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Abstract: In the present work, the effect of sodium (Na*) and potassium (K") ions on the growth and fatty acid profile of
marine microalgae Dunaliella salina was investigated. The cell growth was determined in two different phases. The
growth, lipid productivity and fatty acid profile of D.salina were determined and compared under K' ion and Na" ion
deficient and control conditions. D.salina under K" ion deficient condition exhibited higher cellular lipid content (23%)
than the cells grown under control condition (20%). However, no growth was observed in Na' ion deficient batch.
Optimum content of all fatty acid compositions (SFA = 29.39, MUFA = 20.43, PUFA = 29.15) with appropriate biodiesel
properties were obtained under K" ion deficient conditions. The results suggests that the K" ion deficient condition has a
significant effect on lipid content and fatty acid profile, thus D.salina grown in K* ion deficient condition holds great

potential for the lipid-based biofuel production.
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1. INTRODUCTION

The halo tolerant species Dunaliella salina is a
flagellate eukaryotic algae that lacks cell wall and found
in saline environment exhibiting optimal growth at
different salt concentrations that turn orange - red
under particular culture conditions [1]. Dunaliella salina
strains are probably the most successful microalgae in
mass cultivation due to their high salinity requirements,
which minimize the number of competitors and
predators [2]. Presently commercial cultivation of
microalgae is targeted for direct human consumption
for the health food market, and for extractable
compounds such as nutritional supplements or food
additives (e.g. B carotene colouring, xanthophyll
pigments like astaxanthin, and the fatty acids DHA and
EPA) [3].

Smith et al. revealed that the uptake of K into algal
cells was mediated by a K:Na" symport with a 1:l
stoichiometry ratio [4]. Even in higher plants
(charophytes), it has been demonstrated that the
uptake of K in K* starved cells are depended on Na*
availability.

Dunaliella cells in nature are often subjected to wide
fluctuation of salt concentrations and can tolerate a
broad range from low salinity to almost saturated NaCl
solutions (50mM to 5M NaCl). The major mechanism of
osmoregulation in this species is through production of
glycerol at concentrations that are proportional to the
external NaCl concentrations. In the present study, a
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wild strain Dunaliella salina was grown in sodium
deficient medium and potassium deficient medium, and
the growth and lipid accumulation were compared with
the standardized media. The aim of this study was to
check the effect of potassium and sodium ions on the
lipid and fatty acid content of the species.

2. MATERIALS AND METHODS
2.1. Strain and Media

Marine microalgal strain Dunaliella salina was used
in the present study. The strain was maintained in the
growth media consisting of MgCl,.6H,O 1.5g;
MgS0,.7H,0 0.5g; KCI 0.2g; CaCl,2H,0 0.26g; KNO3
0.5g; Tris 0.6g; FeCls 1.5mg; KH2PO4 0.1g per litre.
The stock cultures were incubated at 25+2°C with light
intensity of 41pmol m™s™ and photoperiod of 16 hour
light: 8 hour darkness in 250ml glass jars.

2.2. Experimental Setup

Batch experiments were carried out in three
different media batches 1) Na ion deficient II) K ion
deficient Ill) control. Na® ion deficient medium was
prepared by replacing the Na ions with K ions. At
equimolar concentration (63.78g/l) KCI was replaced by
(50g/l) NaCl. K" ion deficient media was prepared by
replacing the K ions with Na ions, (4.2g/l) NaNO3; was
replaced by (5g/l) KNO3, (1.57g/l) NaCl was replaced
by (2g/l) KCI and (0.22g/l) NaH2PO4 replaced by
(0.2g/l) KH2PO4 and control media was prepared as
mentioned in (Table 1). All the three sets of media were
added in 300ml glass jars and working volume was
kept as 200ml in triplicates and autoclaved. The
sterilized media was inoculated with the exponential
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phase culture of Dunaliella salina; closed with cotton
plug caps and sealed with clean wrap. Cultures were
incubated under 16:8 light and dark condition at
25+2°C and the growth was observed till 25 days
(Phase 1).

The cultures during the exponential phase in each
jar were inoculated into 1| Erlenmeyer flask containing
800ml of medium at a proportion of 10% (v/v) and
incubated under similar conditions for 25 days (Phase
I). In order to avoid carry over effect the cultures were
transferred from similar media (K" or Na* deficient) for
at least two subcultures. To determine the growth of
the cultures, samples were collected at five days
interval and assayed by measuring the optical density
(OD) at 680nm using Shimadzu UV-Vis
spectrophotometer. Each sample was analyzed twice
and the average value was calculated.

Table 1: Components and their Concentrations in
Control and K*, Na* Deficient Media

Components Control Na' Deficient K* Deficient
KNO; 0.2g/1 0.29/! ]
KCl 0.5g/! 63.78¢/l ;
NaCl 50g/I - 50g/I
KH,PO, 0.2¢g/1 0.2¢g/1 -
NaNOs - - 0.42g]!
NaHzPO. - - 0.22g/1

2.3. Biomass Determination

Three sets of Dunaliella cells were harvested by
centrifugation at 7000rpm for 15 minutes [5], after
completion of 25 days. Concentrated samples were
washed with distilled water and dried at 45°C for 24
hours and measured. The weighed biomass was used
for lipid extraction.

2.4. Lipid Extraction and Fatty Acid Analysis

Lipid was extracted from the dried biomass
according to Folch [6] method using chloroform:
methanol (2:1) and water. The extract was centrifuged
at 5000rpm for 10 minutes for phase separation. The
upper layer (methanol — water layer) was removed and
the chloroform layer containing lipid was collected.
Chloroform was evaporated from extracts to yield the
resultant algae lipid, which was weighed
gravimetrically.

Lipid content (%) and lipid productivity (g/l/day)
were calculated as follows;

Lipid content (Cjpig) = (wt. of lipid / wt. of sample) x 100
Lipid productivity = (Cjipig X DCW) / t

Where, Cjiq is the lipid content (%), DCW is dry cell
weight (g/l) and t is the time interval (days).

Lipid extracts were converted to methyl esters with
methanolic HCI and hexane. Fatty acid methyl esters
(FAME) were prepared by adding 1ml of concentrated
HCI with 5ml methanol. The mixture was heated at 80—
90°C in a water bath for 30min. Hexane (1ml) was
added into the vial after methylation. Top hexane layer
containing methyl esters were placed into GC vials for
GC analysis (Agilent 6890N (USA)) equipped with a
DB-5 column (0.2mm ID, 30 m, 0.25mm film by
Agilent). The temperature program was started at 2°C
and was increased by 50°C min'1 to 250°C. Peaks
were integrated with ChemStation and identified by
comparison of retention times with pure standard
(Sigma). System performance was checked with blanks
and standard samples prior to analysis. Concentration
was expressed in mg/ml which was converted to
percentage. All the tests were performed in triplicates.
Degree of unsaturation is calculated to determine their
potential as a biofuel on the basis of a significant
biofuel property, cetane number [7].

Degree of unsaturation (DU) = MU +2 (PU)

Where, MU is the percentage of monounsaturated fatty
acids and PU is the percentage of polyunsaturated
fatty acids.

3. RESULTS AND DISCUSSION

3.1. Effect of Na'/K* lons on the Growth of
Dunaliella salina

Dunaliella salina can survive in a solution containing
5mol/L NaCl and grow rapidly in the medium containing
1 to 2 mol/L NaCl [8]. The physiological mechanisms
by which D.salina or a higher plant tolerates high Na*
stress via its K'/Na® selectivity [9]. In this study the
complete deprivation of Na‘/K" ions on the growth and
fatty acid profile of Dunaliella salina was investigated.

The growth of Dunaliella salina present in the media
routinely used for its growth (control) and the media
deficient in potassium (K ion deficient) were exhibited
similar growth pattern (Figure 1). In Na’ deficient
medium however, resulted in reduced cell division. The
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Figure 1: Growth of D. salina (Phase 1 and Phase 2) in three different media sets. Error bars represent standard errors (n=3).

cells showed lower cell density and entered in the
decline phase much earlier (5 — 10 days). The growth
of D.salina cells impaired due to two reasons |I)
absence of Na' ions in the media Il) presence of high
K" ions.

The sodium deprived cells lost chlorophyll and
turned white. Na® deficiency causes impairment in
photosynthesis. The defects are due to reductions in
chlorophyll content, phycocyanin. Photoevolution of O,
and ribulose bisphosphate carboxylase activity [10, 11].
The high K" or alkaline pH inhibits the photosynthesis
of Dunaliella salina (Shu-Yin [9]. In our experiment, the
cell growth was observed for initial 5-10 days after that
the growth was declined, perhaps it is the fact that
initially cells came from the routine media and it took
them a while to react to the high dose of K. (Figure 1)

The cultures on potassium deprived medium during
the exponential phase showed biomass density and
growth similar as measured that in the control.
However, no growth was observed in the cells that
were fransferred to the fresh media of similar
composition and were deprived of sodium ions.

3.2. Effect of Sodium and Potassium lons on Lipid
Content

Dunaliella salina is a marine microalgae which
thrives under high NaCl. Earlier studies have
demonstrated that the monovalent cations such as
sodium can have a significant impact on lipid
membranes. The impact of potassium ions on
phospholipid membranes seems to be weaker
compared to sodium ions. Similar with the results

obtained in this study, exposing D.salina strain at K"
ion deficient condition resulted in increasing lipid
productivity as well as total lipid content than lipid
obtained in control batch. The Na’ deficient medium
had practically no biomass and thus could not be
evaluated for lipid (Table 2).

Table 2: Total Biomass/Lipid Content of Dunaliella
salina in Three Different Growth Media after 25
Days
+ . . Na
Batches Control K" deficient . .
deficient
Biomass (g/l) 0.813+0.01 | 0.755 + 0.02 -
Biomass Productivity
(mg/l/day) 32.52 30.2 -
Lipid content (%) 20 23 -
Lipid Productivity
(giday) 0.8 0.92 -

3.3 Effect of Sodium and Potassium lons on Fatty
Acid Profile

The fatty acid compositions of microalgae oil may
vary to individual species/strains and their environmental
conditions [12, 13]. The identification of lipid
composition in selected algae strain is essential for
determining the suitability of biodiesel and fuel quality.
Therefore, fatty acid biosynthesis of K ion deficient
batch and control batch were investigated (Table 3).
The lipids of D.salina contained high proportion of C16
and C18 polyunsaturated fatty acids (PUFA) and
noticeable amount of long chain polyunsaturated fatty
acid such as (LCPUFA) C20, C22 and C24 [14].
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Similarly in this study, the quantitative difference was
observed in the fatty acid composition of control and K
deficient grown cells. Palimitolic acid (C16:1) (8.39%),
alpha linolenic acid (C18:3) (24.8%), Heptadecanoic
acid (C17) (9.01%) and Arachidic acid (C20) (8.59%)
were the principal fatty acids present in K deficient
grown Dunaliella cells. In control medium grown cells, it
was observed that there was a considerable increase
in alpha linolenic acid (C18:3) (47.51%) and it has been
reported in the previous studies that K* is necessary for
the production of 18-carbon unsaturated fatty acids
especially 18:3 [15]. The degree of unsaturation (DU)
of the oil defined by Ramos et al. (2009) is an important
parameter in determining the cetane number and
iodine value of the final biodiesel product. Oils that
have unsaturation degrees higher than 137 does not
meet the European Standard for cetane number.

Table 3: Fatty Acid Profile of Dunaliella salina in Two
Different Growth Media

Batches K’ Deficient Control
Cc12 6.72 1.87
C14:1 1.18 1.39
C15 5.07 1.43
C15:1 4.82 1.43
C16 2.56 Nd
C16:1 8.39 10.3
c17 9.01 3.87
C17:1 0.491 14
C18:1 5.543 13.59
C18:2 TANS Nd 0.723
C18:3 24.8 47.51
C18:3 (3) 1.07 2.34
C20 8.59 5.06
C22:2 2.55 712
Saturated 29.39 18.18
Monounsaturated 20.43 23.32
Polyunsaturated 29.15 56.97
DU 78.73 142.05
C18:1 6.72 1.87

Nd- below the limit of detection.

Higher iodine value represents more unsaturation in
oil. The DU for the algal oil extracted from the K"
deficient cells of Dunaliella salina was (78.73), which
was lower than the control medium grown cells
(142.05). Therefore K* deficient grown Dunaliella salina

can be recognized as a good lipid producer for
biodiesel based on the DU values.

CONCLUSIONS

Growth and fatty acid profile of Dunaliella salina
were tested in the growth media with complete
deprivation of K' ions and results of the study
suggested that the absence of potassium ions in the
growth medium did not affect the growth of Dunaliella
salina and the lipid accumulation was comparatively
higher than control batch. Owing to the special
characteristic of fatty acid profile and the degree of
unsaturation, K* ion deprivation is an ideal condition for
producing biodiesel using D.salina strain.
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