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 Background: Diatoms are very photosensitive and well known for their changes of 
direction in different light conditions. The light energy is detected by diatom at the 
apex of the cell. Diatom needs light energy to manufacture food and increase the cell 
density for itself. Objective: In this study, we tested the influence of four different 
light intensities on the batch cultures of two diatom species. The growth rate, dry cell 
weight and chlorophyll a were correlated with lipid accumulation for biodiesel 
production. Results: The growth rates of Amphora sp. and Gyrosigma sp. both 
recorded the highest point for the highest light intensity (40 µmol m-²s-¹) which are 
0.2860 d̄ˡ and 0.3067 dl̄ respectively. The highest dry cell weight resulted using the 
highest light intensity as well where both documented 0.1354 g and 0.1683 g. At the 
highest light intensity, the chlorophyll a reading were 0.1779 ± 0.0059 and 0.1744 ± 
0.0133. Conclusion: In short, the strength of light energy is believed to influence the 
growth of microalgae, chlorophyll a, microalgal biomass and its lipid content for 
biodiesel production purposes.  
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INTRODUCTION 

 
The usual application of petroleum from fossils has expressed a question mark in continuous supply to 

human demand in near future. Hence, there should be a substitute energy source to replace it. Microalga is 
considered as an ancient life form on earth. It is prehistoric plant life which is lacking of true roots, stems and 
leaves. It is also recognized as the main component in the marine food chain that covers almost 71% of the 
earth’s surface. Mainly, it has a high promising added value in biodiesel production due to high oil content in it. 
Therefore, it is identified as an ideal feedstock for biodiesel production with less land capacity usage and high 
CO2 capturing tool in short time [1]. Single celled microalga is the most productive autotrophic organisms that 
can be found in nature because of their high efficiency of photosynthetic ability and lack of heterotrophic tissues 
[1, 2, 3]. Thus, light energy is an important factor which will affect the photosynthetic and growth rate of 
microalgae. According to Cheirsilp [4], the light and dark regime is important for the microalgae to carry out its 
photosynthesis process. During the day time, microalgae will produce Adenosine triphosphate (ATP) and 
Nicotinamide adenine dinucleotide phosphate-oxidase (NADPH) in the photochemical phase. At night time, the 
essential molecules will be synthesized and used for lipid synthesis.  

Third generation of fuel technology is decently based on microalga, which can produces high yield of bio-
oils. In fact, microalgae are the highest yielding feedstock available for biodiesel generation compared to other 
conventional crops. For instance, it can produces 250 times oil generation more than the amount of per acre of 
soybeans [5]. Biodiesel from microalgae may be the only way to produce enough and clean automobile biofuels 
to replace current fossil petroleum in use. Microalgae produce 7 to 31 time’s greater oil than palm oil seed and 
rest of oil seeds [6]. The most suitable algae for biodiesel production will be microalgae compared to macro 
sized algae (seaweed) [7]. This present study will purely determine the optimization of photosynthetic light on 
microalgae (diatom) for biodiesel production under different light intensities and the effect of it on growth rate, 
chlorophyll a, microalgal biomass and lipid contents.  
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MATERIALS AND METHODS 
 

Sample Collection: 
The microalgae samples were collected from Balok Coast, East Coastal region of Peninsular Malaysia using 

5μm plankton net at the subsurface level of the water. The study location of Balok Coast, Kuantan is at Latitude 
3° 56´ 59" N, 103° 22´ 3" E. 

 
Isolation of Microalgae: 

The water samples were filtered through Whatman Qualitative Filter Papers (110mm pore size) that hold 
specific pore size filter membranes to retain the organisms of interest while permeating others. After that, the 
filtered membranes were washed with distilled water for few times. The microalgae samples were cleaned and 
isolated [8]. 

 
Identification and Screening of Microalgae: 

 The colonies were found on the plate and a single microalga was picked. The samples were screened by 
SEM (Scanning Electron Microscopy) for their morphological studies. The microalgae species were identified 
by referring to the Microalgae Standard Manual. 

 
Pre-Cultivation of Microalgae: 

The microalgae were pre-cultured in a 50ml Erlenmeyer flask of f/2 culture medium [9] under light and 
dark conditions with a regimen of 16 h and 8 h at 25 + 2oC temperatures. 

 
Mass Cultivation of Microalgae under Different Light Intensities: 

 The stock cultures were mass cultivated in 2 liters Erlenmeyer flask containing f/2 culture medium under 
continuous illumination by white fluorescent light in a light box with 16 hour period of light. The light 
intensities were 6, 10, 16 and 40 µmol m-2s-1. The cultures were aerated and maintained at 25 + 2oC temperature. 

 
Determination of microalgae growth rate: 

The microalgae dry cell weight was determined by cell counting method. Number of cell determined in the 
interval of 24 hours by direct counting of cell on Neubour Haemocytometer [10]. The specific growth rate (μ) 
and doubling time were determined and calculated by using equations as follow [11]: 
 

μ =                                                     (1) 

 
T2 = 0.6931/μ                                                        (2) 

 
where μ is the specific growth rate, T2 is the doubling time, and finally X₂ and X₁ represents a parameter of 

cell number at time t₁ and t₂. 
 

Microalgal biomass determination: 
Biomass and lipid estimation was carried out by sampling at the end of exponential phase of growth. For 

the analysis of biomass, known volume of algal suspension was filtered through a pre-dried and pre-weighed 
glass fiber filter (GF/C). The filter paper with biomass of algae was then dried at 80 _C for 6 h and weighed 
until the constant dry weight, allowed to cool in the desiccator and then weighed again [10]. 

 
Determination of Chlorophyll a: 

The cultures were filtered and the filters were torn into quarters with forceps. The filtered cells were placed 
in a centrifuge tube and 90% of acetone solution was added [12]. This is to separate the chloroplasts from the 
algae cell. The cells were centrifuged at 4000 rpm for 20 minutes to settle the pellets and debris and then 
aspirate the supernatant in a darkened condition. The chlorophyll concentration of the supernatant was measured 
via optical density at 665 nm [13].  

 
Lipid Content Analysis: 

According to Sathya [14], 0.1 mg of Nile red (9-diethylamino-5H-benzo[α]phenoxazine-5-one) was 
dissolved in 1ml of acetone. 4.0 ml of algal culture was mixed well with 0.04 ml of Nile red solution and 
incubated for five minutes in darkness.  Fluorescence measurements were made at 550 nm wavelengths [15].  
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Lipid Extraction from Microalgae: 
The microalgae samples were harvested at 13th day and centrifuged at 6000 rpm for 20 minutes. The 

samples were lyophilized at -80°C for overnight before undergo freeze drying process. The microalgae lipid 
extraction procedure was adapted from the protocol described by Bligh and Dyer [16]. At exponential stage, 0.2 
g of microalgal powder was harvested by centrifugation process for 3 to 6 minutes at 5500 rpm [17]. The known 
amount of sample was exceptionally mixed with 2:1 ratio of chloroform and methanol. The filtrate was 
extracted 2-3 times with chloroform until it turns to colorless. In further, the filtrate was collected and added 
with 0.9% NaCl solution which will form a biphasic layer (1/3 of the total volume). The lower organic (CHCl3) 
layer containing the lipid components was collected in a clean pre-weighed glass vial. The solvent was 
evaporated at 60°C in a water bath to near dryness and dried in desiccators under reduced pressure over 
anhydrous Na2SO4. The dried lipid extract was measured gravimetrically and expressed in gram per liter (gl-1) of 
total lipids per dry cell weight (DCW).  

 
RESULTS AND DISCUSSIONS 

 
Identification and Screening of Microalgae; 
Fluorescence Microscope: 

There were two species of microalgae obtained from the Balok Coast, East Coastal region of Peninsular 
Malaysia. After cleaning process, the microalgae were cultivated on agar plates and a single colony was picked. 
Next, the colonies were observed under fluorescence microscope as shown in Fig. 1a and Fig. 1b.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1:  Image of Amphora sp. (a) and Gyrosigma sp. (b) under fluorescence microscope with magnification of 
100X.  

 
Scanning Electron Microscopy: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Scanning Electron Microscopy (SEM) structures of Amphora sp. (a) and Gyrosigma sp. (b). 
 
Based on Fig.2a, the valves of Amphora sp. are semi-elliptical, dorsal margin smoothly arched, ventral 

margin concave. Valves ends narrowly rounded. Axial area narrow, raphe arched and positioned towards ventral 
margin with proximal and distal ends deflected dorsally [20]. Moreover, the valves of Gyrosigma sp. [Fig.2(b)] 

b a 

a b 
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are slender and sigmoid in outline, smoothly tapering to acutely rounded ends. The central area is small and 
longitudinally elliptical. The raphe is central and straight for half its length, except near the distal ends where it 
follows a sigmoid shape and is slightly eccentric toward each convex side [21]. Inside the glass shells, diatoms 
have a nucleus containing DNA and other storage vesicles [22] and they are screened for high lipid content [23].  

 
Effect of light intensities on growth of Amphora sp. and Gyrosigma sp: 

The microalgae species of Amphora sp. and Gyrosigma sp. were grown under different light intensities 
showed a significant growth effect on cell growth pattern from Day 0 to Day 13. The specific growth rate (μ) 
was calculated by using the equation (1). Fig. 3 and Fig. 4 illustrated the exponential growth curves of Amphora 
sp. and Gyrosigma sp. respectively. As shown in Fig. 3 and 4, at the 13th day, the Gyrosigma sp. exhibit a high 
growth rate of 0.3067 d̄ˡ (at 40 µmol m-²s-¹) whereas Amphora sp. grows slower than Gyrosigma sp. but still the 
highest among itself which records 0.2860 dˉˡ (at 40 µmol m-²s-¹). A gradual increase in light intensities related 
with an increase in the both growth and microalgal biomass. From the results obtained, can be concluded that 
two microalgae (diatom) shows a high tolerance towards the increasing light regime. In an independent research 
stated by Diffusa et al. [24] on the growth rate of two Scenedesmus species which halted at one point with 
further gradual increase in light intensities. It is also noted that high light intensities may damage the bioactivity 
and minimizes the adaptability of microalgae in different growth conditions. Conversely, light intensities in 
reality (nature) can increase about 2,000 µmol m-²s-¹, which maybe can limit or maybe not, it depends on the 
nature of the microalgae itself. Nevertheless, further rise in light irradiance beyond capacity point will inhibits 
the cell activity due to photo inhibition factor [24].   
 

 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Effect of light intensities on growth of Amphora sp. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Effect of light intensities on growth of Gyrosigma sp. 
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Effect of light intensities on chlorophyll a of Amphora sp. and Gyrosigma sp. at 665nm:  
The result of the study revealed that, the high light intensity (40 µmol m-²s-¹) not only enhanced the specific 

growth rate and microalgal, it also increases the chlorophyll a content in microalgae (diatom). Based on the 
Fig.5, the chlorophyll a of Amphora sp. found highest point (0.1779 ± 0.0059 mg/g) at the highest light intensity 
(40 µmol m-²s-¹) and lowest point (0.0646 ± 0.0049 mg/g) at the lowest light irradiance. Based on Fig.6, the 
same scenario recorded to Gyrosigma sp. where it can grow the best under the highest light intensity of 0.1744 ± 
0.0133 mg/g and 0.0955 ± 0.0052 mg/g at the lowest light intensity. The same scenario also noted in another 
experiment by Cheirsilp and Torpee [4] that the chlorophyll content increased along with rise in light intensity. 
It is decided that there is a possibility with attenuation of light intensity, the microalgal cell responds by 
synthesizing vast number of chlorophyll.  

             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

 Fig. 5: Estimation of chlorophyll a of Amphora sp. based on different light intensities. 
                
            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             

Fig. 6: Estimation of chlorophyll a of Gyrosigma sp. based on different light intensities. 
 

Lipid Content Analysis: 
Nile red (NR) staining was used to analysis the existence of lipid content of Amphora sp. and Gyrosigma 

sp. Fig. 7(a) and (b) shows that the images of Amphora sp. and Gyrosigma sp. after stained with NR solution 
under fluorescence microscope. Besides that, Table 1 and 2 show the value of fluorescence measurement for 
Amphora sp. and Gyrosigma sp. respectively. The Amphora sp. shows the highest NR fluorescence reading at 
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the highest light intensity of 40 µmol m-²s-¹ which is 3462.91fsu and the lowest value of 2071.00fsu at 6 µmol 
m-²s-¹. According to Table 2, Gyrosigma sp. depicts the highest fluorescence value which is 2056.03 fsu at 40 
µmol m-²s-¹ of light intensity and 900.65fsu at the lowest light intensity at 6 µmol m-²s-¹.  

 
 

(a) Amphora sp.                                                                               (b) Gyrosigma sp. 
 

Fig. 7: Images of Nile red staining of lipid droplets in Amphora sp. and Gyrosigma sp. observed under 
fluorescence microscope (Sources: [25] & [26]). 

 
Table 1: Nile red analysis of Amphora sp.  

Day Nile Red Fluorescence (fsu) 
 6 µmol m-²s-¹ 10 µmol m-²s-¹ 16 µmol m-²s-¹ 40 µmol m-²s-¹ 
1 535.03 1005.97 992.73 1171.02 
3 918.37 1186.27 1165.37 1718.19 
5 1140.47 1583.17 1558.75 1882.59 
7 1198.54 1948.07 2078.26 2561.55 
9 1589.30 2155.08 2744.06 3058.14 
11 1874.76 2589.27 2895.35 3220.61 
13 2071.00 2781.17 3090.38 3462.91 

 
 Table 2: Nile red analysis of Gyrosigma sp.  

Day Nile Red Fluorescence (fsu) 
 6 µmol m-²s-¹ 10 µmol m-²s-¹ 16 µmol m-²s-¹ 40 µmol m-²s-¹ 
1 293.37 581.12 667.88 789.96 
3 514.44 636.92 717.12 863.3 
5 524.57 649.18 808.88 827.48 
7 641.31 776.79 1034.25 1231.17 
9 669.08 777.42 1058.17 1559.71 
11 769.52 1199.47 1271.98 1841.59 
13 900.65 1250.76 1467.31 2056.03 

 
Effect of light intensities on biomass and lipid content of Amphora sp. and Gyrosigma sp: 

Commonly, for the growth of any photosynthetic living cell, light plays a major role as source of energy.  
Hence, light irradiance is a most important factor influencing the biomass generation of the targeted species 
towards exponential growth curve. In Table 3 and Table 4, the microalgal biomass productivity and lipid content 
of Amphora sp. and Gyrosigma sp. increases with the increase of light intensities. At the light intensity of 40 
µmol m-2s-1, both microalgae shows high biomass and lipid content.  

On the other hand, lowest light intensity depicts low production in both microalgal biomass and lipid 
synthesis.  

Late exponential stage of the growth curve is the point whereby the lipid content analysis conducted. This is 
because the secretion of secondary metabolites (lipid) usually higher during that period [18]. Furthermore, light 
regime plays a primary role in the synthesis of triacylglycerides. However, there are many reports said that light 
is not an important factor in biomass production while only required for lipid synthesis [27, 28]. Vice versa, it is 
also reported that high light intensity responsible in reduction of lipid content and increase in biomass 
production [4]. In reality, triacylglycerol (main component in neutral lipid) needs high amounts of ATP and 
NADPH via photosynthesis [18]. Figure 10 shows the comparison of total microalgal lipid produced from two 
microalgae (diatom) species, Amphora sp. and Gyrosigma sp. Gyrosigma sp. produces higher lipid content 
compared to Amphora sp.     
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Table 3: Specific growth rate, microalgal biomass and total lipid content of Amphora sp. under different light intensities. 
Light intensity  
(µmol m-2s-1) 

Specific growth rate, µ,  
(day-1) 

Doubling Time, T2, 
(days) 

Biomass productivity  
(gl-1d-1) 

Total lipid content  
(gl-1) 

6 0.1366 + 0.01 5.0739 + 0.03 0.0408 + 0.01 0.0703 + 0.001 
10 0.1564 + 0.002 4.4316 + 0.04 0.1003 + 0.02 0.1103 + 0.002 
16 0.1671 + 0.01 4.1478 + 0.03 0.1087 + 0.01 0.1205 + 0.002 
40 0.2038 + 0.003 3.4001 + 0.07 0.1354 + 0.02 0.1455 + 0.002 

Data presented at + standard error of mean triplicates (each sample) 
 
Table 4: Specific growth rate, microalgal biomass and total lipid content of Gyrosigma sp. under different light intensities. 

Light intensity  
(µmol m-2s-1) 

Specific growth rate, µ,  
(day-1) 

Doubling Time, T2, 
(days) 

Biomass productivity  
(gl-1d-1) 

Total lipid content  
(gl-1) 

6 0.1510 + 0.001 4.5901 + 0.01 0.0979 + 0.023 0.1013 + 0.003 
10 0.1752 + 0.002 3.9561 + 0.011 0.1112 + 0.024 0.1256 + 0.002 
16 0.1544 + 0.002 4.4890 + 0.01 0.1289 + 0.02 0.1339 + 0.001 
40 0.1466 + 0.001 4.7278 + 0.02 0.1683 + 0.021 0.1819 + 0.001 

Data presented at + standard error of mean triplicates (each sample) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Relationship between microalgal lipid content and biomass production of Amphora sp. under different 
light effects.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9: Relationship between microalgal lipid content and biomass production of Gyrosigma sp. under different 

light effects.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10: Comparison of total microalgal lipid produced from two microalgae (diatom) species, Amphora sp. and 
Gyrosigma sp.   
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Conclusion: 
The present research illustrates the significant increases in terms of specific growth curve, microalgal 

biomass and lipid content by two marine diatoms (Amphora sp. and Gyrosigma sp.) under influences of 
different light intensities. The higher light intensities shows a positive elevation in lipid content in both 
microalgae compared to lower light intensity. Although some reports stated that there should be a photo 
inhibition point but it is still depend on the nature of microalgae and culture conditions. The lipid production 
from marine diatom can be a vital tool in biodiesel industries in near future. 
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