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ABSTRACT 
Dunaliella salina (D. salina) is a potential source of lipids and subsequent biodiesel production. However lipid production from 
dependent on biomass production rate and lipid content. To get more lipid, production efficiency need to be improved. The aim
was to application of two-stage culture strategy for improved microalgal growth and lipid Production. In this study the culture was grown 
under four different nitrogen concentrations (2
mM) to low nitrogen (2 mM) concentration under high (800 
to get the high lipid yield. The result showed that maximum lipid contents (46%) and lipid per cell (37
culture grown under low nitrogen concentration whereas high nitrogen culture showed maximum lipid concentration 0.73 g L
productivity  56.32 mg L-1day-1 when grown under high light intensity. The culture grown
increased the overall lipid productivity due to increase the biomass dry weight (2.13 g L
However the culture shifted from high nitrogen to low nitrogen concent
of lipids (56.47%), concentration of lipid (1.169 g L
shifting of D. salina culture from high to low nit
overall lipid production in D. salina. This strategy can be used for outdoor cultivation for efficient algal biofuels production.
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) is a potential source of lipids and subsequent biodiesel production. However lipid production from 
dependent on biomass production rate and lipid content. To get more lipid, production efficiency need to be improved. The aim

stage culture strategy for improved microalgal growth and lipid Production. In this study the culture was grown 
under four different nitrogen concentrations (2 mM, 5 mM, 10 mM and 2 0mM) and also compared the culture by shifting 

mM) concentration under high (800 μmol photons m-2 s-1) and low light (200 μmol photons m
to get the high lipid yield. The result showed that maximum lipid contents (46%) and lipid per cell (37.40 pg cell
culture grown under low nitrogen concentration whereas high nitrogen culture showed maximum lipid concentration 0.73 g L

when grown under high light intensity. The culture grown under high nitrogen with high light intensity 
increased the overall lipid productivity due to increase the biomass dry weight (2.13 g L-1) and biomass productivity (66.01 mg L
However the culture shifted from high nitrogen to low nitrogen concentration grown under high light intensity showed the highest contents 
of lipids (56.47%), concentration of lipid (1.169 g L-1) and lipid productivity (89.92 mg L-1day-1). From the above results conclude that 

culture from high to low nitrogen concentration grown under high light intensity is the suitable condition to increase the 
. This strategy can be used for outdoor cultivation for efficient algal biofuels production.

Dunaliella salina, light stress, nitrogen limitation 

INTRODUCTION 

The current environmental concerns for generating renewable energy sources had grown dramatically due 
increased, fossil fuel depletion and the crude oil prices increased. Crude oil reserves will be 

depleted within 50 years as the world oil consumption rate is 80–90 million barrels per day and the estimated 
value of world oil reserves is 1.3 trillion barrels [1]. Due to this problem it is essential to find ways to supply 

iable, economically feasible, sustainable and renewable fuels and enhance economic prosperity and 
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Microalgae is a third generation biofuel source provides a promising alternative to petroleum fuels that is 
potentially renewable, sustainable, carbon neutral, and can have a significantly smaller footprint in land area 
demand, compared to plant-based first and second generation biofuels. Microalgae cultivation is very simple, 
can grow autotrophically using inorganic carbon and solar energy to produce lipid. Their photosynthetic 
efficiency is higher and the final algal oil production per unit of surface may reach 200 times that of common 
plant oils [2-4]. Microalgae using solar energy by photosynthesis increase in the amount of neutral storage 
lipids, mainly triacylglycerols (TAGs) that can be converted to biodiesel as fatty acid methyl esters (FAME) 
through transesterification [5]. 

The lipid content in microalgae varies from about 1–85% of the dry weight [6-7], typically over than 40% 
lipid contents achieved under nutrient limitation. The lipid-rich species Botryococcus braunii, which is known 
to accumulate lipid up to more than 70% of biomass, but its doubling time is usually in the range of 5–7 days 
[8].  The marine microalgae Dunaliella sp. is used in biodiesel production due to their faster growth rate and 
easier cultivation and non-sterile open pond condition [9]. However, D. salina accumulates only 30% lipid 
content under nitrogen sufficient growth conditions with high light intensity. The lipid content of D. salina can 
increase 14% under nitrogen limitation [10]. Large scale production of microalgae has remained economically 
infeasible due to the large costs of nutrient and sterile growing conditions. Moreover, low lipid productivity is 
not sufficient for outdoor biodiesel production. 

To make microalgal-based biofuel production more economic, it is necessary to enhance both microalgal 
biomass and overall lipid productivity. Marine microalgae accumulates lipid, especially neutral 
lipids/triglycerides (TAGs) under nitrogen starvation [11], phosphate limitation [12], high salinity [13], carbon 
source concentration [12] and so on. D. salina, is candidate feed stocks for biofuel production [14] because mass 
production systems for this alga have been established already worldwide. D. salina can be manipulated easily 
for either fatty acid content or composition by high irradiance, salinity stress and N-deprivation [10]. Their fatty 
acid profiles reported are mainly C16:0 (23.7%), and C18:0 (7%) total lipids. Highly saturated fatty acids give 
an excellent cetane number and oxidative stability to biodiesel [15]. Stearic acid content of D. salina is higher 
than Botryococcus braunii, Scenedesmus sp. [16], Chlamydomonas, Chlorella sp. and Navicula sp. [17]. 

In addition the light intensity is an important factor affecting the growth and lipid accumulation, and it 
could also affect fatty acid composition in the microalgae Parietochloris incise and Dunaliella viridis [18]. 
Therefore light intensity not only greatly affect algae photosynthesis as well as cell composition and metabolic 
pathway, but also the economic efficiency of the algae cultivation process [19], and consequently, the supply 
and efficient utilization of light energy have been the greatest scientific and technological challenge in research 
and development on commercial cultivation of microalgae. Rabbani et al., [20] observed that under nitrogen 
deprivation in high-light treated D. salina cells increases beta-carotene and total fatty acid [21]. Dunaliella cells 
produced beta-carotene as a co-product which protects the cells against photoinhibition [22]. The algal cells 
cultivated in nitrogen deficient medium with high light intensity induced biomass and pigment accumulation in 
the reactor [14]. 

However, this is generally known that any stress concomitant with lower biomass productivity and thus low 
overall lipid productivity [3-4]. Meanwhile a replacing nitrogen source is necessary for maintaining a high cell 
growth rate and achieving high cell density [23]. 

 
Therefore, economical production of algal biodiesel will require optimization of two-stage of microalgal 

growth for enhancing lipid productivity. In the first stage, the algae are grown under nitrogen-sufficient 
condition to obtain a maximum cell density as quickly as possible and, in the second stage, application of stress 
conditions to induce lipid synthesis. The objective of this work was to maximize the biomass content in order to 
increase the lipid productivity by shifting the culture condition from high to low nitrogen concentration under 
high light intensity. This experiment could make large scale biodiesel production economically feasible by 
decreasing the nutrient cost by increasing the lipid productivity under high light intensity. The results of this 
research could be used for future commercial algal production in outdoor cultivation.  

 
MATERIALS AND METHODS 

 
Microalgae source, medium and cultivation: 

Marine microalgae D. salina was obtained from gene bank, department of botany, faculty of science, 
Kasetsart University, Thailand. The D. salina was grown in the modified medium from the original recipe of 
Weldy and Huesemann (2007) [10] and the composition as follows; 3 mM KCl, 5 mM KNO3, 0.5 mM 
MgSO4∙7H2O, 0.3 mM CaCl2, 0.1 mM K2HPO4, 0.4 mM FeCl3, 4 mM EDTA, and 1 mL (per L) of 
micronutrient solution. The micronutrient solution is composed of 50 mM H3BO3, 10 mM MnCl2∙4H2O, 0.8 mM 
ZnSO4∙7H2O, 2 mM NaMoO4∙2H2O, 0.2 mM CoCl2∙6H2O, 2 mM. NaVO3 and 0.2 mM CoCl2

.6H2O with 1 M 
NaCl and 1 M NaHCO3. 
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 For preparation of starter, single colony was picked and inoculated into modified Dunaliella growth 
medium containing 1 M NaCl for further experiment. The strain was incubated for 7 days at 25±2ºC ambient 
temperature with continuous photoperiod at 56 μmol photons m-2 s-1 under white fluorescent lamps. 
 
Experimental setup: 

D. salina microalgae were grown in bubble column photobioreactor at 25±2 ºC temperature with a working 
volume of 250 mL. Twenty milliliters of starter cells at the density of 0.8×106  cells mL-1 was transferred into 
230 mL medium containing 20 mM, 10 mM, 5 mM and 2 mM KNO3 concentrations in combination with high 
(800 μmol photons m-2 s-1) and low light intensity (200 μmol photons m-2 s-1). The light intensity was measured 
by the Lux meter (Lab facility, LX101, 50000LX). Multiply the Lux by the conversion factor to get 
photosynthetic photon flux (PPF). The culture was aerated with 95% air containing 5% CO2 (v/v) at approx. 
0.01 vvm (volume of air per volume of medium per minute) for 15 days.  

The experiment was conducted in 4 different nitrogen concentrations under high and low light intensity in 
order to compare and evaluate the influence of nitrogen contents on growth and lipid production. For two-stage 
cultivation: 1st stage Dunaliella cells were cultivated in 20 mM nitrogen concentration under high and low light 
intensity for 7 days. The culture was grown up to the stationary phase and 2nd stage shifted to low nitrogen 
condition (2 mM). Cells were recovered from the high nitrogen medium through centrifugation at 10,000×g for 
5 min and then removed the spent medium. Collected cells were washed thoroughly 3 times with distilled water. 
Cells were transferred to modified medium containing 2 mM KNO3 and incubated under selected conditions. 
 
Growth and biomass dry weight (DW) determination: 

The cell growth was determined from the cell numbers during the cultivation period. Samples were 
collected every 2 days for 15 days and the cell number was counted by using a neubauer hemocytometer 
(Marienfeld, Germany) and a light microscope (CX21, Olympus Imaging Corp., Japan). The specific growth 
rate was calculated from the slope of the linear regression of cell density (cells mL-1) against time (days) and as 
specified by Wood et al., (2005) [24] i.e.:  
 

μ =ln(Nt/N0)/(t-t0) 
 

where Nt is cell density at time (t), and N0 is cell density at the start of the exponential phase (t0). 
Ten mL of algal suspension in a pre-weighed centrifuge tube was centrifuged at 2,500×g for 10 min to 

produce biomass pellets. The pellets were washed with distilled water (twice) to remove salt. After removing the 
supernatant and the pellets were dried in an electric oven at 65°C for 24 hr. and then weighed. Biomass 
productivity (mg L-1day-1) was calculated as the dry biomass produced at the cultivation period using the 
formula: 

Biomass productivity = amount of biomass (mg L-1)/Number of days 
 
Chlorophyll content measurement: 

Every 2 day the chlorophyll content was measured. Ten ml of algal culture was centrifuged at 2,500×g for 
10 min. Discard the medium and then add 10 ml of 100% ice cold acetone to the pellet. Then the tube was 
vortex thoroughly until the pellet completely dissolved. The tubes were placed at a refrigerator overnight to 
extract chlorophyll. The next day the sample was centrifuged at 5,000×g for 10 min. Chlorophyll a 
concentration (μg mL-1) was measured using Spectrophotometer (UV-Visible 8453 Spectrophotometer) with the 
wavelength of 664 and 647 [25]. The chlorophyll a content was calculated by using the equation [26]. 
 

Chlorophyll a (µg mL-1) 
culture of Volume       

acetone of Volume)OD1.93  -OD(11.93
647664

×× ×
=  

  
Total lipid extraction: 

Lipid extraction from D. salina was carried out by slightly modification of the protocol by Bligh and Dyer 
(1959) [27]. Lipid was extracted from biomass pellets by using methanol, chloroform, and water. Lipid analysis 
was done at three points during the experiments.  Fifty milliliters of culture were harvested by centrifugation at 
5,000×g for 10 min. The supernatant was removed by pipette; the pellets were then suspended with 4 mL of 
dH2O. After that, 10 mL of methanol and 5 mL of chloroform were added in sequence, resulting in a 10:5:4 ratio 
of methanol: chloroform: water. After an overnight incubation on a shaker, 5 mL of water and 5 mL of 
chloroform were added which results in a 10:10:9 ratio of methanol: chloroform: water. The samples were 
centrifuged for 10 min at 5,000×g to obtain two layers.  At this solvent ratio, two layers were formed, a water 
methanol upper layer and a lipid containing chloroform lower layer was removed by pipetting and placed into 
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another pre-weighed vial. The chloroform was evaporated by heating on a hot plate. After evaporation, the vial 
was weighed again. The difference between the weight before and after evaporation was represented as the 
weight of the microalgal lipids from the cultured samples. Lipid content and lipid productivity were then 
calculated by the following formula: 
 

Lipid content (% dry weight) 100
)L (mg  biomass ofght        Wei

)L (mg lipid ofWeight 

1-

1-

×=
 

   
Lipid productivity (mg L-1day-1) = Biomass productivity (mg L-1day-1) X   Lipid content/100 
                                                                                                                                 

Statistical analysis: 
 All the data were analyzed using Microsoft Excel 2010. Statistical analyses were performed by using the 

SAS version 9, followed by a Duncan’s multiple range tests. Differences were considered significant at p < 
0.001. Every experiment was conducted in triplicate. 

 
Results: 
Effect of KNO3 concentration and light intensity on growth and dry weight: 

To investigate the effect of KNO3 concentration on the growth of D. salina, the culture was grown at 
25±2°C under high and low light intensity. The maximal cell number (25.6×107 cells mL-1) was observed in the 
culture grown in 20 mM KNO3 under high light intensity on 9th day of inoculation. In contrast, the microalgal 
growth (1.04×107 cells mL-1 and 1.80×107 cells mL-1) was decreased under low concentrations of KNO3 (2 mM 
and 5 mM) when compared to the high concentrations (20 mM) of KNO3. The result indicated that D. salina 
grow better in high concentration of nitrogen with high light intensity when compared to the culture grown in 
low nitrogen concentration with low intensity of light (Fig.1). The highest specific growth rate (0.71µ/day) was 
achieved in the culture grown in high concentration of KNO3 under high light intensity.  

Biomass of D. salina was determined by the dry weight. During the cultivation period on the 9th day the 
highest biomass content was obtained in the culture grown in high concentration of nitrate (20 mM KNO3) 
under high light intensity (2.13 g L-1) when compared to the low KNO3 (2 mM KNO3)  concentration under low 
light intensity (0.71 g L-1). The biomass increased dramatically with increase in the cell number (Fig. 1 and 2). 
The maximum biomass productivity was found in the culture grown in high KNO3 concentration with high light 
intensity (163.76 mg L-1day-1) (Table 1). After 9th day of inoculation the growth tends to slow down and attained 
the stationary due to nutrient depletion and the algae started to accumulate lipid in the culture medium. 
 
Effect of different KNO3 concentrations and light intensity on chlorophyll content: 

The chlorophyll content was determined to show the effects of nitrogen on algal growth. The chlorophyll 
content was increased under high nitrogen concentration. Among the different nitrogen concentrations highest 
chlorophyll content was obtained (75.25 µg mL-1) in high nitrogen concentration with high light intensity 
whereas the lowest chlorophyll content was obtained (47.40 µg mL-1) in low nitrogen concentration under low 
light intensity (Table1). The result showed that the nitrogen limitation had effects on the algal growth rate.  
 
Effect of different KNO3 concentrations under high and low light intensity on lipid production:  

Fig. 3 and 4 showed the lipid content of D. salina grown in different concentrations of KNO3 under high 
and low light intensity. As the concentration of KNO3 was decreased, an increasing trend was observed in 
percentage (%) of lipid and lipid content (pg cell-1) under high light intensity (Fig. 3 and 4). But the overall lipid 
productivity was higher in high KNO3 concentration when compared to low KNO3 concentration when the 
culture grown under high light intensity. The highest lipid concentration 0.73 g L-1 was obtained in 20 mM 
KNO3 under high light intensity. Moreover, when the nitrogen source was decreased in the medium from 20 
mM to 2 mM KNO3, the % of lipid content was increased from 24 to 46% and lipid content also increased from 
28.55 to 37.40 pg cell-1 (Fig. 1 and 2). 
 
Effect of shifted culture from 20 mM to 2 mm KNO3 conditions grown under high and low light intensity on 
biomass and lipid content: 

On 9th day of cultivation the biomass and biomass productivity of the shifted D. salina culture was not 
statistically different in comparison to non-shifted culture under high or low light intensity. Moreover a sharp 
rise in lipid accumulation (56%) was achieved when the cultures were grown in shifted condition (Fig. 2).The 
maximum lipid concentration (1.16 g L-1), which was 1.5 times higher was obtained in the shifted culture than 
the non-shifted condition (0.73 g L-1) grown under high light intensity. The result indicated that the shifted 
culture condition significantly improved the lipid content.  
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Lipid accumulation rates: 
To determine the lipid productivity by D. salina grown under various nitrogen concentration cells were 

cultured up to 15 days. The mg L-1day-1 was used to lipid production rates on 0-6, 6-9 and 9-13 days. The 
second day of shifting from 20 mM KNO3 to 2 mM KNO3 the culture grown under high light intensity showed 
the maximum lipid production 89.92 mg L-1day-1 whereas the lowest lipid production rate was obtained (77 mg 
L-1day-1) under low light intensity (Fig. 5). After second day of shifting, the lipid content was decreased 
dramatically. The limitation of nutrients from the medium had increased the accumulation of lipid by the two-
stage strategy system. 

 

 
  

 
Fig. 1: Cell density in D. salina cultures grown under different KNO3 concentrations with  (A) high and (B) low 

light intensity and (C) shifting culture condition  
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Fig. 2: Biomass in D. salina cultures grown under different KNO3 concentrations with (A) high and (B) low 
light intensity and (C) shifting culture condition  

 

 
 
Fig. 3: The lipid (pg cell-1) in D. salina cultures grown under different KNO3 concentrations and shifting culture    
            with high and low light intensity 
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Table 1: Comparison between culture grown different concentrations of KNO3 and shifted culture under high and low light   intensity on 
growth and lipid content 

 Light Source Concentration of KNO3 

2 mM 5 mM 10 mM 20 mM Shifting culture 

Specific growth rate  
 (µ Day-1) 

L-Light 0.51±0.03d 0.57±0.02c 0.68±0.02ab 0.70±0.02a 0.65±0.03b 

H-Light 0.53±0.03cd 0.56±0.02c 0.69±0.01ab 0.71±0.03a 0.68±0.01ab 
Cell density 
 (×106 cells mL-1) 

L-Light 6.56±0.01j 11.60±0.02g 16.49±0.15h 20.47±0.10j 19.47±0.10e 
H-Light 10.75±0.10i 18.03±0.01f 23.10±0.03c 25.64±0.03a 24.64±0.10b 

Chlorophyll content 
 (µg mL-1) 

L-Light 51.03±0.19g 56.47±0.71f 59.72±0.09e 69.95±0.95c 67.23±1.78d 

H-Light 52.57±0.21g 60.60±0.34e 66.75±0.22d 75.25±0.62a 72.08±1.54b 

Biomass (g L-1) L-Light 0.71±0.03h 1.12±0.06f 1.58±0.02d 2.02±0.04ab 1.93±0.08b 

H-Light 0.87±0.06g 1.44±0.01e 1.70±0.05c 2.13±0.12a 2.07±0.01b 

Biomass productivity 
( mg L-1day-1) 

L-Light 59.33±0.77h 100.28±1.6f 120.33±1.25d 154.62±0.77b 153.27±1.83b 

H-Light 66.01±2.31g 110.79±0.8e 131.03±3.87c 163.41±1.81a 161.74±1.77a 
Lipid content (pg cell-1) L-Light 34.45±3.25c 30.23±0.65d 27.78±0.32e 22.47±0.52f 48.74±1.73a 

H-Light 37.40±0.41b 33.12±0.73c 29.09±0.09de 28.55±0.40de 47.37±0.45a 
Lipid (g L-1) L-Light 0.39±0.36h 0.47±0.50fg 0.56±0.56ef 0.61±0.62de 0.91±0.95b 

H-Light 0.45±0.47g 0.59±0.60e 0.68±0.67cd 0.73±0.73c 1.17±1.17a 

Lipid productivity 
 ( mg L-1day-1) 

L-Light 32.10±2.08i 40.14±1.91g 45.23±0.6f 48.38±1.13e 77.07±1.47b 

H-Light 37.23±0.92h 45.91±0.99f 51.65±0.7d 56.33±0.84c 89.92±0.75a 
L- Light = Low light intensity; H-light = High light intensity. Different letters are significant according to Duncan’s multiple range test  

 
 

 
Fig. 4: The percentage of lipid content in D. salina cultures grown under different KNO3 concentrations and 

shifting culture with high and low light intensity 
 

 
Fig. 5: Lipid accumulation rates during the cultures grown in shifted condition under high and low light intensi 
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Discussion: 
From this study we found that shifting of culture from high to low nitrogen concentration grown under high 

light intensity has the positive effect on both growth rate and lipid productivity. 
The pattern of growth indicates that high nitrogen concentrations with high light intensity increased the 

high biomass. Cell growth was decreased by low nitrate concentration under low light intensity. Weldy and 
Husesemann, [10] reported that D. salina showed better growth in the culture grown high concentration of 
KNO3 (1.5 g L-1) under high light intensity than the low concentration of KNO3 (0.4 g L-1) under low light 
intensity. The result showed that the % of lipid and lipid content (pg cell-1) were increased under low nitrogen 
concentration than the high concentration of nitrogen. Moreover the overall high lipid productivity was found 
under high nitrogen concentration due to higher biomass.  

The result showed that low nitrogen concentrations develop higher % of lipid and lipid content (pg cell-1) 
than the high concentration of nitrogen. But the overall high lipid productivity was found under high nitrogen 
concentration due to higher biomass. From the results the lipid accumulation by D. salina ranges from 24-56% 
depending on growing conditions and growth phase. This result was similar to the previously result of 
Dunaliella sp. which had the ability to accumulate 45-55% of lipid [28]. From the result it is clearly showed that 
the nitrogen limitation increased lipid content. This result confirmed previous reports that nitrogen limitation 
increase lipid production in Dunaliella species [29-30]. Nitrogen is one of the most important nutrients affecting 
lipid metabolism in algae. Nitrogen limitation leads to decrease the growth rate, protein synthesis, 
photosynthesis and increase in lipid contents [8]. Dunaliella species are composed largely of triacylglycerols 
[20]. In addition, under nitrogen deficient conditions algal cell size increased, accumulate carbon metabolites as 
lipids and nitrogen containing macromolecules and carbon reserve compounds like carbohydrates and fats [31]. 

Large scale production of biodiesel from microalgae is economically infeasible due to the cost of nutrients 
and sterile growing conditions. Therefore improve the overall lipid content for economic production of biodiesel 
two-stage culture strategy has to be applied. Biomass production was largely unaffected in that conditions 
ranging from 1.93 and 2.07 g L-1 under low and high light intensity. Lipid content gradually increased from 34% 
to 56% at nitrate limitation condition and lipid per cell (pg cell-1) also increased from 34.45-47.74 pg cell-1. The 
overall lipid productivity increased from 56.33-89.92 mg L-1day-1 due to the high biomass and cell number.  
Mujtaba et al., [12] also applied two stage strategies in chlorella vulgaris to get the fast cell growth under 
nutrient rich conditions and incubation under nitrogen starvation for enhancing overall lipid productivity (lipid 
content 24.6-53% and lipid productivity 31.5-77.1 mg L-1day-1). Their results support with the Thai D. salina 
isolates lipid productivity. The present study revealed that shift from high to low nitrogen concentration would 
be an effective technique to maintain sufficient biomass for subsequent biodiesel production. So large scale 
cultivation of D. salina for production of lipid as well as biodiesel, it may be more economical to subject the 
cultures to a short period of nitrogen limitation to induce high level neutral lipids. This will reduce the use of 
more nutrients and finally reduce the cost. 

Factors inducing lipid production under high light intensity is the basic energy source for photoautotrophic 
microalgae. The present study showed that high light intensity develops high biomass and lipid content than low 
light intensity. An increased growth rate corresponding to the light intensity was also noted in Dunaliella viridis 
when it was cultivated at 250- 700 μmol photons m−2 s−1 but decreased when the light intensity changed from 
700 to 1,500 μmol photons m−2 s−1 [32]. The photosynthesis of aquatic plants is saturated in the range of 20–
50% of full sunlight, or about 400–1000 μmol photons m−2 s−1. Thus, light harvesting efficiency is important for 
bioreactor engineering encompassing those microorganisms [33]. There are wide variations in the nature of algal 
strains and their dependence on light intensity for growth.  

Light intensity influences not only the micoralgal growth but also alter the biochemical composition [34].  
Harwood et al., [35] reported that high light intensity leads to oxidative damage of polyunsasurated fatty acids 
(PUFA), and is also required for the synthesis of C16:1 (3 trans) and alters the level of this fatty acid (FA) in 
microalgae. Low light intensity induces the formation of polar lipids, particularly the membrane polar lipids 
associated with the chloroplast, whereas high light intensity decreases total polar lipid content with a 
simultaneous increase in the amount of neutral storage lipids, mainly TAGs. TAG production under high light 
conditions might serve as a protective mechanism for the cell. Increased FA synthesis which in turn is stored as 
TAG, potentially helps the cell to re-generate its electron acceptor pool. High light intensity is important 
representative of the large scale outdoor cultivation of microalgae for lipid production. This result showed that 
high light intensity could improve the nitrate limitation to start to accumulate lipid early. It was related with the 
proposed function of beta-carotene content of D. salina as a protection of the cell against injury by high light 
intensity. However the ability of D. salina produces a high value co-product beta-carotene with lipid to be 
potential economic feasibility of mass culturing. 

The present study revealed that the use of two-stage cultivation under high light intensity, composed of fast 
cell growth under high nitrogen condition and then transfer low nitrogen condition is beneficial for enhancing 
overall lipid productivity. The results from this study suggest that D. salina can be cultured to produce high 
lipids. So the two-stage strategy under high light intensity would be suited for large scale production of lipids 
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for biodiesel with D. salina. It is expected that the results could serve as a reference for further larger- scale 
production. Moreover, further research on what the effects of phosphate, carbon resource and light quality on 
lipid accumulation during nitrogen starvation is recommended. It is possible that the two-stage strategy also to 
be applicable to other lipid producing algae. However, feasibility to commercialize microalgae biofuels is still 
questionable as high energy input to harvest microalgae biomass is required especially in two-stage culture 
process. Therefore, especially for big-scale microalgae culture, more effective ways to harvest microalgae such 
as continuous centrifugation, microfiltration and immobilization technology will have to be implemented. 
Besides, in larger commercial production system longer N-starvation time and higher illumination, though they 
could enhance the lipid production, may lead to more manpower and energy (such as electronic power) 
consumption and thus increase cost for biofuels production, for a conventional method. Therefore, although 
most studies have suggested that the application of a two-stage process is most likely the most promising culture 
strategy, more efforts should be taken to reduce the capital costs. 
 
Conclusion: 

D. salina has the ability to accumulate significant amount of lipid under low nitrogen concentration. To 
enhance biomass and overall lipid production in D.salina we had applied two-stage strategy.  In the first stage of 
the cultivation to increase the biomass the culture was grown in higher nitrogen of concentration in the second 
stage cultivation the cell was shifted to the nitrogen limitation condition to obtain the maximum lipid and lipid 
productivity. The highest lipid accumulation was attained after 2 days of the culture shifted to the low nitrogen 
condition. The results showed that culture grown in low nitrogen concentration accumulate higher % of lipid 
content and lipid per cell than the culture grown in high nitrogen concentration. The culture grown under the 
high light intensity increased biomass content than the low light intensity grown culture. Due to higher biomass 
the culture grown under high nitrogen concentration accumulates highest lipid concentration and lipid 
productivity.  From this result we conclude that two stage processes is one of the best ways to enhance both the 
algal biomass and overall lipid productivity.  This strategy can be used for large scale outdoor cultivation to 
develop microalgal biomass and as possible to strengthen the stress on each cell to enhanced lipid production to 
become economically valuable for renewable oil and biodiesel production. This process can be applicable to any 
species of algae to enhance both biomass and the targeted products. 

 
ACKNOWLEDGEMENTS  

 
The authors would like to thank the Kasetsart University Research and Development Institute (KURDI) and 

Faculty of Science, Kasetsart University for financial support to carry out the research. 
 

REFERENCES 
 

[1] Abdullah, A., N. Razali, H. Mootabadi and B. Salamatinia, 2007. Critical Technical Areas for Future   
Improvement in Biodiesel Technologies. Environmental Research Letters, 2(3): 034001. 

[2] Bellou, S., M.N. Baeshen, A.M. Elazzazy, D. Aggeli, F. Sayegh and G. Aggelis, 2014.  Microalgal Lipids 
Biochemistry and Biotechnological Perspectives. Biotechnology Advances, 32(8): 1476-1493. 

[3] Ho, S.H., X. Ye, T. Hasunuma, J.-S. Chang, and A. Kondo, 2014. Perspectives on Engineering Strategies 
for Improving Biofuel Production from Microalgae—a Critical Review. Biotechnology Advances, 32(8): 
1448-1459. 

[4] Hu, Q., M. Sommerfeld, E. Jarvis, M. Ghirardi, M. Posewitz, M. Seibert and A. Darzins, 2008.  Microalgal 
Triacylglycerols as Feedstocks for Biofuel Production: Perspectives and Advances. The Plant Journal, 
54(4): 621-639. 

[5] Khotimchenko, S.V. and I.M. Yakovleva, 2005. Lipid Composition of the Red Alga Tichocarpus crinitus 
Exposed to Different Levels of Photon Irradiance.  Phytochemistry, 66(1): 73-79. 

[6] Chisti, Y.,  2007. Biodiesel from Microalgae. Biotechnology Advances, 25(3): 294-306. 
[7] Rodolfi, L., G. Chini Zittelli, N. Bassi, G. Padovani, N. Biondi, G. Bonini, and M.R. Tredici,  2009. 

Microalgae for Oil: Strain Selection, Induction of Lipid Synthesis and Outdoor Mass Cultivation in a 
Low‐Cost Photobioreactor.  Biotechnology and Bioengineering,  102(1): 100-112. 

[8] Li, Y. and J.G. Qin, 2005. Comparison of Growth and Lipid Content in Three Botryococcus braunii Strains. 
Journal of Applied Phycology, 17(6): 551-556. 

[9] Jiménez, C., B.R. Cossı́ and F.X. Niell, 2003. Relationship between Physicochemical Variables and 
Productivity in Open Ponds for the Production of Spirulina: A Predictive Model of Algal Yield. 
Aquaculture, 221(1): 331-345. 

[10]  Weldy, C.S. and M. Huesemann, 2007.  Lipid Production by Dunaliella salina in Batch Culture: Effects of   
 Nitrogen Limitation and Light Intensity.  US Department of Energy Journal of Undergraduate Research,   
 7(1): 115-122. 



27                                                                             Rokeya Akter et al, 2016 
Advances in Environmental Biology, 10(7) July 2016, Pages: 18-28 

[11]  Sun, X., Y. Cao, H. Xu, Y. Liu, J. Sun, D. Qiao and Y. Cao, 2014. Effect of Nitrogen-Starvation, Light   
 Intensity and Iron on Triacylglyceride/Carbohydrate Production and Fatty Acid Profile of Neochloris  
 oleoabundans Hk-129 by a Two-Stage Process.  Bioresource Technology, 155: 204-212. 

[12]  Mujtaba, G., W. Choi, C.G. Lee, and K. Lee, 2012.  Lipid Production by Chlorella vulgaris after a Shift  
 from Nutrient-Rich to Nitrogen Starvation Conditions. Bioresource Technology, 123: 279-283. 

[13]  Yang, C., Q. Hua  and K. Shimizu, 2000.  Energetics and Carbon Metabolism During Growth of  
 Microalgal   Cells under Photoautotrophic, Mixotrophic and Cyclic Light-Autotrophic/Dark-Heterotrophic  
 Conditions. Biochemical Engineering Journal, 6(2): 87-102. 

[14]  Huesemann, M.H. and J.R. Benemann, 2009. Biofuels from Microalgae: Review of Products, Processes 
and Potential, with Special Focus on Dunaliella sp.   

[15]  Rasoul-Amini, S., P. Mousavi, N. Montazeri-Najafabady, M.A. Mobasher, S.B. Mousavi, F. Vosough, F.  
 Dabbagh and Y. Ghasemi, 2014. Biodiesel Properties of Native Strain of Dunaliella Salina. International 
Journal of Renewable Energy Research, 4(1): 39-41. 

[16]  Lee, J.Y., C. Yoo, S.Y. Jun, C.-Y. Ahn and H.M. Oh, 2010. Comparison of Several Methods for Effective     
 Lipid Extraction from Microalgae. Bioresource Technology, 101(1): S75-S77. 

[17]  Matsumoto, M., H. Sugiyama, Y. Maeda, R. Sato, T. Tanaka, and T. Matsunaga, 2010.  Marine Diatom,  
 Navicula sp. Strain Jpcc Da0580 and Marine Green Alga, Chlorella sp. Strain Nkg400014 as Potential  
 Sources for Biodiesel Production.  Applied Biochemistry and Biotechnology, 161(1-8): 483-490. 

[18]  Solovchenko, A., I. Khozin-Goldberg, S. Didi-Cohen, Z. Cohen and M. Merzlyak, 2008. Effects of Light      
 Intensity and Nitrogen Starvation on Growth, Total Fatty Acids and Arachidonic Acid in the Green    
 Microalga Parietochloris incisa. Journal of Applied Phycology, 20(3): 245-251. 

[19]  He, Q., H. Yang, L. Xu, L. Xia and C. Hu, 2015. Sufficient Utilization of Natural Fluctuating Light  
 Intensity Is an Effective Approach of Promoting Lipid Productivity in Oleaginous Microalgal Cultivation  
 Outdoors. Bioresource Technology, 180: 79-87. 

[20]  Rabbani, S., P. Beyer, J.v. Lintig, P. Hugueney and H. Kleinig, 1998. Induced Β-Carotene Synthesis  
 Driven by Triacylglycerol Deposition in the Unicellular Alga Dunaliella bardawil. Plant Physiology,  
 116(4): 1239-1248. 

[21]  Mendoza, H., A. Martel, M.J. Del Río, and G.G. Reina, 1999. Oleic Acid Is the Main Fatty Acid Related  
 with Carotenogenesis in Dunaliella salina.  Journal of Applied Phycology,  11(1): 15-19. 

[22]  Wu, Z., P. Duangmanee, P. Zhao, N. Juntawong, and C. Ma, 2016. The Effects of Light, Temperature, and  
 Nutrition on Growth and Pigment Accumulation of Three Dunaliella salina Strains Isolated from Saline   
 Soil. Jundishapur Journal of Microbiology, 9(1): 26732. 

[23]  Feng, D., Z. Chen, S. Xue, and W. Zhang, 2011. Increased Lipid Production of the Marine Oleaginous  
 Microalgae Isochrysis zhangjiangensis (Chrysophyta) by Nitrogen Supplement. Bioresource Technology,          
 102(12): 6710-6716. 

[24]  Wood, A.M., R. Everroad and L. Wingard, 2005. Measuring Growth Rates in Microalgal Cultures. Algal  
 culturing techniques, pp: 269-285. 

[25]  Lichtenthaler, H.K., 1983. Determinations of total carotenoids and chlorophylls a and b of leaf extracts in  
 different solvents. Biochemical Society Transactions, 11: 591-592. 

[26]  Porra R.J., W.A. Thompson and P.E. Kriedemann, 1989. Determination of accurate extinction coefficients  
 and simultaneous equations for assaying chlorophylls a and b extracted with four different solvents: v 
 erification of the concentration of chlorophyll standards by atomic absorption spectroscopy. Biochimica et  
 Biophysica Acta, 975: 384-394. 

[27]  Bligh, E.G. and W.J. Dyer, 1959. A Rapid Method of Total Lipid Extraction and Purification. Canadian  
 Journal of Biochemistry and Physiology, 37(8): 911-917. 

[28]  Tornabene, T., G. Holzer, and S. Peterson, 1980.  Lipid Profile of the Halophilic Alga, Dunaliella Salina.     
 Biochemical and Biophysical Research Communications, 96(3): 1349-1356. 

[29]  Guevara, M., C. Lodeiros, O. Gómez, N. Lemus, P. Núñez, L. Romero, A. Vásquez, and N. Rosales, 2005.     
 Carotenogénesis De Cinco Cepas Del Alga Dunaliella sp.(Chlorophyceae) Aisladas De Lagunas  
 Hipersalinas De Venezuela. Revista de Biología Tropical., 53(3/4): 331. 

[30] Lombardi, A. and P. Wangersky, 1995. Particulate Lipid Class Composition of Three Marine  
Phytoplankters Chaetoceros gracilis, Isochrysis galbana (Tahiti) and Dunaliella tertiolecta Grown in  
Batch Culture. Hydrobiologia, 306(1): 1-6. 

[31] Tang, D., W. Han, P. Li, X. Miao, and J. Zhong, 2011. CO2 Biofixation and Fatty Acid Composition of  
Scenedesmus obliquus and Chlorella pyrenoidosa in Response to Different CO2 Levels. Bioresource     
Technology, 102(3): 3071-3076. 

[32] Gordillo, F.J., M. Goutx, F.L. Figueroa, and F.X. Niell, 1998. Effects of Light Intensity, CO2 and Nitrogen  
Supply on Lipid Class Composition of Dunaliella viridis.  Journal of Applied Phycology, 10(2): 135-144. 

[33] Carvalho, A.P., L.A. Meireles, and F.X. Malcata, 2006. Microalgal Reactors: A Review of Enclosed  
System Designs and Performances. Biotechnology Progress, 22(6): 1490-1506. 



28                                                                             Rokeya Akter et al, 2016 
Advances in Environmental Biology, 10(7) July 2016, Pages: 18-28 

[34] Chrismadha, T. and M.A. Borowitzka, 1994. Effect of Cell Density and Irradiance on Growth, Proximate       
Composition and Eicosapentaenoic Acid Production Of phaeodactylum tricornutum Grown in a Tubular          
Photobioreactor. Journal of Applied Phycology, 6(1): 67-74. 

[35] Harwood, J.L. and I.A. Guschina, 2009. The Versatility of Algae and Their Lipid Metabolism.  Biochimie,  
 91(6): 679-684. 
  


