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The halotolerant species Dunaliella salina is known to contain valuable
products such as glycerol, - carotene and unsaturated fatty acids. The
commercial cultivation of Dunaliella for the production of f-carotene
1s now very successful in many areas of the world. A successful attempt
to isolate and cultivate this species from a hypersaline lagoon located
in the Southern part of Bahrain has been made in 2009. Growth rate
and chlorophyll @ and b concentrations were measured under controlled
conditions. Mass production of D. salina for commercial reasons can be
greatly implemented in Bahrain.
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Introduction

Dunaliella salina (D. salina) species is a motile,
unicellular green algae (Chlorophyta). It has two
long flagella but lack rigid cell wall, the cells are
rod to ovoid shaped (9 - 11 um), and are common
in marine waters. This type of organisms are
relatively simple to cultivate and do not clump
or form chains. Dunaliella salina is one of the
most salt- tolerant eukaryotic alga and can grow
in saturated media with Sodium Chloride (Ben-
Amotzand Avron, 1990). Itis also known to tolerate
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high temperatures, high photon flux densities
and low nutrient concentrations (Borowitzka and
Borowitzka, 1990); (Phadwala and Singhb, 2003).

This species is able to yield three major valuable
products: glycerol, - carotene and proteins (Tsai
et al., 2012). It is capable of accumulating large
amount of glycerol in response to extracellular
osmotic pressure. Additionally, Dunaliella salina
is a unique source of f- carotene that is produced
in response to high light intensities, nitrogen
starvation, high salinity and high temperature
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(Pisal and lele, 2005). This species has the highest
concentrations of f- carotene of any organism
(Borowitzka and Borowitzka, 1990). It has
been found that the concentration of /- carotene
increased with the increase in salt concentrations
(Al- Hasan et al., 1987) . In 1986, commercial
production of Dunaliella salina has been
commenced in Australia, the USA and Isreal
(Borowitzka and Borowitzka, 1988) cited in
(Borowitzka and Borowitzka, 1990). The anti-
oxidants and anticancer properties of Dunaliella
salina were found to be associated with the more
production of - carotene under stress conditions
(Emtyazjoo et al., 2012).

Dunaliella salina has been isolated and
cultivated in many areas of the world. A successful
attempt has been made in Kuwait (Al-Hasan et al.,
1987). It is known to occur in some salt ponds in
Bahrain but no attempts were made previously to
isolate this species. Consequently, the main purpose
of this present study was to isolate Dunaliella
salina and maintain it as unialgal culture to be used
in future for more biotechnological applications.

Material and Methods

(1) Sampling Location

Water samples were collected from a hypersaline
lagoon located in the southern part of Bahrain near
Al-Jazear beach. Figure 1 shows the location of
the sampling site. This area is characterized by its
high salinity values and the spread of halotolerant
plants.

(2) Isolation and Identification

Single cells of Dunaliella salina isolated from the
collected water samples were spread on Petri plates
containing agar dissolved in sterile seawater obtained
from the salt pond (original salinity in the pond is
approximately 300 PSU). After several weeks, cells
from microcolonies on these plates were transferred
aseptically to sterile test tubes containing Walne’s
liquid media. The unialgal culture was incubated at
18°C under 12:12 hours dark: light cycles. Isolation
and cultivation protocol was carried out according to
(Anderson and Kawachi, 2005); (Al-Ansari, 2007).
The isolated and purified algal culture was identified
according to morphological properties (Lee, 2008);
(Graham et al., 2009). The culture was deposited
at Scandinavian Culture Collection for Algae &
Protozoa in October, 2012 and have been accepted in
December, 2012 (SCCAP K-1830).

(3) Biomass Determination

Algal growth was determined by cell count and
chlorophyll content. Cell count was performed using
three replicates by a counting chamber (Neubauer
Hemocytometer, 0.1mm deep). Chlorophyll a and b
concentrations were determined by analyzing thirty
milliliters of the culture extracted in 90% acetone
following UNESCO protocol (Vohra, 1966) and
the absorption spectra were recorded using (Perkin
Elmer Lambda XLS) spectrophotometer . Cell count,
Chlorophyll a and b measurements were carried out
for 26 days after transferring the culture into a fresh
medium in 250 mL Erlenmeyer flasks. These flasks
were incubated at 18°C under 12/12 hours dark/
light cycles with occasional shaking in an incubator
equipped with cool white fluorescent lamps.
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Results and Discussion

The isolated and purified strain was identified as
D. salina by morphological examinations under
Zeiss microscope (figure 2) based on cell shapes,
the presence of two flagella and the changes in
cells shape and color in different temperatures
and nutrient concentrations (data not shown). The
isolated species occurred as large red and small
green cells according to their growth stage and
media conditions.
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Figure 2: Different Images of Dunaliella salina
Showing Different Growth Stages and
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Figure3: Changes in Cell Concentration of
Dunaliella salina Over 26 Days

Similar results have been found in (Al-Hasan et
al.,2007). Figures 3 and 4 show the changes in cell
densities and chlorophyll a and b concentrations
during the 26 days from new sub-culturing. The
maximum cell densities achieved after 15 days
(14x10° cells. mL! [+0.45]) which coincided with
the highest concentration of both chlorophyll a and
b (1mgL"' [+0.3], 0.24mgL"! [+0.04] respectively).
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Figure 4: Changes in Chlorophyll @ and b
Concentration During 26 Days.

There was a decline in cell density and
chlorophyll concentration on day 19 but there is a
quick recovery on day 24. This is due to the fact that
this species is capable of growing at low nutrient
concentration. There was a significant correlation
between cell count and chlorophyll a concentration
(R*=0.80606) (Figure. 5).
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Figure 5: Correlation between Cell Concentration
and Chlorophyll a Concentration.
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The specific growth rate (1) of Dunaliella salina
in this study was 0.1. Nevertheless, Dunaliella
salina have been found to achieve a maximum
growth rate (n) of 0.66 when macroalgae extract
added to the media (Raja ef al., 2007). Halostress
may decrease the growth rate and cause harmful
effects to the chloroplast, but the thylakoids that
remain intact is capable of photosynthesis (Al-
Hasan et al., 2007). It was found that maximum
cell number obtained at pH 7, 5 mM NaNO3 and
20% NaCl concentrations (Celekli and Donmez
,2006) . Additionally, Sodium Chloride (NaCl)
concentration more than 1.5M can inhibit cell
growth but an increase in NaCl concentration
from 0.5 to 1.0 M produced more intracellular
lipid content (Takagi et al., 2006). (Abd El-Baky
et al., 2004) has demonstrated that increasing salt
concentration with decreasing nitrogen levels in the
growth medium resulted in higher concentration of
polyunsaturated fatty acids.

The results of this study shows that cultivation
of Dunaliella salina species for commercial use
is a promising project in the Kingdom of Bahrain
either in open salt ponds or in closed bioreactors.
It is quite important to find the best areas where
environmental conditions are optimal for outdoor
cultivation. The southern part of Bahrain is one of
these possible areas that can be used for production
of Dunaliella salina. This is due to the fact that
this part of the island is characterized in addition
to the hot climate that is dominant along Bahrain
Island, it has very high salinity. This part of the
island is distant from potential contamination and
pollution, which are direct products of industrial
or agricultural activities.
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