.0 g Na2EDTA.2H2O 

Trace elements: 

2.1g ZnCl2 
0.36g MnCl2.4 H2O 

0.9g (NH4)6MO7O24.4H2O 

2.0 g CoCl2. 6H2O 
2.0 g CuSO4.5H2O 

Vitamin Solution (per 100 ml): 

0.01 g Thiamine 
0.01 g Vitamin B12 

0.0002 g Biotin 

 

 

  The Tetraselmis sp. and Nannochloropsis sp. were inoculated 

in different 150 ml shake flasks which contain 10 ml microalgae 

and 40 ml medium. The cultivation was performed at 21oC ±0.5oC, 

pH 7.8±0.2 and under a light intensity of 100 mol m-2s-1 with a 

24:0 light-dark cycle for 16 days so as to give enough time to 

activate the Tetraselmis sp. and Nannochloropsis sp. which were 

inoculated from agar plate. The cultures were then placed onto 

orbital shakers to avoid sedimentation. 

 

2.3  Cultivation of Marine Microalgae Under Wavelength of 

Light 

 

After 16 days, Tetraselmis sp. and Nannochloropsis sp. were 

cultivated in Walne medium with 10% starting inoculum taken 

from stock culture. The marine microalgae, Tetraselmis sp. was 

cultivated at 21oC ±0.5oC and pH 7.8±0.2 under red and blue 

L.E.D illumination (LH-R30T50X-DF, Sun Led Company, 

China) of 100 mol m-2s-1 with a 24:0 light-dark cycle with 

aeration condition as the control growth environment. The whole 

set up was placed in an enclosed box. The marine microalgae 

growths were measured using the optical density (OD) method. 

Samples were taken every two days for 18 days where OD 

readings were taken using a UV-vis spectrophotometer at 540 nm. 

Each experiment was performed in duplicates so as to ensure 

reproducibility of results. 

 

2.4  Observation of Marine Microalgae Under Microscope 

 

The cultures were sampled at every 24 hr interval and microalgal 

growth was observed by a light microscope (Olympus CX21, 

Japan). 
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3.0  RESULTS AND DISCUSSION 

 

3.1  Effect of the Growth Rate in Different Wavelength of 

Light 

 

Figure 1 shows Tetraselmis sp. grows better under blue light 

compared to red light. This can be seen from the higher growth 

rate observed for Tetraselmis sp. under Walne medium. Figure 1 

clearly shows that the blue illumination condition results in higher 

biomass starting from the 2nd day when compared with red light 

condition. The biomass from all the species steadily increased 

starting from day 1 until around day 16. After day 16 the growth 

tends to slow down and remain stationary with time due to 

nutrient depletion and wastes start to accumulate in the culture 

medium.  

  Similar results are shown in Figure 2, Nannochloropsis sp. 

also grows better under blue light condition compared to red light 

condition. This could be seen from the higher growth rate 

observed for Nannochloropsis sp. grown under blue illumination 

condition. Figure 2 clearly shows that blue light condition has 

higher biomass starting from day 4 when compared with red light 

condition. The amount of biomass increased steadily from day 1 

until around day 16. Similarly after day 16 biomass growth 

slowed down and remained almost stationary with time in blue 

light condition.  

  The results show that there is a significant difference 

between the growth of Tetraselmis sp. and Nannochloropsis sp. 

culture under different wavelength of light (Figure 1 and 2). This 

indicated that change in the wavelength of light influenced the 

growth rate of Tetraselmis sp. and Nannochloropsis sp. during 18 

days of cultivation due to chlorophyll ‘a’ which is at a maximum 

at two points (430 and 662 nm) which influenced the grow of 

biomass. The blue light wavelength was around 420-450 nm and 

the red light wavelength was around 660-700 nm. Thus the blue 

light wavelength tends to be narrower and thus closer to the 

chlorophyll ‘a’ wavelength requirement. The author suggested 

that blue light condition was a better medium than red light in 

cultivation of Tetraselmis sp. and Nannochloropsis sp. Ruyters 

[22] stated that blue light enhanced in the regulation of activation 

of enzymes and gene transcription. When cell was damaged by 

red light, the blue light allows the cell to repair by exposure to 

low intensity of blue light. The growth rate and biomass 

production of marine microalgae were related to the type of light 

wavelength [23]. In addition, Madiha [24] reported the blue LED 

allows the light intensity to penetration deep into the batch culture 

thus enhanced the doubling of microalgae and cell density 

increased faster. 

 

 
Figure 1  Tetraselmis sp. growth curve in different wavelength of light 

 

 
 

Figure 2  Nannochloropsis sp. growth curve in different wavelength of 

light 

 

 

3.2  Observation of Marine Microalgae Under Microscope 

 

Tetraselmis sp. is a green marine microalga [25]. This type of 

microalgae is one of the motile phytoplankton which has 4 

flagella. Tetraselmis sp. is very important as the main supplier of 

energy and organic substances in aquatic ecosystems, an 

important food and fatty acids for sea animals. Tetraselmis sp. 

contains high concentration of natural lipid and also produces 

amino acids that arouse feeding of other aquaculture [25]. Figure 

3 shows that Tetraselmis sp. can grow aggressively under both 

blue and red light separately but results from Figure 1 show that 

Tetraselmis sp. prefer the blue light. 

 

 
 

Figure 3  Tetraselmis sp. under magnification of 100x 

 

 

  Nannochloropsis sp. (Monodopsidaceae and 

Eustigmatophyceae) live in waters with high level of nutrients for 

example estuaries and coastal waters which have very important 

supply of 5-3 LC-PUFA eicosapentaenoic acid (EPA; 20:5 5-3) 

and famously used in marine organisms nutrition [26]. 

Nannochloropsis sp. is also a perfect choice for biomass 

cultivation for biodiesel production [27] because it produces high 

levels of triacylglcerol under nutrient starvation. Figure 4 shows 

that Nannochloropsis sp. can grow actively under both the blue 

light and red light. However results in Figure 2 exhibits better 

growth rate under blue light. 

 

0

0.5

1

1.5

2

2.5

0 5 10 15 20

A
b

so
rb

a
n

ce
 (

5
4

0
n

m
)

Time (Days)

Red light for

Tetraselmis sp.

Blue light for

Tetraselmis sp.

0

0.5

1

1.5

2

2.5

0 5 10 15 20

A
b

so
rb

a
n

ce
 (

5
4

0
n

m
)

Times (Days)

Red light for

Nannochloropsis

sp.

Blue light for

Nannochloropsis

sp.



100                                                           Ani Idris et al. / Jurnal Teknologi (Sciences & Engineering) 67:3 (2014), 97–100 

 

 

 
 

Figure 4  Nannochloropsis sp. under magnification of 100x 

 

 

4.0  CONCLUSION 

 

Tetraselmis sp. and Nannochloropsis sp. were successfully 

cultivated in Walne’s medium within 18 days. According to the 

initial results, the blue light seems to be more suitable than the red 

light for the marine microalgae.  

 

 

Acknowledgement 

 

Financial support from Universiti Teknologi Malaysia (Research 

University Grant/ QJ1300.7125.00H03) for this research is 

gratefully acknowledged. 
 

 

References 

 
[1] Singh, J. and Gu, S. 2010. Commercialization Potential of Microalgae for 

Biofuels Production. Renew Sustain Energy Rev. 14: 596–610. 

[2] Hill, J., Nelson, E., Tilman, D., Polasky, S. and Tiffany, D. 2006. 

Environmental Economic and Energetic Costs and Benefits of Biodiesel 

and Ethanol Biofuels. Proc Natl Acad Sci USA. 103: 11206–11210. 

[3] Chisti, Y. 2007. Biodiesel from Microalgae. Biotechnol. Adv. 25: 294–

306. 

[4] Banerjee, A. 2002. Botryococcus Braunii: A Renewable Source of 
Hydrocarbons and Other Chemicals. Crit. Rev., Biotechnol. 22: 245–279. 

[5] Antoni, D., Zverlov, V. V. and Schwarz, W. H. 2007. Biofuels from 

Microbes. Appl Microbiol Biotechnol. 77: 23–35. 

[6] Li,Y., Horsman, M., Wu, N., Lan, C. Q. and Dubois-Calero, N. 2008. 

Biofuels from Microalgae. Biotechnology Progress. 24: 815–820. 

[7] Adir, N., Zer, H., Shochat, S. and Ohad, I. 2003 Photoinhibition–A 

Historical Perspective. Photosynthesis Research. 76: 343–370. 
[8] Ragni, M., Airs, R. L., Leonardos, N. and Geider, R. J. 2008. 

Photoinhibition of PSII in Emiliania huxleyi (Haptophyta) under High 

Light Stress: The Roles of Photoacclimation, Photoprotection, and 

Photorepair. Journal of Phycology. 44: 670–683. 

[9] Choi, S. L., Suh, I. S. and C. G. Lee. 2003. Lumostatic Operation of 

Bubble Column Photobioreactors for Haematococcus pluvialis Cultures 

Using a Specific Light Uptake Rate as a Control Parameter. Enzyme and 

Microbial Technology. 33: 403–409. 

[10] Das, P., Lei, W., Aziz, S. S. and Obbard, J. P. 2011. Enhanced Algae 

Growth in Both Phototrophic and Mixotrophic Culture under Blue Light. 

Bioresource Technology. 102: 3883–3887. 
[11] Das, P., and Obbard, J. P. 2011. Incremental Energy Supply for 

Microalgae Culture in a Photobioreactor. Bioresource Technology. 102: 

2973–2978. 

[12]  Kang, C. D., Han, S. J., Choi, S. P. and Sim, S. J. 2010. Fed-Batch 

Culture of Astaxanthin-Rich Haematococcus pluvialis by Exponential 

Nutrient Feeding and Stepwise Light Supplementation. Bioprocess and 

Biosystems Engineering. 33:133–139. 
[13] Lee, H. S., Kim, Z. H., Jung, S. E., Kim, J. D. and Lee, C. G. 2006. 

Specific Light Uptake Rate can be Served as A Scale-up Parameter in 

Photobioreactor Operations. Journal of Microbiology and Biotechnology. 

16: 1890–1896. 

[14] Lee, H. S., Seo, M. W., Kim, Z. H. and Lee, C. G. 2006. Determining the 

Best Specific Light Uptake Rates for the Lumostatic Cultures in Bubble 

Column Photobioreactors. Enzyme and Microbial Technology. 39: 447–

452. 
[15] Park, K. H. and Lee, C. G. 2001. Effectiveness of Flashing Light for 

Increasing Photosynthetic Efficiency of Microalgal Cultures over A 

Critical Cell Density. Biotechnology and Bioprocess Engineering. 6: 

189–193. 

[16] Suh, I. S. and Lee, S. B. 2001. Cultivation of A Cyanobacterium in An 

Internally Radiating Air-lift Photobioreactor. Journal of Applied 

Phycology. 13: 381–388. 

[17] Wahal, S. and Viamajala, S. 2010. Maximizing Algal Growth in Batch 
Reactors Using Sequential Change in Light Intensity. Applied 

Biochemistry and Biotechnology. 161: 511–522. 

[18] Yoon, J. H., Shin, J. H. and Park, T. H. 2008. Characterization of Factors 

Influencing the Growth of Anabaena variabilis in a Bubble Column 

Reactor. Bioresource Technology. 99: 1204–1210. 

[19] Yoon, J. H., Shin, J. H., Ahn, E. K. and Park, T. H. 2008. High Cell 

Density Culture of Anabaena variabilis with Controlled Light Intensity 
and Nutrient Supply. Journal of Microbiology and Biotechnology. 18: 

918–925. 

[20] Fleischer, W. E. 1935. The Relation between Chlorophyll Content and 

Rate of Photosynthesis. The Journal of General Physiology. 18: 573–597. 

[21] Chun-Yen Chen, Kuei-Ling Yeh, Rifka Aisyah, Duu-Jong Lee, Jo-Shu 

Chang. 2011. Cultivation, Photobioreactor Design and Harvesting of 

Microalgae for Biodiesel Production: A Critical Review Bioresource 

Technology. 102: 71–81. 
[22] Ruyters, G. 1984. Effects of Blue Light on Enzymes. Blue Light Effects 

in Biological System. Proc. Life Sci. 283–301. 

[23] Shu, C. H, Tsai, C. H., Liao, W. H., Chen, K. Y, Huang, H. C. 2012. 

Effects of Light Quality on the Accumulation of Oil in a Mixed Culture 

of Chlorella sp. and S. Cerevisiae J. Chem. Technol. Biotechnol. 87: 

601–607. 

[24] Madiha Atta, Ani Idris Ataullah Bukhari, Suzana Wahidin. 2013. 

Intensity of Blue LED Light: A Potential Stimulus for Biomass and Lipid 
Content in Fresh Water Microalgae Chlorella Vulgaris. Bioresource 

Technology. 148: 373–378. 

[25] Muller-Feuga, A.; Moal, J.; Kaas, R. 2003. The Microalgae of 

Aquaculture. In: Støttrup, J.G.; McEvoy, L.A. (eds.): Live Feeds in 

Marine Aquaculture. Oxford. 206–252. 

[26] Sukenik, A. 1998. Production of Eicosapentaenoic Acid by the Marine 

Eustigrnatophyte Nannochloropsis sp. Indian Cohen, Z. (Ed.), Chemicals 
from Microalgae. Taylor and Francis, London. In Press. 

[27] Rodolfi L., Chini Zittelli, G., Bassi, N., Padovani, G., Biondi, N., Bonini, 

G., Tredici, M. R. 2009. Microalgae for Oil: Strain Selection, Induction 

of Lipid Synthesis and Outdoor Mass Cultivation in a Low-cost 

Photobioreactor. Biotechnology Bioengineering. 102: 100–112. 

 

 
 

http://www.sciencedirect.com/science/article/pii/S096085241301420X
http://www.sciencedirect.com/science/article/pii/S096085241301420X
http://www.sciencedirect.com/science/article/pii/S096085241301420X
http://www.sciencedirect.com/science/article/pii/S096085241301420X
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524
http://www.sciencedirect.com/science/journal/09608524/148/supp/C



