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ABSTRACT  
Microalgae is considered to be one of the best candidates for clean and renewable energy resource. Algae species adapted to hypersaline 
conditions can be cultivated in salty water which is not useful for agriculture or consumption. Due to their inherent extreme cultivation 
conditions, use of hypersaline algae species is better suited for avoiding culture contamination issues. In this study, we isolated 24 strains 
from salt soil samples in the northeastern part of Thailand. These strains were screened by Nile red (NR) fluorescence as a high-throughput 
screening method for determination of microalgae cellular lipid content. Among these isolates four strains of Dunaliella sp. (KU12, KU24, 
KU30 and KU32) had the ability to produce lipid. Four strains were further optimized with respect to cell growth, biomass concentration 
and high lipid yield. The effects of different salt (0.5, 1.0, 1.5, 2.0 and 2.5 M), phosphate (1, 3, 7, 10 and 14 mg L-1 KH2PO4) concentrations 
and light intensities (175, 400, 800 and 1000 μmol photons m-2 s- 1), on the accumulation of lipids in Dunaliella cells were investigated in 
order to identify the conditions resulting in high lipid yield. The initial NaCl concentration higher than 1.5 M increased the lipid content but 
decreased the cell growth. Addition of 1.0M NaCl at the end of log phase during cultivation with initial NaCl concentration of 1.0M 
composed of growth and increased the lipid content (38, 45, 37 and 39% for KU12, KU24, KU30 and KU32, respectively). Decreasing 
phosphate availability from 7 to 3 mg L-1, increased lipid contents in KU12, KU24, KU30 and KU32 strains up to 38, 46, 36, and 37%, 
respectively. A moderately high light intensity (800μmol photons m-2 s-1) improved lipid accumulation in KU12, KU24, KU30 and KU32 
strains with 44, 51, 43 and 43%, respectively. These results indicated that the addition of NaCl 1.0 M with initial of NaCl 1.0 M, low 
amount of phosphate (3 mg L-1) and moderate high light intensity (800 μmol photons m-2 s-1) were helpful for increasing lipid content. 
Among the four strains, KU24 showed the highest biomass and lipid than the other strains. The biomass and lipid content of the Thai 
isolated Dunaliella sp. suggested that these strains would be promising species for biodiesel feedstock in tropical regions. 
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INTRODUCTION 
 

Marine microalgae are expected to be useful for the production of biofuels because they have a high 
capacity for photosynthesis and grow well in the sea which accounts for 70% of the surface area. High 
efficiency, high lipid production (in some cases up to 80% of weight), fast growth, biofixation of waste CO2 , 
contribution to prevent greenhouse effect, and the possibility of culture on non-arable  land make microalgae a 
suitable for this purpose [1]. 
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One genus of microalgae that has been considered for lipid production is Dunaliella [2]. Dunaliella sp. is a 
halophile green microalga which can be found in sea salt fields, salty ponds and marine waters. Dunaliellais a 
good feedstock for biofuel production due to the capability of producing biofuels [3]. Their fatty acid profiles 
reported are mainly C16:0 (23.7%), and C18:0 (7%) of total lipids [4]. The lipid content of Dunaliella sp. is 45-
55% of dry cell weight [5]. Nutrient starvation is one of the most widely used and applied lipid induction 
techniques in microalgae triacylglycerols (TAG) production and has been reported for many species. Biodiesel 
is produced by the transesterification of TAG with methanol (or other alcohol) in the presence of an appropriate 
catalyst, with glycerol as a byproduct. 

 
A number of factors are known to influence the lipid content of Dunaliella sp., such as high irradiance, high 

salt or nitrogen starvation [6-8], phosphate limitation [9] and iron content of the medium also affect algal growth 
[10]. Salinity is an important environmental factor affecting the growth and productivity of plants and algae [11-
12]. High salinity stress exhibits its influence mainly on membrane permeability and fluidity through the 
following: first, creating osmotic stress with the decreased cellular water potential; second, ion toxicity caused 
by the excessive uptake of (Na+ or Cl-) ions; and third, cellular ion imbalance due to the selective ion 
permeability of the membrane [13-14]. Lipids were reported to play a fundamental role in regulating the above 
membrane functions under different salinities through compositional changes in sterols and lipids [15,12]. 
Phosphorus has a key role in the conveyance of metabolic energy and as an essential structural component of 
nucleotides and phospholipid molecules in all living cells [16]. Francisco et al. [17] reported that growth and 
fatty acid content are inversely related. Phosphorus and nitrogen limitation leads to a decrease in poly 
unsaturated fatty acids (PUFA) of microalgal lipids [18]. Similarly, El-Sheekh and Rady [19] indicated that 
changes in the proportion of fatty acid composition depend on the growth medium and Phosphorus starved cells 
contained much higher concentrations of unsaturated fatty acids than nutrient sufficient algae cells. The 
unsaturation of the fatty acid methyl ester (FAME) profile is crucial for the overall performance of the final 
produced biofuel. Microalgae cultured in nutrient abundant medium produced a significant amount of polar 
lipids (phospholipids and glycolipids) and limited content of TAG, (up to 40% of total lipids) [20-21]. By 
increasing the content of sulphur and phosphorus in the culture medium lipids other than TAG produced 
reducing the fuel quality [22]. Phosphate limitation may be beneficial due to the increased content of TAG 
despite reduced growth rate of microalgae. 

 
The light intensity is also an important factors that affect growth and  lipid accumulation  of microalgae 

Parietochloris incise, Dunaliella viridis (D. viridis), D. salina and D. terteolecta [3,23,24,25]. The main PUFA, 
18:3 (n-3) and 16:4 (n-3), comprised almost 70% of the total fatty acids in Dunaliella. sp, whereas the 
proportion of 16:0 and 18:1 increased at the expense of the PUFAs 16:4 (n-3) and 18:3 (n-3) under high 
irradiance [26]. The potential value of the commercial products derived from Dunaliella motivates the study of 
local native strains. Prior to the development of large-scale applications and commercial production, optimized 
cultivation conditions must be determined for these strains. 

 
One region under consideration for the commercial production of Dunaliella is the northeastern part of 

Thailand. It is estimated that an area of 6 million hectares (34% of arable land) are affected by salt, and the 
problem appears to be escalating. Water in several ground water wells tests salty and several natural and man-
made lakes and ponds contain abundant salt water. This condition negatively affects the livelihood of the people 
and the economy of the region. The development of commercial Dunaliella sp. cultivation in this region may be 
beneficial as significant area of land cannot otherwise be used for Agriculture due to the high soil salinity. 

 
To enhance the economic feasibility of microalgal-based biofuel production, it is necessary to improve the 

microalgal biomass productivity, lipid content, and overall lipid productivity. Therefore the responses of lipid 
accumulation to salt stress, phosphate limitation and high light intensity are of particular interest for establishing 
the optimum cultivation condition for these isolated strains. The aim of this study was isolation of indigenous 
Dunaliella strains from the northeastern Thailand and to screened best lipid productivity strain suitable for 
making liquid biofuels. Salinity stress, limitation of phosphate and different light intensity were applied during 
the culture of the selected strains to investigate the effects of these conditions on lipid yield. 

 
MATERIALS AND METHODS 

 
Isolation of algae from soil sample: 

The salt soil samples were collected from 17provinces in the northeastern part of Thailand. These samples 
covers a total area of approximately 170,000 km2 and lay between 14º 14´ to 18º 27´ North latitude and 101º 0´ 
and 105º35´ East longitude. Samples were kept in small glass bottles. 
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For the isolation of pure culture, modified Dunaliella hypersaline medium from the original medium recipe 
from Weldy and Huesemann [25] was used. Forty mM TrisHCl (pH 7.5) were replaced with KCl. Micronutrient 
concentration was modified as follows: 150 mM H3BO3, 10 mM MnCl2, 0.8 mM ZnCl2, 0.3 mM CuCl2, 2 mM 
Na2MoO4, 2 mM NaVO3 (heat to dissolve) and 0.2 mM CoCl2. After autoclaving, the medium was allowed to 
cool down to room temperature and then 1 M NaHCO3 was filtered, sterilized and added to the medium. 

 
Two grams of the collected soil samples were taken in a small glass bottle and combined with the modified 

Dunaliella hypersaline medium, containing 0.5 M NaCl. The cultures were kept under the white fluorescent 
light of 53 μmol m-2 s-1 photosynthetic photon flux (PPF) density and were shaken daily for 1 month. One 
milliliter of the grown algae was transferred to the Dunaliella hypersaline medium with 0.5 M NaCl containing 
0.02 g L-1 chloramphenicol, carbendazim 100 mg L-1 and 200 mg L-1 penicillin G for 20 days. The alga isolates 
were then cultivated at 25±2ºC under  53 μmol m-2 s-1 PPF provided by the white fluorescent lamps for 7-30 
days. The streak plate method was then used to separate microalgae, bacteria and fungi on Dunaliella 
hypersaline medium. The above process was repeated several times until there was no fungal or bacterial 
contamination. Then each pure, individual colony was picked and cultured on separate Dunaliella hypersaline 
medium agar plates for further study. The isolated microalgae were tentatively identified as belonging to the 
genus Dunaliella according to the morphological characteristics [27].  

 
For preparation of starter, single colony was picked and inoculated into modified Dunaliella hypersaline 

medium containing 0.5 M NaCl for further experiment. The isolates were incubated for 7 days at 25±2ºC 
ambient temperature with continuous photoperiod at 56 μmol photons m-2 s-1 under white fluorescent lamps. 
 
Culture condition: 

Dunaliella sp. 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 0.8x106 cells mL-1 was 
transferred into 230 mL medium containing 0.5 M NaCl. 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. 
 
Effect of salt and phosphate concentrations on growth and lipid production: 

The Nakhon Phanom 12, Se Sa Ket 24, Maha Sarakham 30  and Sakon Nakhon 32 samples were cultivated 
in liquid medium containing five different NaCl concentrations (0.5, 1.0,1.5, 2.0 and 2.5 M) to obtain the target 
salinity. Salt stress conditions were evaluated to determine the maximum lipid production. The effect of 
phosphate (KH2PO4 as phosphate source) was investigated at 1, 3, 7, 10 and 14 mg L-1. All of the experiments 
were grown in Dunaliella hypersaline medium in bubble column photobioreactor at 25±2 ºC temperature with a 
working volume of 250 mL. The light intensity and aerations conditions were 175μmol m-2 s- 1 PPF and 95% air 
containing 5% CO2 (v/v) at approx. 0.01 vvm (volume of air per volume of medium per minute) for 15 days. 
 
Effect of light intensity on growth and lipid content: 

Dunaliella sp. were cultured under different light intensity: 175, 400, 800 and 1000μmol m-2 s-1 PPF 
(continuous light) provided by a white fluorescent lamps. 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). 
 
Determination of growth rate: 

Microalgae growth was monitored by counting the cell number every 2 days for 15 days. The cell 
concentration was determined by a direct microscopic count with a 0.1-mm-deep Neubauer haemocytometer 
(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), as 
specified by Wood et al., [28] 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). 

 
Nile red staining method to measure the high lipid content of Dunaliella isolates: 

The amount of lipid in Dunaliella sp. was measured rapidly using improved Nile Red staining method [29].  
A stock solution of Nile Red (NR) ((9-diethylamino-5H-benzo[a]phenoxazine-5-one; Sigma, USA) was 
prepared by adding 5 mg of NR to100 mL of acetone. The solution was kept in an amber colored bottle and 
stored in the dark at 4ºC. Fifty µl of NR was added to 3mL of algal suspensions which was then vortexed for 1 
min prior to incubation for 10min in darkness at room temperature. Fluorescence intensity of a stained 
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suspension of microalgae was measured at an excitation and emission wavelength of 480 nm and 575 nm 
respectively using an LS-55 fluorescence spectrometer (PerkinElmer Corp.) normalized at an optical density of 
0.2 at wavelength 680 nm (OD680). The microalgae suspension without NR, considered as auto-fluorescence, 
was also measured and subtracted from that measured as NR fluorescence. 

 
Determination of biomass dry weight: 

Cultures (10 mL of algal suspension) in a pre-weighed centrifuge tube were centrifuged at 2,500×g for 10 
min to produce biomass pellets. 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. 
 
Total lipid extraction: 

Lipid extractions from Dunaliella isolates were carried out by slightly modification of the protocol by Bligh 
and Dyer (1959) [30]. 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 followed by 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  while shaking , 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.  The lipid containing chloroform layer was 
removed from water methanol upper layer by pipetting and placed into another pre-weighed vial. The difference 
between the weight before and after evaporation was represented as the weight of the microalgal lipids from the 
cultured samples. Lipid content was then calculated by the following formula: 
 

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

)L (mg lipid ofWeight 

1-

1-

×=
 

 
 

RESULTS 
 

Isolation and screening of lipid producing strains: 
Twenty four pure strains were isolated from the salt soil samples collected from the northeastern part of 

Thailand. These isolates were successfully cultivated in Dunaliella hypersaline medium to cell densities of over 
17×106 cells mL-1. These screened strains were morphologically identified as Dunaliella sp. by using the key of 
Borowitzka and Siva [27]. These 24 isolates were taken for screening of their lipid producing ability. 

 
Following isolation, a total of 24 isolated strains were prescreened via NR fluorescence of cellular neutral 

lipid. In general, most isolated strains had a growth cycle of 9 days to stationary phase. Based on NR method 
neutral lipid, the maximum yield of cellular lipid content in stationary phase was estimated. The NR 
fluorescence of neutral lipid content of isolated strains was shown in Table1. Among these strains, the four 
strains yielding the greatest neutral lipid content of 34.03, 41.18, 32.38 and 31.20 a.u., respectively than other 
strains. These four isolates had also higher specific growth rates than other strains, i.e. 0.73, 0.74, 0.65 and 0.66 
for, respectively. This indicated that these four strains had the high growth rate and ability to accumulated lipid. 
These strains were isolated from salt soil samples collected from Nakhon Phanom, Si Sa Ket, Maha Sarakham 
and Sakon Nakhon provinces and were named as KU12, KU 24, KU 30 and KU32, respectively. The KU stands 
for Kasetsart University where this research was performed. These four strains were taken for further study to 
optimize the culture condition for high lipid production. 
 
Effect of initial NaCl concentrations on cell growth and lipid content: 

The four selected strains were each grown under different initial NaCl concentrations for growth and lipid 
analysis. The highest growth rate was obtained in the culture grown under 1.0 M NaCl concentration on 9th day 
of inoculation (Data not shown). This indicates that all four isolates were halophilic in nature. Specific growth 
rates and/or average biomass increased as NaCl increased from 0.5 to 1.0 M whereas biomass was decreased as 
the NaCl increased from 1.5 to 2.5 M (Fig. 1).The maximum biomass concentration was observed in the culture 
grown in 1.0 M NaCl on 9th day of inoculation. In contrast, the microalgal biomass was decreased the culture 
grown under 1.5 - 2.5 M NaCl concentrations. From the result it was indicated that, initial NaCl concentration 
1.0M was considered to be appropriate to achieve high cell concentration for the four strains studied.  
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The lipid contents at the stationary growth phases of the four strains grown in different concentrations of 
NaCl were shown in Fig.2. The results showed that the highest lipid content was obtained by the culture grown 
under the concentration of 1.5 M NaCl. Maximum lipid content obtained 29.99, 34.63, 29.13 and 31.06% for 
strains KU12, KU24, KU30 and KU32, respectively. The lipid contents decreased when the salinity increased 
from 2.0 M to 2.5 M. Among the four strains, KU 24 showed the highest biomass and lipid content. 
 
Effect of NaCl addition during culture on cell growth and lipid content: 

To study the effect of NaCl addition on cell growth and lipid content, the culture was first grown under 1.0 
M NaCl concentrations, after that at the end of log phase 1.0 M NaCl was added to get the final concentration of 
NaCl 2.0 M. The lipid contents were measured at the end of cultivation. The cell biomass of all the four isolates 
grown under addition of NaCl were decreased but the effect was smaller than the marked inhibition by initial 
high concentration of NaCl (Table 2). The maximum lipid content was obtained in the culture grown under the 
addition of NaCl (38.73, 45.38, 37.73 and 39.81% for strains KU12, KU24, KU30 and KU32, respectively), 
which was apparently higher than that without addition of NaCl (Table 2, Fig. 1). The addition of NaCl (1.0 M) 
during culture with initial NaCl concentration of 1.0M could increase lipid content with a slight decrease in cell 
mass. 
 
The effect of phosphate concentration on growth and lipid content: 

The results represented in Fig. 3 showed that the four isolates of Dunaliella sp. were found to grow in all of 
the five concentrations (14, 10, 7, 3 and 1 mg L-1) of KH2PO4. The growth pattern indicates that on the decrease 
of KH2PO4, the growth was also decrease. The influence of initial inorganic phosphate content on the change of 
lipid content under the concentration of NaCl 1.0 M showed in Fig. 4. The maximum lipid content (38.16, 
46.05, 36.43, and 37.27% for strains KU12, KU24, KU30 and KU32 respectively) was obtained when the 
phosphate level was 3 mg L-1. Phosphate content in the range of 3–7 mg L-1 resulted in increased lipid content 
on 9th day of cultivation. The biomass and lipid content of KU24 were the highest among all isolates under 
phosphate limitation. 
 
Table 1: Growth rate, biomass and lipid content of selected microalgal strains 

Name of algal strain Cell density (×106 cells/mL) Specific growth rate (µ) Biomass g L-1 Relative fluorescence intensity 

(a.u.) 

Nakhon Phanom KU1 13.70±0.64 0.34±0.01 0.25±0.05 21.57±1.47 

Nakhon Phanom KU3 14.23±0.33 0.32±0.03 0.31±0.02 17.56±1.21 

Suin KU6 14.53±0.42 0.56±0.02 0.36±0.03 19.30±1.00 

Suin KU8 12.64±1.09 0.37±0.02 0.21±0.04 22.98±1.37 

Suin KU9 12.04±1.33 0.45±0.04 0.19±0.02 15.35±1.79 

Suin KU10 15.80±1.31 0.54±0.02 0.47±0.03 22.65±4.44 

Nakhon Phanom KU12 17.58±1.11 0.73±0.04 0.58±0.04 34.03±3.58 

Udon Thani KU17 15.69±0.61 0.59±0.01 0.42±0.04 12.17±1.79 

Korat KU20 14.30±0.89 0.45±0.02 0.37±0.05 14.31±2.66 

Buri Ram KU21 12.78±0.86 0.47±0.03 0.24±0.04 17.22±2.06 

Buri Ram KU22 13.81±0.96 0.49±0.01 0.41±0.03 18.15±1.74 

Roi Et KU23 13.28±0.61 0.45±0.01 0.34±0.03 16.13±2.91 

Se Sa Ket KU24 18.03±1.62 0.74±0.04 0.64±0.07 41.18±2.65 

Yasothon KU26 14.13±1.04 0.57±0.02 0.50±0.04 13.14±1.74 

Roi Et KU28 15.16±1.62 0.55±0.04 0.47±0.08 11.73±3.42 

Maha Sarakhan KU30 18.63±0.92 0.65±0.01 0.63±0.02 32.38±0.71 

Ubon Ratchathani KU31 14.6±1.50 0.63±0.02 0.35±0.05 25.96±2.40 

Sakon Nakhon KU32 16.85±1.18 0.66±0.02 0.57±0.10 31.20±1.00 

Korat KUVI 14.85±1.60 0.53±0.01 0.16±0.06 12.03±2.75 

Korah KUIX 15.49±1.12 0.62±0.03 0.40±0.04 17.41±1.25 

Chaiyaphum KUXI 15.16±1.47 0.49±0.10 0.39±0.03 9.27±0.97 

Se Sa Ket KU XIX 14.43±1.65 0.52±0.02 0.37±0.05 24.91±1.60 

Buri Ram KUXXII  13.03±1.61 0.53±0.06 0.25±0.04 8.70±1.42 

Buri RamKUXXIII 14.24±1.47 0.64±0.01 0.39±0.02 18.71±1.28 
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Table 2: Comparison of biomass and lipid content between initial NaCl and addition of NaCl at the end of log phase to get final  
               concentration 2.0 M 
 
Name of strain Control ( NaCl 1.0 M) Addition of 1.0M NaCl to final concentration of  2.0 M 

 Biomass g L-1 Lipid g L-1 % Lipid Biomass g L-1 Lipid g L-1 % Lipid 

KU12 1.013±0.16 0.3±0.03 29.99±4.67 0.98±0.14 0.38±0.07 38.73±5.40 

KU24 1.05±0.11 0.36±0.01 34.63±3.35 1.00±0.16 0.45±0.01 45.38±6.93 

KU30 1.006±0.15 0.28±0.02 29.13±5.36 0.95±0.11 0.35±0.01 37.73±5.45 

KU32 0.973±0.10 0.3±0.03 31.06±04.42 0.92±0.07 0.36±0.03 39.81±5.39 

 
 
Table 3:   Lipid content of Dunaliella strains in the present study and of other strains reported in the literature. 

Name of strain % Lipid content (Dry weight) References 

KU12 29-41 Present study 
KU24 34-51 Present study 
KU30 29-43 Present study 
KU32 31-43 Present study 
Dunaliella salina 45-55 Tornabene et al.,(1980) [5] 
Dunaliella salina 38- 44 Abd El-Baky et al., (2004) [45] 
Dunaliella salina 15-45 Weldy and Husaman (2006) [25] 
Dunaliella sp. 63-70 Takagi et al., 2006 [7] 
Dunaliella primolecta 23 Griffiths and Harrison (2009) [35] 
Dunaliella tertiolecta 31-35 Tang et al., (2011) [3] 

 
Effect of light intensity on the growth and lipid content: 

The growth and lipid content of four strains with fluorescent light under four levels of light intensity (175, 
400, 800 and 1000 µmol photons m-2 sec-1) with continuous illumination were showed in Fig.5. Culture grown 
under low light intensity (175 µmol photons m-2 sec-1) showed relatively low growth compared to moderately 
high light intensity (800 µmol photons m-2 sec-1). The highest biomass was obtained at a light intensity of 800 
µmol photons m-2 sec-1(1.06, 1.10. 1.04 and 1.03 g L-1) on the 9th day of cultivation. Growth was decreased at 
the highest photon fluence rate of 1000 µmol photons m-2 sec-1. The difference of algal growth culture grown 
among the four levels of light intensities indicated that 400-800 µmol photons m-2 sec-1 was more suitable for the 
growth of Thai Dunaliella sp. than other light intensities if nutrients were abundant in the medium.  

 
The maximum lipid content was obtained (44.67, 51.32, 43.27 and 43.30% for KU12, KU24, KU30 and 

KU32 strains, respectively) from the culture grown under light intensity of 800µmol photons m-2 sec-1on 9th day 
of cultivation (Fig. 6). A slightly decreased of lipid content was found in the culture grown at light intensity of 
400 µmol photons m-2 sec-1. Due to the high growth rates, cultivation under the light intensity of 800 µmol 
photons m-2 sec-1 resulted in higher lipid content. However, further increased in light intensity to 1000 µmol 
photons m-2 sec-1 resulted in a marked decreased in biomass and lipid content. The lipid yields enhanced the 
culture grown at the light intensity of 400-800 µmol photons m-2 sec-1 than the light intensity of 175µmol 
photons m-2 sec-1. The results indicated that 400 -800 µmol photons m-2 sec-1 would be a suitable range of light 
intensity for the accumulation of neutral lipid in column photobioreactors used for the batch culturing system. 
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Fig. 1: Effect of NaCl concentrations on cell growth of Dunaliella strains KU12, KU24, KU30 and KU 32    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Effect of NaCl concentrations on lipid content of Dunaliella strains KU12, KU24, KU30 and KU 32  
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Fig. 3: Effect of different KH2PO4 concentrations on cell growth of Dunaliella strains KU12, KU24, KU30 and  
            KU32 

 
 

 
Fig. 4: Effect of different phosphate concentrations on lipid content of four strains A: KU12, B: KU24, C: 

KU30 and D: KU32 
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Fig. 4:  Effect of different KH2PO4 concentrations on lipid content of Dunaliella strains KU12, KU24, KU30   
             and KU32        
 
 

 

                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Effect of different light intensity on cell growth of Dunaliella strains KU12, KU24, KU30 and KU 32 
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Fig. 6: Effect of different light intensity on lipid content of Dunaliella strains KU12, KU24, KU30 and KU 32 

 
DISCUSSION 

 
NR fluorescence represents as a high-throughput screening tool to select a high lipid producing strain from 

many isolates. The screening of microalgae intracellular lipid production was carried out in the maximum level 
of neutral lipid in stationary phase. Typically, protein synthesis is predominant over neutral lipid accumulation 
in the exponential phase of cell growth [29], where neutral lipid accumulation is elevated in the stationary phase 
as prevailing nutrients become limited and cell division is reduced. To isolate candidate strain(s) that 
accumulate high neutral lipid, NR was used to stain selected strains in stationary phase. Every strain responded 
rapidly to NR staining, where emission of NR fluorescence was representative of total intracellular neutral lipid 
[31]. Among the locally isolated strains, 4 strains (KU12, KU 24, KU 30 and KU5) displayed the best potential 
since they met the balance between relatively high growth rate and high intracellular lipid content. Previous 
studies have also reported Dunaliella sp. as having a high biomass and lipid production potential [2]. 

 
The Dunaliella species isolated from the salt soil sample in northeastern part of Thailand differed in their 

capacity for growth at varying NaCl concentrations (Fig. 1). The growth rates of Thai Dunaliella strains were 
higher when compared to that of D. salina and D. viridis isolated from salt ponds in Araya, Venezuela [32], 
Atha-lassic Lake in Spain [33], and Gave-Khooni salt marsh in Iran [34]. Increase of initial NaCl concentration 
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from 0.5 M to 1.0 M increase cell concentration, which might be due to salt tolerant character of Dunaliella 
cells. Although initial NaCl concentration higher than 1.5 M decrease cell growth. Griffiths and Harrison (2009) 
[35] studied 11 different algal species including freshwater, marine and halotolerant species and demonstrated 
their biomass productivities. Compared to the reported biomass productivities in previous studies, both the 
highest biomass concentration and average biomass productivity of isolated Dunaliella strain showed very good 
potential. 

 
From the results the lipid accumulation by Dunaliella strains increased at initial NaCl concentrations from 

1.0 to1.5M whereas lipid content decreased when the salt concentrations increased 2.0 M to 2.5 M. Addition of 
NaCl 1.0 M at the end of log phase during cultivation with initial NaCl concentration of 1.0 M further increased 
the lipid content (Table 2). Our results are in accordance with [7] who noted that addition of 0.5 M or 1.0 M 
NaCl during cultivation with initial NaCl 1.0 M increased the lipid contents (67-70%). Dunaliella sp. isolated 
from an Antarctic hypersaline lake, the total saturated and monounsaturated fatty acids increased when the 
salinity increased from 0.4 M to 4 M in the cultures [36]. Hadi et al., [34] reported that lipid accumulation can 
be induced by high salinity in D. salina. The microalgae, Nannochloropsis salina grown at initial NaCl 22 PSU 
until the stationary phase and then increased salinity 34 PSU increased the lipid content (36% dry weight) [37]. 

 
From the results of this study it can be observed that growth of algal cultures under phosphate limitation 

was decreased but increased the overall lipid production. The results of the present study are similar the 
previous reports that marine microalgae Picochlorum sp. produced highest lipid contents under phosphate 
starvation [38,18]. El-Sheekh and Rady (1995) [19] studied the effect of phosphorus starvation on growth, 
photosynthesis and some metabolic processes in the unicellular green alga Chlorella kessleri. They suggested 
that chlorophyll content decreased during the incubation period of phosphorus starvation whereas there was an 
increase in the dry weight production which is pronounced when the phosphorus reached a minimum at the end 
of incubation. The fatty acid profile is dominated by mono-unsaturated and polyunsaturated acids, and is 
therefore suitable for aqua-culture feeding due to the phosphate limitation. These results are in accordance with 
those obtained by others [39].They reported that the cellular total lipid content of Monodus subterraneus 
increased, mainly due to TAG accumulation. The green alga Scenedesmus sp. subjected to nitrogen or 
phosphorus limitation showed an increase in lipids [40]. 

 
Light intensity has a major role in determining the quantity and quality of lipids produced by microalgae. 

The growth and lipid content of isolated strains increased under moderately high light intensity. The biomass 
and lipid content decreased at the light intensity 1,000 µmol photons m-2 sec-1 suggested that excessive 
illumination would inhibit the biomass production and lipid production ability, which was commonly 
recognized as the photo-inhibition effect. 

 
Weldy and Huesemann (2007) [25] reported that Dunaliella salina grown under high light intensity (800 

μmol photons m−2 s−1) increased the biomass and lipid content than low light intensity (200 μmol photons m−2 
s−1). An increased growth rate corresponding to the light intensity was also noted in Dunaliella viridis when it 
was cultivated under the light intensity upto 700 μmol photons m−2 s−1 but decreased when the light intensity 
increased from 700 to 1,500 μmol photons m−2 s−1 [24]. They also observed that increased in triacylglycerols in 
the Dunaliella viridis when passing from darkness to 1,500 μmol photons m−2 s−1.Tang et al (2011) [3] reported 
that microalgae Dunaliella tertiolecta, the culture grown under the increasing level of light intensity (100, 200, 
and 350 μmol photons m−2 s−1) exhibited increased growth rates.  

 
For photoautotrophic microalgae, light is the basic energy source, strongly influencing cell growth and CO2 

fixation in the photosynthetic system, and may also change the biochemical composition of microalgae, such as 
carbohydrates or lipids [41]. Algal growth is limited by insufficient light, but also may be inhibited by over 
exposure. Outdoor light intensity is about 2,000 μmol photons m−2 s−1 in equatorial regions. 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. 
Light intensity, at least in the range for this study, had a significant effect on productivity. Pulz (2001) [42] 
reported that some Picoplankton species grow with optimal rates at 50 μmol photons m−2 s−1 and are photo-
inhibited at 130 μmol photons m−2 s−1, while Phanerophytes have light limitation values of 900 μmol photons 
m−2 s−1. In previous study it was reported that, the light saturations value were 185 μmol photons m−2 s−1 for 
Phaeodactylum tricornutum [43] and 200 μmol photons m−2 s−1 for Porphyridium cruentum [44]. It is clear that 
there are wide variations in the nature of algal strains and their dependence on light intensity for growth. Thus, 
high lipid productivity should be achieved in a photobioreactor with reducing the light intensity below the light 
saturation constant for when a microalga was cultivated outdoor. 
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The lipid content of the newly Thai isolated strains and other reported algae was showed in Table 3. The 
lipid content observed with the Thai strains was competitive with those of other reported strains. The ability to 
increase lipid by these strains would be potential economic feasibility of mass culturing Dunaliella sp. It is the 
opinion of the authors that the halophilic microalgae Dunaliella sp. has great potential to provide large 
quantities of lipid yield that can be converted into biodiesel but further improvements would be needed for 
commercial application. 
 

CONCLUSION 
 

From 24 isolated strains, four strains of Dunaliella namely, KU12, KU24, KU30 and KU32 had the ability 
to produce lipid. The Dunaliella cell cultures grown under initial NaCl concentration of 1.0 M and the addition 
of 1.0 M NaCl during the culture resulted in high lipid content. Thai Dunaliella sp. cultures grown under low 
phosphate medium led to a considerable increase in lipid content. Biomass and lipid production were enhanced 
in these strain when the cells were grown under the light intensity of 800μmol photons m−2 s−1. Among the four 
strains, KU24 fulfills the major requirements for lipid production, including high lipid content, yield and 
productivity in the growth medium when compared to previous study. The lipid content of KU24 increased from 
34 to 45, 31 to 46 and 34 to 51% when exposed the algal cells to the salinity stress, phosphate limitation and 
moderately high light intensity, respectively. The result indicated that The Thai isolated Dunliella sp. under 
different stress conditions had the ability to accumulate a considerable yield of lipid. Thus further research 
efforts are required to optimize culture conditions to elevate the yield to commercially attractive levels. The 
outcome of this research could make large scale biodiesel production economically feasible by increasing the 
lipid productivity. 
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