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Abstract 

The genus Dunaliella is a halotolerant microalgae are common in hypersaline environments. Additionally, different 

species of Dunaliella can accumulate significant amounts of valuable fine chemicals such as carotenoids, glycerol, lipids, 

vitamins, minerals and proteins. Modified Johnsons medium is widely used for growing Dunaliella species, however, 

without air supplement the growth of algae was slow. The new medium was designed based on the modified Johnsons 

medium with altering the concentration of MgSO4, NaHCO3 and addition of NaVO3 and elimination of MgCl2. This medium 

was named as, Ramaraj medium. Pure cultures of Dunaliella species were isolated from the salt soil samples namely, KU07, 

KU08, KU11, KU13 and KU16. All the isolated strains grew fast in Ramaraj medium. Among these isolates the growth 

curve of KU11 was taken for comparing the two media. The growth of KU11 was faster and better in Ramaraj medium than 

in the modified Johnsons medium in all the different NaCl concentrations (0.5, 1.0, 1.5 and 2.0 M). The result showed that 

Ramaraj medium is useful for culturing of Dunaliella species. 
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Introduction 

Dunaliella salina was first recognized by 

Teodoresco (1905). Dunaliella species belong to the 

phylum Chlorophyta, order Volvocales and family 

Polyblepharidaceae, and they are unicellular, 

photosynthetic and motile biflagellate microalgae 

morphologically distinguished by the lack of a rigid cell 

wall (Ben-Amotz et al., 1987). It can adapt to hypersaline 

environments ranges from 0.05-5.5 M NaCl (Chen and 

Jiang, 2009; Polle et al., 2009). Dunaliella species are of 

ovoid form, flagellated and lack a rigid polysaccharide 

wall, although they are enclosed by a mucilaginous 

glycoprotein coat called a glycocalyx and the size varying 

from 5-25 μm in length and 3-13 μm width (Oren, 2005; 

Borowitzka and Siva, 2007). It can be found in euryhaline 

water on all continents. 

Some Dunaliella strains can accumulate β-carotene 

and glycerol, properties with economical interest that have 

led, since the 1980s, to the large-scale culture of these 

algae in several countries such as Australia, China, Israel, 

and India with pilot-scale projects attempted in other 

countries (Chile, Spain, Iran) (Del Campo et al., 2007; Raja 

et al., 2008). D. salina and D. bardawil are the main 

natural sources of β-carotene (up to about 10-14% of algal 
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dry weight) and also the most extensively analyzed strains 

in terms of physiological abiotic stress adaptations 

especially under mass culture conditions (Oren 2005; Raja 

2007). Not only but also Dunaliella species have been 

found to have unusually high contents of total lipids and 

polyunsaturated fatty acid (PUFA) such as 16: 4 as well as 

18: 3 (Ben-Amotz et al., 1982; Evans and Kates, 1984; 

Mendoza et al., 1999). These properties of Dunaliella 

species have prompted an interest in the accumulation of 

lipids (including sterols) associated or not with carotenoid 

biosynthesis for commercial use.  

The physiology of Dunaliella, especially D. salina 

is reviewed in detail by Borowitzka and Borowitzka (1988) 

and the present account will only consider the most 

important facets for mass culture. The most commonly 

used medium for culture of Dunaliella is modified 

Johnsons medium. However, these algae can also be grown 

in a wide range of other media including Guillard's F/2 

medium, modified ASP medium and enriched seawater. 

Our previous study found that the growth of Dunaliella 

species was reduced and slower in modified Johnsons 

medium without aeration. For this reason the new medium 

was designed to grow Dunaliella species. 

Materials and Methods 

Experimental setup 

Initially five different sets (A, B, C, D and E) of 

medium with 1.5 M NaCl had been prepared and tested 

with KU11 strain (Dunaliella species) for growing without 

aeration. Medium A is modified Johnsons medium 

(Borowitzka, 1988) with pH 7.3. Medium B is modified 

Johnsons medium (Borowitzka, 1988), the pH was adjusted 

to 7.5 before adding NaHCO3. In medium C KCl, 

micronutrients and iron concentration were altered as 

shown in Table.1. The pH of the medium C is adjusted to 

7.5 before adding NaHCO3. Medium D is the Ramaraj 

medium with adjusting the pH 7.5 before adding NaHCO3. 

Medium E is Ramaraj medium with 7.2. All the 

experiments were carried under the white fluorescent light 

of 52.84 µmol photons m-2s-1 at 25°C and then the algae 

were allowed to grow. 

Growing of algae in different salt concentrations 

 The KU11 were grown in liquid Ramaraj medium 

and modified Johnsons medium containing four different 

NaCl concentrations (0.5, 1, 1.5 and 2 M) and incubated at 

25±2°C under white fluorescent light of 52.84 µmol 

photons m-2s-1 without aeration. The flasks were shaken at 

110 rpm/min in the orbital shaker. All of the experiments 

began by inoculating 10 ml of the flask volume with algae 

in the logarithmic growth phase. For comparison of both 

medium the cells were grown with different NaCl 

concentrations as mentioned above to obtain the target 

salinity.  

Culture condition 

From the five pure cultures, the single colony was 

picked and grown in 1 liter of Ramaraj medium containing 

6% NaCl. Then the culture was incubated at 25±2°C under 

24 h light with white fluorescent light of 52.84 µmol 

photons m-2·s-1 for 15 days.  

Cell counts 

Cell growth in both medium (liquid Ramaraj and 

modified Johnsons medium) in different salinities, cell 

counting was done every day by using a light microscope 

(Olympus CH30) and haemocytometer (Neubauer).  

Statistical analysis 

Results are depicted as mean of three replicated 

studies. Statistical analysis and graphical illustrations were 

performed by using the Table curve 2.0 software and 

Microsoft Excel program.  



 

Results 

From the five different sets of medium with 1.5 M 

NaCl, the modified Johnsons medium A & B showed 

slightly growth when compared to Ramaraj medium D & E 

from both media (Fig. 1). There was no growth in the 

Medium C. It is clearly indicated that Ramaraj medium     

D & E were good for growth of Duanliella species when 

compared with modified Johnsons medium without 

aeration in the laboratory condition. In Ramaraj medium, 

after an initial lag phase, rapid exponential growth with a 

doubling time was achieved on day 2 and reached the 

maximum growth on day 3. The maximum rate of biomass 

production, as determined from the rate of the increase in 

culture density, was obtained on day 5. By days 10 to 11, 

the growth had ceased. Among the four different NaCl 

concentrations in Ramaraj medium, 0.5 M, 1.0 M and 1.5 

M showed better growth when compared to 2.0 M NaCl 

(Fig. 2).  

In the modified Johnsons medium the initial growth 

rate was reduced, but these cultures cell densities was not 

reached as compared to Ramaraj medium. In modified 

Johnsons medium the cell number was only high in 0.5 M 

and then followed by 1.5 M, 1.0 M and 2.0 M NaCl (Fig. 

2). By comparing Ramaraj medium with modified 

Johnsons medium with four different NaCl concentrations 

(0.5, 1.0, 1.5, and 2.0 M), the KU11 strain showed very 

fast and better growth (cell numbers) in Ramaraj medium 

(Fig. 2). Other strains of Dunaliella species which were 

isolated from the salt soil samples were also tested in 

Ramaraj medium namely, KU07, KU08, KU11, KU13 and 

KU16 in both liquid and agar media (Figs. 3A and 3B). All 

the isolated species grew very fast within 4 days. These 

results showed a strong evidence that Ramaraj medium is 

one of the best medium for growing Dunaliella species 

without aeration under the laboratory conditions. 

Fig. 1. Growth comparison of KU11 strain, the growth was 

higher in Ramaraj medium (D & E) when compared to 

modified Johnsons medium (A & B) 

Discussion 

Microalgae required carbon and nitrogen for their 

growth. All Dunaliella spp. are strictly photoautotrophs 

and are able to uptake CO2 and HCO3
- during 

photosynthesis. D. tertiolecta has an extracellular carbonic 

anhydrase enzyme which converts HCO3
- to CO2 i.e., the 

algae can utilize HCO3
-
 (Borowitzka, 1990).  For D.salina 

supplying of inorganic carbon is important, but the 

solubility of inorganic carbon is low when they are grown 

at very high salinities. D. salina which can be able to grow 

in high temperature and pH, usually found in the natural 

brines, the most of the inorganic carbon (>99%) is in the 

form of CO3
2- which algae are unable to uptake 

(Borowitzka, 1990). From this result Ramaraj medium was 

designed with high sodium bicarbonate (NaHCO3) as a 

carbon source and potassium nitrate as a nitrate source for 

the good growth of algae. The C: N ratio in Ramaraj 

medium is 4:1 (Table 1). Potassium dihydrogen phosphate 

is the best source of P and the optimal concentration is 

about 0.02 to 0.025 g.L-1 K2HPO4 (Mil'ko, 1962; 

Borowitzka, 1990). Because high concentration of 

phosphate may inhibit the algal growth so the 

concentration of phosphate is lowered in Ramaraj medium.  



 

Table 1. Chemical composition of modified Johnsons medium (A&B), medium C were the altered the concentration of KCl, 

micronutrients and iron and medium D&E are Ramaraj media 

Chemicals 

Modified     

Johnsons 

Medium A                 

Modified     

Johnsons 

Medium B                 

Medium C     
RAMARAJ 

Medium D  

RAMARAJ       

Medium E   

1.Macronutrients (mg/L)      

H3BO3 0.61 0.61 9.28 9.28 9.28 

(NH4)6Mo7O24·4H2O 0.38 0.38 - - - 

CuSO4·5H2O 0.06 0.06 - - - 

CoCl2·6H2O 0.05 0.05 0.05 0.05 0.05 

ZnCl2 0.04 0.04 0.11 0.11 0.11 

MnCl2·4H2O 0.04 0.04 1.98 1.98 1.98 

Na2MoO4 - - 0.49 0.49 0.49 

NaVO3 
1/

 - - 0.24 0.24 0.24 

CuCl2·6H2O - - 0.05 0.05 0.05 

2.Macronutrients (g/L)      

MgCl2·6H2O 1.5 1.5 - - - 

MgSO4.7H2O 0.5 0.5 1.23 1.23 1.23 

KCl 0.2 0.2 15.76 0.2 0.2 

CaCl2.2H2O 0.2 0.2 0.044 0.044 0.044 

KNO3 1.0 1.0 0.5 0.5 0.5 

KH2PO4 0.04 0.04 0.014 0.014 0.014 
FeCl3.6H2O 

2/
  0.0024 0.0024 0.0005 0.0005  0.0005 

Na2EDTA 0.0018 0.0018 0.074 0.074 0.074 

NaHCO3
 3/

  0.04 0.04 2.1 2.1 2.1 

3. NaCl (g/L)  87.7 87.7 87.7 87.7 87.7 

pH
4/

 7.3                            7.5
*
 7.5

*
 7.5

*
 7.2 

1/ 
Heat to Dissolve. 

2/
 For Ramaraj medium, prepare 0.5 M Na2EDTA stock and take 400 µl from the stock to dissolve FeCl3.H20.

 

3/ 
Separately autoclave and let the medium cool down to room temperature before adding NaHCO3. 

4/ 
pH checked before adding NaHCO3. 

* 
Checked and adjusted the pH to 7.5 before adding NaHCO3. 

 
Fig. 2. Growth kinetics of KU11 strain in Ramaraj medium and modified Johnsons medium. The growth was higher and 

faster in Ramaraj medium than modified Johnsons medium. 



 

Fig. 3. Growth of different Dunaliella strains (KU07, 

KU08, KU11, KU13 and KU16) in both Liquid (A) and 

Agar (B) Ramaraj media 

 

 

Dunaliella requires Mg2+ and Ca2+ ions which are 

very important for their growth and it can tolerate to the 

concentration ranging from 0.8 to 20.0 mg.L-1. In Ramaraj 

medium MgSO4 and CaCl2 were added as Mg2+ and Ca2+ 

sources. The optimum Cl-:SO4
2- ratio for growth in D. 

salina is 3:2 (Borowitzka, 1990). The mechanism of 

interaction between anions and cations is still remains 

unclear. In high salinity environment the utilization of Fe is 

low and it can be easily up taken and utilized by Dunaliella 

species. If Fe concentration is too high during the 

hypersaline environment it may inhibit the growth of algae. 

According to Mil'ko (1962) the optimum concentration for 

iron in D. salina and D. viridis lies between 1.25 to 3.75 

mg.L-1. The iron should be supplied in a chelated form 

such as iron citrate or Fe-EDTA. And very little amount of 

trace element is needed for the growth of algae 

(Borowitzka, 1990). Various trace elements such as Zn, 

Co, Cu, Mo and Mn are usually added to Dunaliella 

medium. A very little amount of micronutrients and Fe-

EDTA were added to Ramaraj medium for the efficient 

growth of the algae. 

The growth variation of the strains is based on the 

temperature and pH. The optimum growth temperature for 

D. salina is in the range from 20 to 40°C (Borowitzka, 

1981). There is also a strong interaction between the 

growth rate, temperature, light intensity and salinity 

(Gimmler et al., 1978; Borowitzka, 1988). The optimum 

pH for growth for the marine D. tertiolecta is 6, whereas 

for the halophilic D. salina and D. viridis it is about 9. So 

the isolated strains from the salt soil samples grown in 

Ramaraj medium at 25°C and pH 7.5 is suitable for the 

better growth of the algae. Vanadium salt has high 

biological significance. In low concentrations, vanadium is 

an essential element for growth and development of algae 

(Kordowiak et al., 2007). In this study, little amount of 

sodium metavanadate is added to Ramaraj medium for 

good growth of the algae. 

Conclusion 

Based on this result Ramaraj medium is one of the 

best medium for growing of Dunaliella species this may be 

due to presence of high sodium bicarbonate as a carbon 

source and also vanadium ion. Sodium bicarbonate is a 

strong buffering agent. This will be helpful for maintaining 

the pH in the medium throughout their growth. The C: N 

ratio was very high and also the presence of vanadium salt 

in Ramaraj medium leads to increasing the growth of the 

algae without aeration when compared to modified 

Johnsons medium.  
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