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Abstract
Dunaliella salina has been widely reported in the halophilic environment. The present study first time 
reveals and reports the presence of green alga D. salina identified by both morphological and molecular 
identification from Andaman and Nicobar Islands, a rainy tropical environment. Besides, it was adapted 
for the optimization of total carotenoid production by using Taguchi tool with various combinations of 
different parameters, like light intensity, pH, salinity, NaNO3 and Nah2PO4 in basal De Walne’s medium 
of which 40µem-2s-1 light intensity showed maximum production of 249.24 µg/mL of total carotenoid 
followed by NaNO3, Nah2PO4, ph, and salinity. hence, this study proves that D. salina possesses the 
character of adapting to the extreme habitats with total carotenoid production.
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iNtRODUCtiON
 The marine ecosystem is an immense 
source of potential microorganisms and compounds 
that holds a wide range of biotechnological 
applications1-3. In earlier decades scientific 
community had shown considerable interest 
on taxonomy, physiology, and metabolism of 
microalgae. Hence, this paved a way to identify 
the various potential resources from microalgae. 
In a present scenario, utilization of microalgae 
are sprouted more in various industries, such as 
food, feed, fine chemicals, energy, etc. due to 
its photosynthetic traits, generation time, the 
presence of high-value compounds, capability in 
controlling pollution, etc. Dunaliella is unicellular, 
biflagellate, naked, motile green alga belongs 
to the family Polyblepharidaceae inhabits the 
marine environment and commonly seen in 
hypersaline environments4,5. This is originally 
first described and reported from the occurrence 
in saltern brines by Dunal6 and later discovered 
by Teodoresco in 19057. Dunaliella varies in 
morphology and it is well known to show 
polymorphic character since it lacks cell wall. There 
is also a need for molecular characterization and 
to examine the level of carotenoid accumulation, 
especially under different conditions of growth. 
Dunaliella salina is reported to yield ~400 mg 
β-carotene/m2 of cultivation area under ideal 
conditions8. Dunaliella salina is the richest 
source of carotenoid, β-carotene6. Dunaliella 
salina can accumulate β-carotene more than 
14% of its dry weight besides producing other 
carotenoids, like α-carotene and xanthophylls like 
zeaxanthin, cryptoxanthin and lutein9,10. Natural 
 carotene has high antioxidant, anti-cancer and-ג
immune regulations properties when compared to 
synthetic ג-carotene and it is now produced from 
Dunaliella on a commercial scale in Australia, USA, 
Israel, China, Chile, Spain, Kuwait and India.
 Andaman and Nicobar Islands (A & N) 
is located in the eastern part of Bay of Bengal, 
encompasses 572 islands and are heavily inhabited 
by rich floral communities ranging from small 
microalgae to highly evolved floral organisms. A 
& N has a moderate climate with a temperature 
ranges from 23 to 31°C but with relatively high 
humidity (70 to 90 %) coupled with heavy rainfall 
approximately more than 318 cm/year (http://
www.imd.gov.in/pages/main.php). A & N island 

holds 40% of coral reef coverage of entire Indian 
coastline, provides shelter for diverse marine 
creatures11. The present study aims at the 
quantification and optimization of carotenoid 
production in the marine microalgae D. salina 
by Taguchi statistical tool for enhancing the total 
carotenoids production after identification by 18S 
rDNA sequencing.

MAteRiAls AND MethODs
The collection, Purification, and Isolation 
 Five hundred liters of seawater collected 
from Minnie Bay (Latitude 11°38’39.50’’ N 
Longitude 92°42’28.15’’ E), A&N Islands, India 
were filtered in 20µm plankton net. The soup was 
kept for enrichment in 250 mL Erlenmeyer flask 
containing 100 mL De Walne’s medium initially 
for 5 days. After incubation, 0.1 mL from initial 
enrichment was inoculated in 5mL test tubes 
containing 1mL De Walne’s medium12 for 30 days 
to isolate a Dunaliella sp. Above procedure was 
repeatedly carried out in triplicates for subsequent 
times to facilitate isolation of Dunaliella species 
in seawater. Mixed culture was periodically 
checked for Dunaliella under microscope, while 
the diatoms existed in enrichment samples were 
removed by modified method13 using Germanium 
dioxide (GeO2) at a different concentration from 
5 to 25µg/L. Enrichment sample were diluted 
up to 1 10-6 ׳ dilution and 0.1 mL was spread on 
2% De Walne’s agar medium. Distinct colonies 
developed on the plates were made axenic by 
triple antibiotic treatment14 and transferred to 
De Walne’s medium and incubated at 24 ± 1°C 
in a thermostatically controlled area, illuminated 
through cool fluorescent lamps at irradiance of 30 
µEm-1 s-1, under 12 h light /12 h dark photoperiod1. 
Identification
 Identification of the isolated microalga 
was done by microscopic observations, such as 
cell size, shape, colour, cell length (L), width (W), 
flagella length (F) chloroplast arrangement and 
growth characteristics (the measurements of 
length and breadth of the cells were calculated 
from mean value of 100 cells). Besides, it was also 
identified using 18S rDNA sequence in order to 
avoid the ambiguity in identification. Amplification 
of the 18S rDNA and sequencing PCR amplification 
was performed on cells taken directly from plates. 
For PCR, the genomic DNA of the Dunaliella sp. was 
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table 1. L-32 orthogonal design along with the obtained carotenoids produced by D. salina (AT-JP-13)

No. Light  NaH2PO4  NaCl  pH NaNO3   Total  Log10 of cell 
  intensity concen.  concen.   concen.  carotenoids numbers/
 (µE/ m2/S) (µM) (M)  (µM) (µg/ml) mL

1 20.00 0.50 0.50 7.00 0.50 48.00 5.562
2 20.00 0.75 0.75 7.50 1.00 90.46 5.672
3 20.00 1.00 1.00 8.00 1.50 60.92 6.612
4 20.00 1.25 1.50 8.50 2.00 108.92 6.703
5 30.00 0.50 0.50 7.50 1.00 216.00 6.12
6 30.00 0.75 0.75 7.00 0.50 223.38 6.42
7 30.00 1.00 1.00 8.50 2.00 134.76 6.701
8 30.00 1.25 1.50 8.00 1.50 173.53 6.412
9 40.00 0.50 0.75 8.00 2.00 158.76 6.214
10 40.00 0.75 0.50 8.50 1.50 195.69 6.726
11 40.00 1.00 1.50 7.00 1.00 227.07 6.705
12 40.00 1.25 1.00 7.50 0.50 179.07 6.155
13 50.00 0.50 0.75 8.50 1.50 168.00 5.812
14 50.00 0.75 0.50 8.00 2.00 116.30 5.962
15 50.00 1.00 1.50 7.50 0.50 131.07 6.164
16 50.00 1.25 1.00 7.00 1.00 153.23 6.120
17 20.00 0.50 1.50 7.00 2.00 48.00 5.550
18 20.00 0.75 1.00 7.50 1.50 57.23 4.996
19 20.00 1.00 0.75 8.00 1.00 86.76 4.871
20 20.00 1.25 0.50 8.50 0.50 116.30 5.136
21 30.00 0.50 1.50 7.50 1.50 177.23 6.616
22 30.00 0.75 1.00 7.00 2.00 136.61 6.743
23 30.00 1.00 0.75 8.50 0.50 68.30 6.456
24 30.00 1.25 0.50 8.00 1.00 145.84 6.552
25 40.00 0.50 1.00 8.00 0.50 217.84 6.740
26 40.00 0.75 1.50 8.50 1.00 232.61 6.686
27 40.00 1.00 0.50 7.00 1.50 134.76 6.612
28 40.00 1.25 0.75 7.50 2.00 114.46 6.799
29 50.00 0.50 1.00 8.50 1.00 204.92 6.495
30 50.00 0.75 1.50 8.00 0.50 158.76 6.314
31 50.00 1.00 0.50 7.50 2.00 73.84 6.588
32 50.00 1.25 0.75 7.00 1.50 57.23 6.476

isolated according to Sambrook et al.15, subjected to 
amplification with the universal eukaryotic forward 
primers (5’GTCAGAGGTGAAATTGGATTTA’3) and 
reverse primer (5’AGGGCAGGGACGTAATCAACG’3) 
performed as described by Rasoul-Amini et 
al.16. The amplified product partially sequenced 
(Applied Bio System Instrument (ABI) Prism 310 
Genetic) and resulted sequence was submitted 
to GenBank, NCBI with the accession number 
(KP635215).
Growth and Screening of Total carotenoids
 The isolated Dunaliella salina was studied 
for its growth and total carotenoids production 
under laboratory conditions. Initially, 10 mL of 
log phase culture of Dunaliella isolates were 

inoculated in 90 mL of basal medium and kept 
under 30µEm-2s -1 light intensity, 12 h light / 12 h 
dark cycle and at 24 ± 1°C. Samples were collected 
and analyzed for the following parameters at 
every 3 day interval for the period of 30 days. i) 
Cell number (Cn) using haemocytometer (Thoma) 
(log10 cells/mL) and ii) concentrations of pigments 
viz., Chl a, Chl b and total carotenoid of Dunaliella 
samples extracted were estimated as per17. Also, 
cell division rates were calculated during the 
exponential phase as per the method of18.
Optimization of the total carotenoid production 
by Taguchi method
 With the aim to improve total carotenoids 
production by Dunaliella sp. AT-JP-13, five 
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decisive parameters in De Walne’s basal medium, 
such as light intensity, medium initial pH and 
concentrations of NaH2PO4, NaCl and NaNO3 were 
optimized using Taguchi optimization method19,20. 
A 32 runs orthogonal array (L32-OA) design was 
employed to investigate the effect of selected 
parameters on total carotenoids production. All 
selected parameters were studied at 4 different 
levels. In Taguchi’s method, quality is measured 
by the deviation of a characteristic from its target 
value and a loss function [L(y)]. The loss function 
was calculated by the Eq (1). 
 L(y) = k * (y - m)2  ...(1)
Where k = The proportionality constant,
m = Target value and 
y = Experimental value obtained for each trial. 
 The goal is to accomplish the higher 
carotenoid production from isolated algae. Such 
case ‘bigger-is-better’ was chosen. When the 
‘bigger-is-better’ quality characteristics the loss 
function can be written as
 L(y) = k * (1/Y2) ...(2)
 
 To explore the obtained results, analysis 
of variance (ANOVA) test was performed. Further 
conformational experiments were performed 
in order to validate the optimum conditions. 

Qulitek-4® software, Nutek Inc. was used for the 
designing and analysis of experiments21.

ResUlts
 Initial screening studies reveals that most 
of the sample soup contains diatoms, Chlorella 
and Tetraselmis species, few of them had a 
trace amount of biflagellate species. Therefore, 
whichever the samples having biflagellate were 
taken for enrichment in De Walne’s medium under 
thermostatically controlled room. In the beginning 
period of enrichment, medium was mainly 
dominated by Tetraselmis sp. growth in addition 
to that of diatoms. Later, it was diminished once 
it attained 15th day. After 20 days of incubation, 
the microscopic observation revealed consistent 
growth of Dunaliella sp. with trace diatoms. 
Diatoms were effectively removed at 10µg/L 
of Germanium dioxide. Further, 10-4 dilution 
has shown the maximum of Dunaliella sp. and 
colonies were well separated in De Walne’s agar 
medium. The colonies were picked and transferred 
to 1 mL of basal medium and further scaled up. 
The unialgal culture was axenized before taking 
to optimization study. The cultures were made 
axenic by triple antibiotic treatment as described 
previously14.

table 2. Interaction influence, ANOVA and optimized conditions for selected factors for carotenoids production by 
isolated algae (DoF = Degree of freedom; SS = sum of squares)

  LT NaH2PO4 NaCl pH NaNO3 others/ Total
       Error

Interactions LT 0 12.77 12.16 2.77 8.37  
 NaH2PO4 12.77 0 11.37 76.66 47.53  
 NaCl 12.16 11.37 0 57.55 45.67  
 pH 2.77 76.66 57.55 0 22.25  
 NaNO3 8.37 47.53 45.67 22.25 0  
ANOVA DoF 3 3 3 3 3 16 31
 SS 49450.74 8434.556 5883.371 3234.804 14606.38 -0.001 81609.851
 Variance 16483.58 2811.518 1961.123 1078.268 4868.792 -0.001 
 F-Ratio 10.44255 1.04405 1.08002 0.91206 2.26866  
 Percent 60.594 10.335 7.209 3.963 17.897 0.002 100
 contribution
Optimum Level 3 1 4 3 2  
conditions Level Description 40 0.5 1.5 8 1  
 Contribution 44.537 16.848 19.153 1.843 31.615 0 113.996
 Total contribution from all factors 113.996
 Current grand average of performance  137.995
 Expected Results at optimum condition 251.991
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 The isolated cells from the pure culture 
of Dunaliella sp. were naked, oblong, with two 
smooth equal long flagella inserted apically; 
chloroplast shifted towards the basal region, cells 
with tapering apical region; cell measuring average 
of 9.85±0.59 (9.5 to 12.0µm) long and 8.19±0.74 
(7.0 to 9.5µm) wide respectively (Fig.1). Whereas, 
flagella length measuring average of 12.86±0.64 
(12.0 to 14.0µm) (Fig.1). The organism showed a 
maximum growth rate of 6.298 log10 cells/mL on 
21st day and the division rate was 1.008 per day 
(Fig. 2). Maximum concentrations of Chl - a, Chl - b, 
and total carotenoids were 4.42, 2.24 and 6.17µg/
mL, respectively, as recorded on 15th, 15th and 30th 
day, respectively (Fig. 2). 
 The PCR amplification of chromosomal 
DNA of the microalgae with forward and reverse 
primers revealed efficient amplification. A single 
band of amplified DNA product of ~700 - bp was 
recorded by gel documentation system. The 
amplified product fragment was further purified 
by PCR purification kit (Fermentos, Spain) and 
sequence generated was published in NCBI 
databases. The partial sequence of the isolate 
AT-JP-13 (KP635215) was 99.13% identical to 
the consensus sequence of D. salina CCAP 19/12 
(KJ756842) D. salina KMMCC 1428 (JQ315781) and 
D. salina UTEX LB 1644 (DQ009765). 

 De Walne’s basal medium is an efficient 
medium for Dunaliella growth and carotenoid 
production. However the production medium of 
organism is varying from one species to another 
species as well as their native conditions. Since 
this isolated Dunaliella was different from 
other reported species, the optimization of 
environmental and nutritional parameters was 
required in order to increase the total carotenoid 
productions. Keeping this in view, a 32 runs Taguchi 
experimental design was employed to optimize the 
medium as well to understand the interaction and 
influence of selected parameters. 

Fig. 1. Accumulation of carotenoids in the cells of D. 
salina (AT-JP-13)

Fig. 2. Growth study and pigment estimation of Dunaliella salina (AT-JP-13). Chl - a: Chlorophyll - a; Chl - b: Chlorophyll 
- b; Tc: Total carotenoids; Cn: Cell numbers
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 Table 1 depicts the 5 selected parameters 
at 4 different levels. Analysis of data yields the 
individual as well as interaction effect of selected 
parameters on total carotenoids production. 
The experimental data revealed that there is a 
significant variation in carotenoids production 
observed along with experimental runs. Minimum 
and maximum carotenoids production values were 
observed to be 48 and 232.61µg/mL, respectively, 
under selected conditions of the medium. The 
observed variation positively shows the imperative 
role of optimization on all related factors in 
achieving the best possible yields. 
 The average effect of factors at the 
assigned levels on carotenoids production by 
Dunaliella salina AT-JP-13 is shown in Fig. 3. At 
individual level the highest effect on carotenoids 
production was noticed with light intensity at 3rd 
level (182.53) followed by concentration of NaNO3 
at 2nd level (169.61), NaCl concentration at 4th level 
(157.14) and NaH2PO4 concentration at 1st level 
(154.84). Among all parameters pH has the least 
effect on the carotenoids production at 4th level 
(153.68). The selected variable preferences are in 
the following order:
 Light intensity > NaNO3 > NaCl > NaH2PO4 > pH
 In Taguchi method, the interaction 
between two factors was represented by severity 
index (SI). Table 2 represents the interaction 

matrix of various factors, calculated by Qualitek-4 
program. Table 2 depicts that interaction between 
NaH2PO4 concentration and pH has highest SI 
(76.66 %) as compared with others. Least SI was 
observed with interaction between light intensity 
and pH (2.77%). The light intensity and NaNO3 
concentration have a highest individual effect on 
carotenoids production; however, their interaction 
has lesser SI (8.37%). 
 To determine the influence of each factor 
on the production of carotenoids by isolated 
algae, ANOVA approach was used. Factor with 
interactions are shown in Table 2. Among all 
selected factors light intensity has the highest 
contribution (60.59 %) on overall process. After 
light intensity, a concentration of NaNO3 and 
NaH2PO4 has highest effect of 17.89 and 10.33%, 
respectively. Among all studied parameters, pH has 
a least contribution on the carotenoids production.
 Optimum condit ions of  selected 
parameters and their performance in terms of 
contribution for achieving higher carotenoids yield 
are shown in table 2. The optimum conditions 
predicted by the software are light intensity of 
40 µEm-1 s-1, 0.5 mM NaH2PO4, 1.5 M NaCl, 1 mM 
NaNO3 concentration and pH of 8. The predicted 
carotenoids yield at these optimum conditions is 
251.991µg/mL with total contribution from all the 
factors being 113.996 µg/mL with grand average 

Fig. 3. Influence of the selected parameters at different levels on carotenoids production by isolated algae. (LT = 
Light intensity) 
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performance of 137.995 µg/mL. After validating at 
the predicted conditions, carotenoids production 
of 249.24µg/mL was achieved. The obtained yield 
was nearer to the predicted value, which indicates 
the robustness of employed design.
 Fig. 4 shows the variation reduction 
achieved with optimized conditions. The sharp 
curve indicates the improvement on overall 
carotenoids production by this algal strain. The 

improved Signal / Noise ratio at optimum condition 
depicts the reduction in standard deviation before 
optimization.
 The validation data revealed that with 
the help of L-32 Taguchi experimentation the 
culture condition were modified. A 4.2 fold (from 
48.00 to 249.24µg/mL) enhancement in the total 
carotenoids production was observed with altered 
culture conditions.

Fig. 4. Variance reduction before and after optimization

DisCUssiON
 Identification of novel species and strains 
from natural habitats is the primary purpose 
in the path of obtaining superior productive 
strains22. Hence, in this study, an attempt was 
made to isolate a superior strain of Dunaliella 
from seawater. A&N islands are one of the 
hot spot of marine biodiversity in the world. 
Besides, it is not much studied in the context of 
microalgal and their potentialities because of the 
wide geographic distribution of saline systems. 
Marine microorganisms such as bacteria require 
unique adaptations to survive in these chemically 
and physically diverse environment leading to 
extensive species diversity than the terrestrial 
environment3,23-25. Same way, microalgae also tend 
to have distinctive adaptations characteristics with 
unique metabolites for survival26. It is a challenge 
to isolate the Dunaliella salina from seawater 
rather than from the samples of salt pans. Various 
studies conducted on D. Salina so far were mainly 

collected from hypersaline environments4,27,28. 
 A large volume of seawater was filtered 
several times and consistent microscopic 
observations have been made for effective 
isolation. During initial period of enrichment up 
to 15 days, the periodical inspection revealed 
that the Tetraselmis sp. was found to grow in 
large number than that of Dunaliella and diatoms. 
Later the growth was started diminishing because 
of the high salt concentration in the medium 
which supported the growth of Dunaliella and 
avoiding Tetraselmis growth. The optimum growth 
conditions reported earlier for Tetraselmis were: 
20–35% of salinity and temperature ranges from 
19 to 21°C29. Several early studies on the effect of 
germanium dioxide inhibited the growth of mature 
Chlorophyta and Phaeophyta species13 apart from 
diatoms; hence the germanium dioxide was taken 
with limited concentrations in order to prevent the 
inhibition of target isolate. The present isolate D. 
salina withstands all studied concentrations except 
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with minimum inhibition at the higher range 
(25µg/mL). After 20 days of enrichment, Dunaliella 
occurrence was observed because of their slow 
adaptation to the medium. Some of the species 
belongs to this Genera has the tendency to adapt 
to various environmental conditions like salinity, 
temperature, heavy metals and pesticides30. The 
present results once again proved the nature of 
its adaptations to extreme environments like A & 
N islands, a rainy tropical climate.
 The Present isolate, D. salina that has 
been isolated from seawater in the salinity ranging 
from 28-30 ppt (0.5 M), also adapted up to 87.66 
ppt (1.5 M) NaCl concentration. An extensive study 
made by Borowitzka and Siva30 in the taxonomy of 
this genus revealed that the authors segregated 
the species D. salina based on the optimum salinity 
range of > 6%. It is contradictory to the results of 
the present work. However, it is justified by its 
extreme adaptability to various environments. 
In addition, some other species was also isolated 
during isolation task (data not shown) and 
considered to be euryhaline species. This was well 
correlated by the study of Oren7 citing Lerche31 
who reported earlier that some of the species 
of this genus were typically marine organisms 
and those were never reported in hypersaline 
environments.
 Ambiguity always exists in its identification 
and physiological characteristics due to its quick 
adaptation to various environmental conditions 
and thus the present isolate has its ability to 
adapt to the different type of environment in A 
& N islands ecosystem. Influence of salinity on 
carotenoid biosynthesis and growth pattern in 
Dunaliella shows different characters in different 
media32. The different growth patterns exhibited 
by geographically distinct strains confirm the 
hypothesis that these algae do not adapt to a 
specific saline condition, but can tolerate a wide 
range of salinities33.
 The isolate obtained from different 
environments apart from its native environment 
necessitates the need to study its growth 
characteristics and carotenoid production. The 
cells were shown considerable growth up to 24th 
day and started to decline and remained green in 
color and were never shown any carotenogenic 
phase during the growth study and isolation. Cell 
size was comparatively larger than the other strain 

mentioned earlier. Pigments, such as Chl-a and 
Chl-b were dominant up to 15th day, while the total 
carotenoids were steadily increased up to 30th day 
of experiment. It clearly indicates that chlorophyll 
had contributed in its growth, whereas the total 
carotenoids showed steady increase even at 
cessation of growth and protected the cell during 
the nutrient depletion condition5,34. 
 As per previous reports, the alga typically 
did not show any carotenogenic phase until the 
present study (Fig. 2). It was also subjected to 
molecular identification to know up to their species 
level. Moreover, the taxonomy of Dunaliella, 
particularly the carotenogenic strains, has a history 
of controversy as stated by Borowitzka9. The author 
considered that D. bardawil35 as a nomennudum 
of D. salina Teod, and that D. salina was probably 
of D. parva. In the present study, the amplified 
product size obtained by using universal primer 
suggests that these primers are well conserved for 
Dunaliella isolated from the natural habitat. The 
results acquired in the present study are similar 
to the observations made by16.
 Optimization of process and nutrient 
parameters are essential for enhancing the 
carotenoids production. Hence L-32 orthogonal 
array design (Taguchi DOE) was employed. A 
significant variation of total carotenoid production 
was observed during experimental runs, indicating 
the influence of selected parameters and their 
quantitative requirement for carotenoids 
production.
 Severity Index is a measurement which 
indicates the percentage of interaction between 
two factors. Though pH and NaH2PO4 concentration 
have least individual effects, their interaction has 
a highest significant effect (SI= 76.66 %) on the 
carotenoids production. The pH was noticed 
in both higher and lower interactions (table 2) 
indicating that pH is one of the important factors 
which affects the carotenoid production either 
synergistic way along with other parameters. The 
interaction data reveals that the production of 
carotenoids by 
 D. salina, AT-JP-13 depends on the 
individual as well as the interaction effect of 
selected parameters.
 The analysis of data reveals that light 
intensity has more contribution (60.59%) on 
overall carotenoids production suggesting that 



  www.microbiologyjournal.org1371

Ranishree et al. J Pure Appl Microbiol, 13(3), 1363-1374 | September 2019 | https://doi.org/10.22207/JPAM.13.3.07

Journal of Pure and Applied Microbiology

alteration of light intensity has significant changes 
in the carotenoids production. Light is the 
vital factor regulating the rate of synthesis of 
 carotene in Dunaliella under favorable growth-ג
conditions36,37. As per the preliminary investigation 
and in Taguchi experiment the total carotenoid 
was found to be higher on the 30th day (initial 
decline phase). This may be due to the high light 
intensity, lack of cell wall and the cell swelling 
which accumulate a large amount of carotenoids 
irrespective of growth. Likewise, the swelling 
of D. salina cells is a typical response to various 
extreme conditions such as high light intensity 
and/or low temperature38. D. salina cell size has 
been observed with seven-fold increase in the 
incident light intensity39. Moreover, the high light 
intensity does not support the cell growth in the 
present study, instead, it indirectly reflects on the 
total carotenoids despite its high performance 
in Taguchi. This is evidently proved the D. salina 
reported to die due to reduced chlorophyll levels 
under very high-light illumination when it was 
growing at a slow rate35.
 N ex t  to  l i g ht  i nte n s i t y,  N a N O 3 
concentration has shown the highest influence 
on total carotenoids production. According to 
Milko40, the best source of nitrogen for maximum 
growth of D. salina, D. tertiolecta and D. viridis 
was NaNO3. Perhaps the present basal medium 
also inherently contains the NaNO3. Saha et al.41 
observed that the best stress conditions include 
high-light illumination in depleted nitrogen 
coupled to micronutrients such as Zn, Mn and 
Fe in medium for enhancement of carotenoid 
production. In addition, Mojaat et al.42 observed 
the accumulation of high quantities of β-carotene 
(35 pg/cell) in the nitrate-free culture. These 
values drastically dropped to 24 and 12pg/cell at 
the initial nitrate concentration of 1.2 and 6.0 mM, 
respectively. Usually, nitrate limiting conditions 
enhance the carotenoid production in the cells, 
whereas, it is contradictory to the above authors 
view since the design used in the present study 
is well correlated with each other. Even at higher 
concentration, the total carotenoid was increased, 
while the lower concentration diminishes the 
carotenoid production, which may be because of 
other factors used. 
 The effects of salinity on growth and 
total carotenoids production by the microalga 

D. salina is most important since it was isolated 
from the normal seawater and not from the 
hypersaline area. As per the previous reports, 
D. salina had shown the maximum growth at 1 
M NaCl concentration7. Likewise, in the present 
study also, the organism preferred the lesser range 
of NaCl between 0.5 to 1.5 M concentrations. 
In General, of the various ranges taken the 
maximum carotenoids accumulated in higher 
ranges than the lesser ranges. Besides, it was 
well adapted to all the salinity tested. It is well 
correlated with the following reports narrated by 
the various researchers. Salt tolerance and growth 
experiments showed for their isolate could grow 
at different salinity levels ranging from 0.5 to 4.0 
M NaCl, thereby elevating the carotenoid content 
of the cells, which was cultivated at the high 
salinity of 4M NaCl22. Fazeli et al.32 found that the 
productivity of total carotenoids on the cellular 
basis to be very high at extreme salt concentrations 
(3 M NaCl). D. salina is the widely studied model 
alga for its incredible ability to acclimatize to a 
wide range of salinity43.
 Phosphate is an essential nutrient that 
plays a vital role in structural and functional 
components of a living system44. Similarly, an 
investigation was made on the effect of NaH2PO4. 
Phosphate also exhibited the same condition 
but phosphate deprivation had little effect due 
to intracellular phosphate. In the present study, 
the phosphate showed less impact on the total 
carotenoid production by isolated D. salina. The 
concentration of 0.5 mM NaH2PO4 was found to 
be optimum for higher carotenoid production. 
Usually, the optimum phosphate concentration 
for the growth of D. salina and D. viridis was 
0.002 to 0.025 gL-1 of K2HPO4

40,45, while higher 
concentrations (>5gL-1) inhibited their growth. The 
ratio of accessory phosphor protective pigments (α 
and β-carotene) to Chlorophyll-a improved under 
restrictive levels of nitrogen and phosphate46,47.
 The Taguchi results reveal that pH has a 
least contribution on the carotenoid production by 
isolated D. Salina among all studied parameters. 
However, it gives a tremendous synergetic effect 
to other parameters to enhance the carotenoids 
production. Most of the microalgae chose the 
suitable pH ranges from 6 to 9. Keeping this in 
mind, the present microalga was tested within 
the range of 7.0 to 8.5. The alga used in this 
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study exhibited normal growth up to 30th day and 
showed an ample amount of total carotenoids 
production at the higher pH (pH 8.0). The obtained 
results are contradicting to the report of Ying et 
al48. The investigators observed that once after 9 
days of inoculation, the pH barely increased and 
growth was inhibited. This may be prevented 
in this case by combination of appropriate 
nutrients supplementation. Shariati49 reported 
that the optimum pH range for D. salina, D. 
pseudosalina and D. parva isolated from Iran was 
between pH 7.0 to 8.0. Thakur et al.50 reported 
that a biologically pure culture of D. salina ARL 5 
exhibited a wide pH tolerance within the range 
of 5-10, a wide temperature tolerance within the 
range of 18 to 55°C and salinity tolerance up to 
1M KCl concentration.
 On the whole, it has been already 
pointed out that the accumulation of β-carotene 
in D. salina depends upon the factors, which 
include high light intensity51,52, high salinity53-55, 
extreme temperatures49, and deprivation of 
mineral nutrients like nitrate, phosphate and 
sulphate34,36,56,57. Hence, the present study 
effectively concludes for the first time that the 
alga D. salina, an extreme salt lover isolated from 
seawater could be optimized for total carotenoid 
production by the use of Taguchi tool to know the 
best synergistic condition of the nutrients available 
in the medium.
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