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Abstract
Background: Developing algal industries in saline-alkali areas is necessary. However, suitable strains and optimal production conditions 
must be studied before widespread commercial use.
Objectives: The effects of light, temperature, KNO3, and CO(NH2)2 on beta-carotene and biomass accumulation were compared and 
evaluated in order to provide scientific guidance for commercial algal production in northeastern Thailand.
Materials and Methods: An orthogonal design was used for evaluating optimal conditions for the algal production of three candidate 
Dunaliella salina strains (KU XI, KU 10 and KU 31) which were isolated from saline soils and cultured in the column photobioreactor.
Results: The optimal light and temperature for algae growth were 135.3 μmol m-2 s-1 and 22°C, while the conditions of 245.6 μmol m-2 s-1 and 
22°C induced the highest level of beta-carotene production (117.99 mg L-1). The optimal concentrations of KNO3, CO(NH2)2, and NaHCO3 for 
algae growth were 0.5 g L-1, 0.36 g L-1, and 1.5 g L-1, respectively, while 0, 0.12 g L-1 and 1.5 g L-1 were best suited for beta-carotene accumulation. 
The highest beta-carotene rate per cell appeared with the highest light intensity (12.21 pg) and lowest temperature (12.47 pg), and the lowest 
total beta-carotene content appeared at the lowest temperature (15°C). There was not a significant difference in biomass accumulation 
among the three Dunaliella strains; however, the beta-carotene accumulation of KU XI was higher than that of the other two strains.
Conclusions: Light and temperature were both relevant factors that contributed to the growth and beta-carotene accumulation of the 
three D. salina strains, and NaHCO3 had significantly positive effects on growth. The degree of impact of the different factors on cell growth 
was temperature > NaHCO3 > light intensity > KNO3 > CO (NH2)2 > strains; the impact on beta-carotene accumulation was temperature > 
light intensity > KNO3 > CO (NH2)2 > strains > NaHCO3
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1. Background
Beta-carotene is a naturally occurring orange-colored 

pigment synthesized by high plants and microorganisms 
(1-3). It is an important pigment in the process of photo-
synthesis in that it provides photo-oxidation protection, 
and functions as a medium in the general process (3). 
Beta-carotene is also an important source of nutrition 
since it can be converted into vitamin A (4). Moreover, 
it also has physiological effects, since it can function as 
a peroxyl radical scavenger, an immune response stimu-
lant and a gap-junction communication enhancer (4, 5). 
Recent studies have shown that Dunaliella salina, which 
contains high levels of beta-carotene, is safe and can be a 
potential food supplement (6). Nowadays, beta-carotene 
is extensively used as a colorant, a food additive, an anti-
oxidant, an anti-cancer agent, a preventative supplement 
against heart disease, and for cosmetic purposes (7).

Although a large portion of commercially available beta-
carotene is chemically synthesized, there has been consid-
erable interest in the production of natural beta-carotene 

from living organisms (8, 9). Dunaliella salina is a unicel-
lular green alga belonging to the Chlorophyceae family. It 
is known to accumulate carotenoids under various condi-
tions of stress, such as high salinity, high light intensity, 
and low growth temperature (10, 11). Dunaliella salina can 
tolerate a variety of environmental stresses, and is able 
to accumulate a beta-carotene percentage of up to 10% of 
its dry weight (12). Hence, the most common method for 
the commercial production of natural beta-carotene is 
the massive cultivation of D. salina (4). Present research 
on D. salina has made significant process in terms of the 
screening and selection of algae species or strains, medi-
um optimization, cultivation, and general processing for 
production (13, 14). However, these experimental results, 
although fruitful, have yet to be directly applied to actual 
commercial production on a broad scale (14). The north-
eastern area of Thailand covers more than one-third of the 
country’s 16.9 million ha, including 9.25 million ha of agri-
cultural land. There are about 2.8 million ha of saline soils, 
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17% of the total area of northeastern Thailand. Developing 
algal industries in saline-alkali areas is an important eco-
nomic development strategy for this particular area (15).

Considering the future of commercial algal cultivation, 
we have focused on D. salina strains that were isolated di-
rectly from the saline soils in this area. Research has con-
firmed that different species or strains require different 
stress conditions to obtain high beta-carotene content 
(14); however, little is known about the exact impacts of 
different environmental or nutritional factors on the D. 
salina strains isolated from the saline soils. Some studies 
have shown that growth of D. salina was optimal when 
the nitrate concentration was ranged from 0.5 to 1 g L-1, 
however some researchers have found that growth in low 
nitrate concentrations (0.05 - 0.1 g L-1) was also substantial 
(4, 16, 17). Therefore, evaluating the effects of various fac-
tors on the algal production of the three D. salina strains 
is necessary for more conclusive results. Moreover, con-
sidering the high costs of commercial cultivation, CO 
(NH2)2 was also studied as a potential (more economical) 
replacement for KNO3 in this study.

2. Objectives
The difference in the growth and beta-carotene accumu-

lation of D. salina strains under different stress conditions 
were studied in order to determine the optimal conditions 
and the best D. salina strain for commercial algal produc-
tion. The impacts of different environmental factors on 
growth and beta-carotene accumulation were evaluated 
based on the results of an orthogonal experimental design 
in order to provide scientific guidance for the further opti-
mization of production in northeastern Thailand.

3. Materials and Methods

3.1. Algae Strains and Cultivation Conditions
Dunaliella salina strains were obtained from the Biosci-

ence Laboratory of the Botany Department at Kasetsart 
University. Three D. salina strains, namely KU XI, KU 10 
and KU 31, were isolated from 60 saline soil samples in 
Thailand. KU XI was used as a control strain in contrast 
to the other two strains (18). Dunaliella salina strains were 
cultured in a column photobioreactor with a working 
volume of 250 ml (15). The culture medium was Modi-
fied Johnsons Medium (15). The initial pH and cell density 
were controlled at 7.5 and approx. 50 × 104/mL. The salin-
ity (NaCl concentration) was 2 M (117 g NaCl L-1).

3.2. The Effects of Environmental Factors on 
Dunaliella salina

In order to study the effects of environmental factors 
on the growth and pigment accumulation of the three D. 
salina strains, a L9 (34) orthogonal form was designed (Ta-
ble 1). Light intensity and temperature were determined 
based on the conditions in an actual algal cultivation 

plant located at Nakhon Ratchasima, Thailand. KNO3 was 
0.5 g L-1; NaHCO3 was 0.5 g L-1, while the other components 
of the Modified Johnsons Medium were maintained at 
the original concentration. The light source was daylight 
fluorescence lamps with 12 hours light/12 hours dark.

3.3. The effects of Nutritional Factors on D. salina
For studying the effects of KNO3, CO (NH2)2 and NaHCO3 

on the growth and pigment accumulation in the three D. 
salina strains, an L9 (34) orthogonal forms was designed (Ta-
ble 2). The light intensity was 68.5 μmol m-2 s-1 and the light/
dark circle was 12 hours/12 hours. The temperature was 22°C.

3.4. Cell Density Determination and Pigment 
Extraction

Algal densities were checked daily with a haematocy-
tometer under a microscope, and the pH level was mea-
sured with a BT-10 pH meter manufactured by Becthai 
Bangkok Equipment and Chemical Co., LTD. For pigment 
extraction, centrifuged algae samples were dissolved 
into cold methanol with 0.1% (w/v) butylated hydroxy-
toluene (BHT) added, sonicated for 10 minutes. Finally, 
acetone (90%) was used to extract pigments from these 
processed samples. All procedures were conducted un-
der dim laboratory light to prevent pigment photo-ox-
idation (7). The extracted solutions were examined by a 
HP8453 ultraviolet spectrophotometer manufactured by 
the Hewlett-Packard Company, USA. The chlorophyll con-
tent was calculated by using the following equation (15, 
18): Chl = (8.02 × OD645 + 20.21 × OD663) × Vt/V0 Where Chl 
was chlorophyll content (mgL-1); OD645and OD663 were 
optical densities of pigment extraction solution; Vt was 
ultimate extraction solution volume (mL); and V0 was al-
gae sample volume (mL).

The beta-carotene extraction solution was analyzed by a 
Waters e2695 HPLC with a Waters XTerra RP18 Column 5µm, 
manufactured by the Waters Company, USA. In the mobile 
phase, solvent A was ethyl acetate and solvent B was aceto-
nitrile and water (9:1, v/v). The flow rate was 1 ml min-1. The 
solvent programming was 0 – 16 minutes, 0 – 60% solvent A; 
16 – 30 minutes, 60% solvent A; 30 - 35 minutes, 100% solvent 
A (7, 19). Finally, the beta-carotene content was converted 
into dry biomass weight (mg g-1 dry biomass wt).

3.5. Statistical Analysis
The data was processed using Microsoft Excel 2010 soft-

ware using the ANOVA method and t-Test. All treatments 
were evaluated four times.

3.6. Ethics Statement
The three D. salina strains, KU XI, KU 10, and KU 31, be-

longed to the Bioscience Laboratory of the Botany De-
partment in the Faculty of Science at Kasetsart University. 
This lab has authorized all authors of this paper to use 
the three strains for scientific research work only.
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4. Results

4.1. The Effect of Light, Temperature, and Strain on 
the pH Value of the Culture Medium

The pH value of cultures at 22°C and 30°C increased quickly 
and then gradually decreased after six or seven days. Tr6 and 
Tr1 showed the highest and lowest pH value, respectively. 
The pH value of cultures at 15°C (Tr1, Tr4, and Tr7) increased 
slowly and remained lower than the other two temperatures 
(Figure 1 A). Low temperature and light intensity restrained 
algae growth, resulting in a lower pH (20-22). The pH value 
was correlated with algae growth; cultures in the early stage 
of development all had lower pH values (Figure 1).

4.2. The Effects of Light and Temperature on the 
Growth of the Three Strains

The highest and lowest cell density and growth rate were 
presented in Tr8 and Tr1, respectively. The cell densities of 
cultures Tr8 and Tr9 under higher light intensity (245.6 
μmol m-2 s-1) were significantly higher than the cultures 
Tr3 and Tr1 under lower light intensity. The other treat-
ments did not show significantly positive or negative ef-
fects on the increase of cell density (Figure 1B). Moreover, 
the cell density of Tr2 (the lowest light intensity but the 
optimal temperature) was significantly higher than Tr7 
(the highest light intensity but the lowest temperature). 
These results show that low light intensity could restrain 
growth; however, light intensity was not the only factor 
that was determined to have affected growth.

The growth of cultures at 22℃ (Tr8, Tr5, and Tr2) was bet-
ter than with other treatments. Although the final cell 
density of Tr6 (30°C) was not significantly different when 
compared with cultures at 22°C, its growth rate in the 
early stage was lower than that of cultures at 22°C (Fig-
ure 1B). These results have shown that 22°C in this study 
was the most suitable temperature for algae growth. The 
orthogonal analysis of cell growth showed that light in-
tensity and temperature both had significant effects on 
the growth of the three D. salina strains, and the impacts 
of temperature were stronger than the impacts of light 
intensity. The growth among strains was not significantly 
different (Table 3). This indicated that temperature could 
have more of an effect on algae growth; the optimal tem-
perature and light intensity in this study were 22°C and 
135.3 µmol m-2 s-1.

4.3. The Effects of Light and Temperature on 
Pigment Accumulation in the Three Strains

Chlorophyll accumulation in six treatments of cultures 
at 22°C and 30°C increased quickly after three days of culti-
vation and declined after eight days. The final chlorophyll 
content was not significantly different, but the highest 
chlorophyll content appeared in Tr2 and Tr3, which were 
exposed to the lowest light intensity (68.5 μmol m-2 s-1). It 

can be concluded that low light intensity was most appro-
priate for chlorophyll accumulation (Figure 1C).

Chlorophyll accumulation in three treatments of cul-
tures at 15°C was always lower than the other treatments 
in two temperature groups. The chlorophyll content of 
the three strains always displayed an ascendant trend in 
the cultures at 15°C, although their final content was low-
er than the content of the other treatments (Figure 1C). 
This could be explained by the fact that the three strains 
in the early cultivation stage needed different amounts 
of time to adapt to the low temperature, which resulted 
in low nutrient consumption and a low growth rate. 
Therefore, the nutrition, specifically nitrogen resource, 
still remained in the culture medium in the late stage 
which could continue maintain the algae growth (20, 
21, 23). The beta-carotene accumulations of all cultures 
quickly increased after five days of cultivation. It could 
be explained that fast increases in biomass accelerated 
nutrient consumption which promoted beta-carotene 
accumulation (24). The highest beta-carotene content 
(117.99 mgL-1) appeared in Tr8, followed by Tr5. The final 
beta-carotene content of strain KU XI (Tr2, Tr4 and Tr9) 
was higher than that of the other two strains (Figure 1D).

Orthogonal analysis showed that temperature and light 
intensity both had significant effects on beta-carotene ac-
cumulation, and the impact of temperature was stronger 
than that of light intensity (Table 4). This indicated that 
temperature could be the main factor contributing to be-
ta-carotene accumulation. The accumulation of beta-car-
otene in the three strains was not significantly different, 
although KU XI produced higher levels of beta-carotene 
than the other two strains (Table 4). The most suitable 
light intensity and temperature rates for beta-carotene 
accumulation of algae in this study were 135.3 μmol m-2 
s-1 and 22°C. Beta-carotene content under the light inten-
sity of 245.6 µmol m-2 s-1 and 135.3 µmol m-2 s-1 was not sig-
nificantly different (Table 4). Moreover, 135.3 µmol m-2 s-1 
and 22°C were also suitable for algae growth (Figure 1B). 
Hence, these rates could be used in actual algal produc-
tion; controlling light intensity and temperature could 
simultaneously obtain maximum biomass and high lev-
els of beta-carotene.

4.4. The Effects of Nutrition and Strains on the pH 
Value of the Culture Medium

The pH values of all cultures all increased linearly before 
the seventh day, and then showed an irregular variation. 
This trend was different from previous light-temperature 
experiment results (Figure 1A and Figure 2A). Cultures with 
a high concentration of NaHCO3 (Tr3, Tr4 and Tr8) exhibited 
the highest pH value. Furthermore, their growth was better 
than that of the other cultures (Figure 2). Accordingly, cul-
tures with a low concentration of NaHCO3 (Tr9, Tr5, and Tr1) 
showed the lowest pH value (Figure 2A). These results indi-
cate that NaHCO3 could significantly affect the pH value of 
the culture medium.
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4.5. The effects of Nutrition on the Growth of the 
Three Strains

The growth of all cultures increased slowly before the 
fifth day, and their cell densities were not significantly dif-
ferent. The highest final cell densities were presented in 
Tr8, Tr3, and Tr4, and lowest final cell densities appeared 
in Tr9 and Tr1 (Figure 2B). However, their nitrogen con-
centrations were extremely different (Table 2). This indi-
cates that nitrogen does not significantly affect growth; 
orthogonal analysis also confirmed this result (Table 
5). Furthermore, the growth of the cultures with a high 
concentration of NaHCO3 (1.5 gL-1) was higher than those 
with a low concentration (0.5 gL-1) (Figure 2B). Moreover, 
the growth of cultures in different nitrogen resource was 
not significant different, although growth of cultures 
in mixed nitrogen resources was higher than that in CO 
(NH2)2 only (Figure 2B and Table 5).

An orthogonal analysis of the growth affected by nutrition 
and strains showed that the effect of NaHCO3 on algae growth 
was positive. However, the growth among the strains was not 
significantly different. This result was consistent with previ-
ous experimental results (Tables 3 and 5). The optimal nutri-
tion conditions for algae growth in this study were 0.5 g KNO3 
L-1, 0. 36 g CO(NH2)2 L-1 and 1.5 g NaHCO3 L-1 (Table 5).

4.6. Effects of Nutrition on Pigment Accumulation 
in the Three Strains

Beta-carotene accumulation in all cultures rapidly 
increased after the fifth day. The highest beta-carotene 
content appeared in Tr4 (41.49 mgL-1) and Tr1 (61.19 mgL-
1) with nitrogen resources of CO(NH2)2, but the concen-
tration of NaHCO3 was inconsistent (Figure 2C and Table 
2). KU XI accumulated higher beta-carotene levels than 
the other two strains (Figure 2C). Orthogonal analysis 
showed that the extremum value of beta-carotene ac-
cumulation among strains was higher than the growth 
value (Tables 5 and 6). Compared with previous experi-
ment results, this showed that the beta-carotene accu-
mulation ability of KU XI was stronger than that of the 
other two strains. Low concentrations of nitrogen were 
most suitable for beta-carotene accumulation (Table 6), 
but the effects of NaHCO3 on beta-carotene accumula-
tion were weaker than the effects on algae growth (Ta-
bles 5 and 6). The results of this study have shown that 
the optimal conditions for beta-carotene accumulation 
were 0.12 g CO(NH2)2 L-1 and 1.5 g NaHCO3 L-1 (Table 6).

Chlorophyll accumulations of all cultures quickly in-
creased after 5 days cultivation, and their accumulation 
rate and content were all higher than the corresponding 
levels of β-carotene (Figure 2D). Higher chlorophyll con-
tent appeared in Tr5, Tr6, and Tr7, and their total nitrogen 
concentrations were higher than in the other treatments. 
Lower chlorophyll content appeared in Tr1 with the lowest 
nitrogen concentration (0.12 g L-1). Results indicated that 
high nitrogen concentration was most suitable for chloro-
phyll accumulation.

Table 1. Orthogonal Design of Light, Temperature (Temp.), and Strains
No. Light, μmolm-2 s-1 Temp°C Strains
Tr1 68.5 15 KU 10
Tr2 68.5 22 KU Ⅺ
Tr3 68.5 30 KU 31
Tr4 135.3 15 KU Ⅺ
Tr5 135.3 22 KU 31
Tr6 135.3 30 KU 10
Tr7 245.6 15 KU 31
Tr8 245.6 22 KU 10
Tr9 245.6 30 KU Ⅺ

Table 2. Orthogonal Design of Nutrition and Strains
No. Strains KNO3, gL-1 CO(NH2)2, gL-1 NaHCO3, gL-1

Tr1 KU 10 0 0.12 0.5
Tr2 KU 10 0.5 0.24 1
Tr3 KU 10 1 0.36 1.5
Tr4 KU Ⅺ 0 0.24 1.5
Tr5 KU Ⅺ 0.5 0.36 0.5
Tr6 KU Ⅺ 1 0.12 1
Tr7 KU 31 0 0.36 1
Tr8 KU 31 0.5 0.12 1.5
Tr9 KU 31 1 0.24 0.5
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Figure 1. Effects of Environmental Factors on Strains
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Table 3. Orthogonal Analysis of Cell Growth Effected by Light, Temperature and Strains
Factor Mean 1a Mean 2a Mean 3a Extremum f S F P
Light 57.6 88.0 80.3 30.4 2 748.5 23.1 .041 b

Temperature 40.0 114.0 71.8 74.0 2 4138.3 127.7 .008 b

Strains 78.2 78.8 68.8 9.9 2 93.9 2.9 .257
aAverage cell density under different levels of environmental factors from lowest to highest represented by Arabic numerals; all data was collected on 
the 12th day; the unit is ×105 ml-1

bIt is significant difference if P value below 0.05.

Table 4. Orthogonal Analysis of Beta-carotene Accumulation Effected by Light, Temperature and Strains
Factor Mean 1 a Mean 2 a Mean 3 a Extremum f S F P
Light 45.7 81.1 80.9 35.4 2 1247.5 43.4 .023 b

Temprature 47.7 102.9 57.5 54.8 2 2568.6 89.3 .011 b

Strains 70.0 76.9 61.0 15.9 2 189.8 6.6 .132
aAverage final β-carotene content under different levels of nutritional factors from lowest to highest represented by Arabic numerals;, all the data was 
collected onat the 12th day; the unit is mg l-1

bIt is significant difference if P value below 0.05.

Figure 2. Effects of Nutritional Factors on Strains
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Table 5. Orthogonal Analysis of Cell Growth Affected by Nutrition and Strains

Factor Mean 1 a Mean 2 a Mean 3 a Extremum f S F P

Strains 94.3 97.9 99.1 4.8 2 19.1 1.0 .500

KNO3 90.4 109.6 91.4 19.2 2 349.6 18.3 .052

CO(NH2)2 94.1 89.6 107.7 18.1 2 266.0 13.9 .067

NaHCO3 83.1 97.0 111.3 28.3 2 598.7 31.3 .031 b
aAverage cell density under different levels of nutritional factors from lowest to highest represented by Arabic numerals; all data was collected on the 
12th day; the unit is ×105 ml-1

bIt is significant difference if P value below 0.05.

Table 6. Orthogonal Analysis of Beta-carotene Accumulation Affected by Nutrition and Strains

Factor Mean 1 a Mean 2 a Mean 3 a Extremum f S F P b

Strains 23.9 29.1 17.9 11.2 2 101.7 1.0 0.500

KNO3 30.8 22.2 17.9 13.0 2 186.4 1.8 0.353

CO(NH2)2 28.5 21.9 20.6 7.9 2 93.7 0.9 0.521

NaHCO3 24.3 20.1 26.5 6.4 2 31.6 0.3 0.763
aAverage final β-carotene content under different levels of nutritional factors from lowest to highest represented by Arabic numerals; all data was 
collected on the 12th day; the unit is mg l-1

bIt is significant difference if P value below 0.05.

5. Discussion
Temperature and light intensity are both important 

environmental factors here, and studies found that tem-
perature plays a more important role in growth rate than 
pH level (22). In this study, a temperature of 22°C had 
significant effects on D. salina growth. However, some re-
ports indicated that 30°C was the most optimal growth 
temperature (7, 25, 26). The results of this study were con-
sistent with some reports that suggested that 22 or 25°C 
were most suitable for D. salina growth (15, 27, 28). The 
three strains in this study were selected and maintained 
at 20°C. Borowitzka et al. (29) have suggested that D. sa-
lina grew better than the other organisms because of its 
strong adaptability in stressed environments (4). Hence, 
long-periods of environmental adaptability could have 
changed some of the living habits of D. salina. Results of 
this study also showed that 135.3 μmol m-2 s-1 was the op-
timal light intensity for algae growth, and that lower or 
higher light intensity could restrain algae growth.

The ionization balance of the medium was determined 
as follows: HCO3

- → OH-+CO2. All D. salina are strictly pho-
toautotrophs and able to uptake CO2; the HCO3

- can be con-
verted to CO2 by extracellular carbonic anhydrase (15). Due 
to rapid cell division and growth during the cultivation 
period, algae consumed amounts of CO2 that promoted 
high concentrations of OH-, resulting in an increased pH 
value. However, the pH value declined with continued cul-
tivation over several. This result could be attributed to the 
large amounts of beta-carotene accumulation and some 
acidic chemicals secreted by algae cells, as well as the neu-
tralized parts of the alkaloid chemicals (30).

Higher light intensity applied to each single cell with 
lower density in the early cultivation stage lead to higher 

levels of beta-carotene accumulation (27). High light in-
tensity can hurt cellular development and restrain algae 
growth; therefore, the photosynthetic mechanism of D. 
salina was activated in order to produce larger amounts of 
beta-carotene, one of most important protective pigments 
located between the thylakoids and stored in neutral lip-
id droplets, effectively capable of filtering the abundant 
harmful light (27). Hence, high light intensity was suitable 
for beta-carotene biosynthesis but was disadvantageous to 
algae growth (5, 31). The orthogonal analysis of pigment 
accumulation and growth showed that D. salina growth 
depended on certain concentrations of nitrogen and car-
bon. However, current research on optimal nitrogen con-
centrations for algae growth had variable results, e.g. suit-
able nitrogen concentration (N) was N = 10 mM (4, 16) or N 
= 5 mM (17), both of which are consistent with the results 
of this study. However, some reports have claimed that 
growth under lower nitrogen concentrations (N = 0.75 or 
N = 1 mM) also performed well (14, 16).

CO(NH2)2 was more effective in promoting algae 
growth and KNO3 was most suitable for beta-carotene ac-
cumulation. Carbon was also important for algae growth 
and beta-carotene accumulation (16). Because the alga 
constantly utilizes HCO3

- and uptakes CO2, the concentra-
tion of HCO3

- decreased and the CO32- concentration in-
creased, which further induced the precipitation of other 
ions (Ca2

+ and Mg2
+) (14, 32). Hence, high concentrations 

of NaHCO3 (1.5 g L-1) in this study were optimal for algae 
growth. However, the effects of NaHCO3 on beta-carotene 
accumulation were not significant. It could be explained 
that the algae cells can synthetize a series of chemicals 
under the suitable concentrations of nitrogen and car-
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bon in order to maintain normal metabolic develop-
ment. In the absence of nitrogen, the amounts of carbon 
and hydrogen will participate in non-nitrogen-induced 
pigment synthesis and initiate beta-carotene accumula-
tion. Hence, the effects of nitrogen on beta-carotene accu-
mulation were stronger than those of NaHCO3 (5, 14, 31).

According to results of this study, under the tempera-
ture and light intensity of 22°C and 245.6 μmol m-2 s-1, 
biomass and beta-carotene were simultaneously able 
to reach a high yield. Moreover, according to algal pro-
ductivity in this study (0.11 g beta-carotene L-1 and 1.25 g 
biomass L-1 respectively), yields of one production period 
could be upwards of 29.7 kg pure β-carotene and 337.5 kg 
D. salina powder within 1000 m2 of a working area (valid 
working volume is 30 m × 30 m × 0.3 m). This yield is still 
lower than the intensive cultivation model. However, nu-
tritional or environmental factors could be further opti-
mized based on the results of this study in order to obtain 
higher yields. The commercial algal production plant 
was in Nakhon Ratchasima, Thailand, where most of the 
area is saline-alkali, with annual temperatures ranging 
between 22 - 33°C and 2800 hours of sunlight, suitable 
for algae cultivation. The most suitable commercial algal 
cultivation models in Nakhon Ratchasima, Thailand were 
small-scale outdoor race-way pond cultivation and inten-
sive indoor cultivation. The significance of this study is 
that the results could be used in future intensive com-
mercial cultivation projects and provide scientific guid-
ance for future extensive commercial cultivation. The ex-
perimental strains were new and isolated from saline soil 
in the domestic area. Furthermore, experimental factors 
surrounding the design and cultivation environments 
were simulated to be as similar to actual conditions as 
possible. Hence, this research may have expansive value 
and application.
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