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Abstract

Today, using CO, in microalgae cultures has been increasing for different purposes. Microalgae
have the potential to produce high-value products along with CO, fixation. Dunaliella is a two-
flagellate green microalga. The relatively good quality protein and fatty acid, besides lacking an
indigestible cell wall make this alga an exceptional food in aquaculture and poultry fostering.
In addition, there are many indigenous strains of algae with the advantage of adaptation to the regional
climate condition. The main objective of this study was to evaluate the CO, effect on the growth
pattern and biochemical composition of Dunaliella sp. ABRIINW-I is native to Urmia Lake.
Results showed that using CO, in the culture not only affects the biomass concentration (1.06
g/l AFDW vs 0.54 g/lin the control experiment) and growth period (reaching the stationary
phase in 7 days rather than 14 days in the control experiment); but also influences the chemical
composition. It seems that during the cultivation time, the lipid content increased in the cost of
carbohydrates (33.1%DW). Fatty acid analysis revealed an optimal combination of saturated
and unsaturated acids with the dominance of C16 and C18 fatty acids. It seems that CO,
injection had no significant effect on the type of FA. The nutritional values of the studied strain
were validated in this study, particularly when treated with CO,. The results demonstrated that

utilizing CO, in an algal culture could lead to decreased cost and energy requirements.
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Introduction species of this genus can be isolated from
Dunaliella (Chlorophyceae, marine and Salt Lake environments, ranging
Chlorophyta), is a two-flagellate green in salinity from 0.5% to the saturation extent

microalga which morphologically (approximately 35 %). This remarkable
characterized by lacking a rigid cell wall adaptability to high salt concentration makes

(Ben-Amotz and Avron, 1987). Various it the most tolerant eukaryote known (Avron,
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1992; Shariati and Lilai, 1994). In addition
to the use of Dunaliella in mass production
of pigment, factors like the relatively good
quality of protein and fatty acid, lack of an
indigestible cell wall, presence of high levels
of B carotene (vitamin A), and being healthy,
making it an exceptional food in aquaculture
and poultry fostering (Hoseini Tafreshi and
Shariati, 2009).

CO, the atmospheric
that  contributes Global warming
(Bilanovic et al., 2009), which is emitted

from

is major gas

to
anthropogenic  activities. Several
technologies have been employed to remove
the additional CO, from the atmosphere to
decrease the troubles of CO, acquisition.
Abiotic techniques such as physiochemical
absorbents, and injection into deep oceans
and geological formations expose critical
challenges; whereas, biological mitigation
proves to be both economically feasible and
environmentally sustainable in the long term
(Kumar et al. 2010). Studies confirmed the
microalgal potential for CO, sequestration.
(Bilanovic et al., 2009; Kassim and Meng,
2017; Nayak et al., 2016; Raeesossadati et al.,
2014; Razzak et al., 2013; Wang et al., 2008;
Zeng et al., 2011).

Microalgae have the potential to produce
biofuels

along with CO, fixation. The utilization of

high-value products such as
CO, in microalgae cultures for efficiency
enhancement has been increased (Anjos et al.,
2013; Bilanovic et al., 2009; De Morais and
Costa, 2007; Knudsen et al., 2009; Lam et al.,
2012; Li et al., 2011; Nakanishi et al., 2014;
Rinanti et al., 2014; Yeh and Chang, 2011;
Youetal.,2010). Furthermore, carbon dioxide

(CO,) can be utilized to effectively regulate

1230

and maintain the pH levels in the culture,
eliminating the requirement for costly buffers
(Qiu et al., 2017). In this regard, studies on
CO, utilization in Dunaliella cultures showed
that CO, application influences the quantity
along with the quality of various products
(Moghimifam et al., 2020a). On the other
hand, various strains of Dunaliella exhibited
varying capabilities in product accumulation
(Hosseinzadeh Gharajeh et al., 2020; Xu et
al., 2018); their responses to the CO, level
were also different (Moghimifam et al.,
2020b). Numerous indigenous strains exist
as a result of diverse salt lakes and marshes.
These native strains possess the advantage
of adaptation to the local climate condition;
nevertheless, the growth potential and yield
production of the majority of them remain
uncertain.

Due to the high lipid content, microalgae
are one of the possible sources for biodiesel
production (Benhima et al., 2018). Lipid
production in microalgae is affected by
growth conditions (Chavoshi and Shariati,
2019; Schenk et al., 2009) like carbon
sources (De Swaaf et al., 2003) and salt
concentrations (Hopkins et al., 2019; Rizwan
et al,, 2017; Takagi et al., 2006). Studies
conducted on Dunaliella have revealed a
relatively high growth rate and a substantial
lipid content, making it a promising candidate
for the production of biofuel (Rasoul-Amini
et al., 2014; Tang et al., 2011). Shuping et
al. (2010) represented the bio-oil product
of D. tertiolecta as a possible eco-friendly
green biofuel. Furthermore, Dunaliella
spp. possesses the advantage of growing
in brackish to saltwater and wastewater

environments, exhibiting remarkable salt



tolerance and effortless lipid extraction
(Tang et al., 2011). In their study, Rismani
and Shariati (2017) found that the optimum
growth rate of D. salina occurred at a 1.5
M concentration of NaCl. They suggested
this species could be utilized for biodiesel
and Omega-3 productions, as they observed
an increase in total lipid and omega-3 fatty
acids production under salt stress conditions.
In comparison with the other two indigenous
isolates, Hosseinzadeh Gharajeh et al. (2020)
noted that Dunaliella sp. ABRIINW-I
exhibited a significant increase in a uniform
culture containing 1M NaCl.

In this research, the growth pattern and lipid
production of Dunaliella sp. ABRIINW-I ,
native to Urmia Lake (northwest Iran) was
investigated. This study aimed to investigate
the effects of CO, on biomass yield, pigment

content, and fatty acid profile of native
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Dunaliella strain at 0.5 M NaCl.

Material and methods
Isolate and growth conditions

The Dunaliella  sp.
ABRIINW-I, was obtained from the
Agricultural Biotechnology Research Institute
of Iran (ABRII), Northwest Branch. This

isolate was originally derived from Urmia

native  isolate,

Lake, in northwest Iran. Urmia Lake is the
world’s second hypersaline lake, with a salinity
range between 140-220 g/L, exceeding 380
g/Lin recent years due to the drastic reduction
of surface area (Sharifi et al., 2018).

Flask cultivation

Dunaliella sp. ABRIINW-I was cultured
in 250 ml Erlenmeyer flasks using a sterile
medium. Modified Johnson medium with
1.5 M NaCl (Hejazi and Wijffels, 2003) was

used for culture. The cultures were kept in

Fig. 1. A photobioreactor, with a volume of 10 liters, illuminated

by four artificial light sources and continuously aerated with

filtered air
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a phytotron at a temperature of 25 °C, 100
pumol photons/s/m, and a 16:8 h light: dark
photoperiod.

PBR Cultivation

Dunaliella sp. ABRIINW-I, which has been
cultured for 15 days, inoculated into a water
jacket glass vessel photobioreactor (PBR)
(Fermentor bioreactor- BioFlo 110) with a
working volume of 10 L. The vessel was
illuminated by four artificial light sources
that remained constant. The culture is
continuously aerated by filtered air (Castilla
Casadiego et al., 2016). CO, was injected
discontinuously using a mass flow controller
(MFC) to regulate the flow rate of CO, and
controlled by a controller to maintain the
culture pH at 7.5. The experimental setup
is shown in Figure 1. The initial optical
density (OD) was approximately 0.2 at 730
nm and the culture growth was monitored
daily. Optical density and pigments were
measured throughout the cultivation period
while sampling for additional biochemical
analysis was conducted every week.

A control experiment was also run where
CO, injection was not performed. The pH
level was maintained at 7.5 by initially
adding of Tris-Base (11.12 g.LL").

Biomass concentration

The optical density was measured at 730 nm
using a UV/VIS spectrophotometer daily
(Perkin Elmer, Lambda 35). The relationship
between OD_, and biomass was determined
experimentally. The biomass concentration
was measured in dry weight (DW) and as
ash-free dry weight (AFDW) according to
Hosseinzadeh Gharajeh et al. (2020) and
calculated through the following equations:
DW(g.L")=0D_, x 0.8, R*=0.95 (1)
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AFDW(g.L")=0D,, x 0.41,R?=0.95

Pigment contents

@

Chlorophylls and carotenoid content of the
culture were measured by spectrophotometer
every day. The algal sample (3 to 5 ml) was
centrifuged at 5000 rpm for 5 minutes.
After removal of the supernatant, 3 to 5
ml of 100% pure acetone was added and
homogenized using a vortex mixer. Then,
the mixer recentrifuged at 5000 rpm for
5 minutes. The supernatant was used to
scan the absorbance by spectrophotometer
(Perkin Elmer, Lambda 35-UV-VIS), and
the content of the pigment was calculated
using the following formula (Lichtenthaler
and Buschmann, 2001):

Chl (ugmL')=1124 xA -2.04 xA_,
Chl, (ug.mL™")=20.13 xA _ -4.19 A,
Cart (ug.mL™) (1000xA,_ -1.9xChl -
63.14xChl,) / 214

TChl (ug.mL") = Chl_+ Chl,

where A is the absorption value in the
specific wavelength, Chl, Chl, and Cart
chlorophyll b,

carotenoids respectively. Pigment contents

are chlorophyll a, and
were expressed as %DW.

Carbohydrate content

Carbohydrates were determined by the
phenol-sulphuric acid method (Hosseinzadeh
Gharajeh et al., 2020). Measurements were
carried out by spectrophotometer (Perkin
Elmer, Lambda 35-UV-VIS) at 485 nm
using glucose as standard.

Lipid content and fatty acids profile

The modified method of Bligh and Dyer
(Yang et al., 2014) was used for the
extraction of lipid content. The lipid fatty
acid methyl esters (FAME) were prepared

by the esterification method to analyze the



fatty acid composition (Cheng et al., 2015).
The preparation containing FAME and
hexane was analyzed using GC analysis. The
analysis was conducted on a Bruker capillary
gas chromatograph (model Scion 456 GC).
For the analysis, an Rt-2330 polar fused
silica capillary column (with dimensions
of 105 m X 0.250 mm and a film thickness
of 0.20 um) was utilized. The temperature
profile was as follows: the oven temperature
was set at 100°C and then raised to 140°C
at a rate of 3°C per minute. Subsequently, it
further increased to 170°C at a rate of 0.5°C
per minute. Finally, it was raised to 220°C at
a rate of 4°C per minute for 30 minutes. The
carrier gas used was helium, flowing at a
rate of 1 ml/m. The injector temperature was
set at 250°C, and the detector which was an
FID was also set at 250°C.

Statistical Analysis

Statistical analyses were performed using
SPSS 16. Drawing graphs was performed
by Microsoft Excel 2016.
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Results
Biomass concentration

The influence of CO, on the biomass
concentration and growth rate of native
Dunaliella sp. ABRIINW-I, was studied.
Higher dry weight (2.07 g/I) accounted
for treatment with CO, after 6- days
of cultivation, whereas in the control
experiment, maximum dry weight was
observed after 11 days of cultivation and the
value was also low (1.05 g/l). The maximum
biomass concentration (AFDW: 1.06 g/l)
was also obtained in CO, treatment on the
6™ day, while in the control experiment the
maximum biomass concentration was 0.54
g/l (AFDW), which was obtained on the
11" day (Fig. 2). Biomass Productivity in
treatment with CO, was calculated 0.17 g/l/
day while in the control experiment was 0.04
g/l/day.
Pigments content
the content of chlorophylls (a, b, total)

and total carotenoids as % DW are

a 1 2 3 4 7 & a n "

Time (Day)

Fig. 2. Biomass concentration of Dunaliella sp. ABRIINW-I1 as AFDW measured in cultures with

CO; injection (a) and the control experiment (b).

Table 1. Pigment contents (% DW) of Dunaliella sp. ABRIINW-II cultured in medium with and without

CO; injection

Chl, Chly, TChl Cart T Pig Chly/Chl,  Cart/Chl,  Cart/Chly
CO; treatment 145 04 1.86 043 2.29 0.19 0.015 0.056
Control experiment 133 1.3 2.63 034 297 0.09 0.025 0.025
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shown in Table 1. In total, the maximum
pigment content (sum of chlorophylls and
carotenoids) was obtained at day 14 in the
control experiment (2.97 % DW), whereas,
in the presence of CO,, this amount was
2.29 % DW at the end of the growth period
(7™ day). This difference is primarily due
to the higher biomass concentration in
CO, treatment. Results of the t-test showed
significant differences in chlorophyll a
and total chlorophyll in biomass between
two treatments (p< 0.05) and the amounts
of chlorophyll a and total chlorophyll in
biomass were significantly higher in CO,
treatment. However, chlorophyll b and
carotenoid content in biomass showed
no significant difference between the two
experiments (p> 0.05).

Lipid and carbohydrate contents

The Dunaliella sp. ABRIINW-I, biomass
was harvested at weekly intervals to
determine the total lipid and carbohydrate
contents. The growth rate in the CO,
treatment decreased after 6 days, leading
to the termination of the experiment in the
first week. On the other hand, the control

35
30
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w

Li & CA (%DW)
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=
v o

experiment continued for two weeks. After
7 days of cultivation in the CO, treatment,
the lipid and carbohydrate contents were
33.1% and 1.4% (DW) respectively, while
in the control experiment, the lipid content
was 21.45% (DW) and carbohydrate was
2.6% (DW) after 14 days of cultivation
(Figure 3). The carbohydrate content
showed a significant difference between the
two treatments (p < 0.05), with the control
experiment having a higher content due to
the longer growth period.

Fatty acid profile

Table 2 shows the fatty acid composition
of Dunaliella sp. ABRIINW-I in two
experiments. Fatty acid profile mainly
composed of palmitic acid (C16:0), stearic
acid (C18:0), linoleic acid (C18:2), and
Alpha linolenic acid (C18:3), which were

dominant in both experiments.

Discussion

In this study, the effects of CO, on growth
parameters, pigment and carbohydrate
contents, lipid content, and FA profile of
Dunaliella sp. ABRIINW-I native to Urmia

M CA
A Li
mCA
|

[=]

Time (Day)

14

Fig. 3. Biochemical composition of Dunaliella sp. ABRIINW-II in two

treatments. The dotted columns are the results of CO- treatment. Li:

lipid, CA: Carbohydrate



Lake was evaluated. Results revealed that
CO, injection could increase the growth and
biomass of the studied isolate in addition to
decreasing the growth duration. The biomass
production obtained in CO, treatment was
4.25 fold as much for the control experiment.
Other researchers that had studied the
CO, effect achieved optimum growth of

Dunaliella taxa in the concentration of 1-6%

Plant, Algae, and Environment, Vol. 8, Issue 1, 2024

In total, chlorophyll amount was reported
approximately  0.5-1.5%
in microalgae (Becker, 1994). In both

experiments, it was anticipated that the

dry  weight

amount of chlorophyll a would be higher
than that of chlorophyll b, and the results
confirmed this expectation. Hosseinzadeh
Gharajeh et al. (2020) reported similar

results. One of the significant characteristics

CO, (Kim et al., 2012; Suzuki et al., 1995; of Dunaliella salina is the high potential to
Tang et al., 2011).

Algae are characterized by a wide

accumulate enhanced levels of carotenoids
particularly B carotene when subjected to

range of pigments such as chlorophylls, specific stressors such as nutrient limitation,

and carotenoids. Chlorophyll a; type high salinity, and light stress (Saha et al.,

of chlorophyll, plays a key role in 2018). However, in our experiments, where

photosynthesis. Other pigments are accessory these stressors were absent, the carotenoid

pigments, acting as photoprotective content did not exhibit a significant increase.

agents and preventing harmful radicals. Carbohydrates are the primary

Table 2. Fatty acid profile of Dunaliella sp. ABRIINW-11 (DW%) in two treatments

COz treatment ~ Control experiment  Control experiment

FA

Day 7 Day 7 Day 14
1 14:0 Myristatic acid 0.83 £0.091 1.32+0.61 0.79 £ 0.049
2 16:0 Palmitic acid 26.28 £ 0.55 29.82+2.15 23.95£1.25
3 16:1 9C Palmitoleic acid 1.27+0.14 2.64+0.26 3.04+0.21
-+ 18:0 Stearic acid 1538 +2.46 22.13+4.58 13.37£1.9
5 18:1 9C Oleic acid 443£0.42 4.5+0.55 4.15£0.1
6 18:1 11C Vaccenic acid 1.65+0.15 1.77=0.16 2.35x0.12
7 19:0 Nanodecanoic acid 0.54=0.042 0.3+0.43 0.67=0.07
8 18:2 9C,12C Linoleic acid (n6) 15.6 £0.75 13.1+2.22 14.92+0.5
9 18:3 6C,9C,12C Gamma Linolenic acid (n6) 3.86+0.14 3.12+0.6 4.59+0.26
10 18:39C,12C,15C Alpha linolenic acid (n3) 29.63+0.17 20.6 +4.37 31.75+1.85
11 20:0 Arachidic Acid 0.39+0.17 0.56+0 0.38+0.041
12 XESFA 43,53+ 1.83 54.25=7.07 39.17£3.05
13  :EMUFA 7.35£0.72 8.92+0.12 9.55+0.44
14 XZPUFA 49.11+ 1.09 41.24+£13.46 51.26£2.62
15 Zn3 PUFA 29.63+0.17 20.6 £4.37 31.75£1.85
16 Zn6 PUFA 19.46+ 0.89 16.22+2.83 19.51£0.77
17  n3:n6 1.52 1.27 1.62
18 n6:n3 0.65 0.78 0.61
19 UFA:SFA 1.29 0.84 1.55
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organic products during the process of
photosynthesis. It appears that during the
cultivation progresses, there is an increase in
lipid content at the expense of carbohydrates.
According to Hosseinzadeh Gharajeh et al.
(2020), after comparing three isolates of
Dunaliella it was determined that the cells
tend to reserve the carbon and energy in the
form of lipids rather than carbohydrates. On
the other hand, the utilization of CO, resulted
in the high lipid content within a brief period.
In this regard, the daily lipid productivity
exhibited approximately a five-fold surge
when treated with CO,. Some researchers
have linked the heightened lipid content in
the presence of CO, to the mechanism of
lipid synthesis, thereby enhancing the lipid
content of microalgae in the presence of
inorganic carbon (Kassim and Meng 2017;
White et al. 2013).

Analysis of the FA showed that the Dunaliella
sp. ABRIINW-I, mostly accumulated the
C16 and CI18 fatty acids, which generally
are dominant in algal cells (Elsey et al.
2007; Lang et al. 2011; Talebi et al. 2013).
There was no significant difference in the
type of FAs between the two treatments.
The main components of the FA profile
were n3-ALA, saturated FAs (C16:0 and
C18:0), and n6- linoleic acid. Similar results
were observed by Hosseinzadeh Gharajeh
et al. (2020). Herrero and colleagues (2006)
identified palmitic acid and ALA as the
primary fatty acids in D. salina. In contrast
to their findings, oleic acid was not found in
high concentrations in this particular study.
Previous studies have linked the increase
of oleic acid in various algal cells to the

deficiency in N and P in culture medium
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(Ho et al., 2010; Hu and Gao, 2006; Ji et
al., 2013; Msanne et al., 2012). In our work,
these nutrients were sufficiently added to
the culture as KNO, and KH,PO,, and the
nutrient defect was not the case.

Yecong and colleagues (2011) revealed that
the growth phase could also affect the lipid
content and FAMESs. The findings from the
control experiment indicated that during the
initial week, the amount of the SAFAs was
high. However, as the growth progressed,
the SAFAs decreased, while the amount
of the USFAs increased. Consequently, at
the stationary phase, the fatty acid profiles
in both treatment groups exhibited no
significant difference. Additionally, lipid
content altered throughout the growth phase.
Among the PUFAs, n3 and n6 fatty acids are
essential for humans and all other mammals.
The n6/n3 balance plays a crucial role in
decreasing the risk of coronary heart disease
(Simopoulos, 2008). Although in our study
this ratio did not match the international
standards (Ma et al., 2016), the n3/n6 ratio,
which is a valuable indicator for assessing
exceeded nutritional value of oily foods,
exceeded certain fish species. This was
supported by Cakmak et al. (2014) in their
work on the biochemical composition of
Dunaliella salina, where they found that
the extracted oils had a higher nutritional
value compared to some fishes. Studies on
FA composition in some fishes characterized
the ratio of 1.03-2.8 for the n3/n6 ratio
(Cakmak et al., 2012; Donmez, 2009; Guler

et al., 2007).
In total, various parameters including
salinity, light intensity, duration,

temperature, medium type, and nitrate



concentration could influence the growth,
pigment, lipid, and carbohydrate contents
of algae (Al-Adali et al., 2012). The
halotolerant Dunaliella salina is the known
commercial microalgae with various
strains of Dunaliella growing in saltwater
ecosystems of Iran. The main aim of this
work was to investigate the effects of CO,
injection on the growth and biochemistry of
native Dunaliella sp. ABRIINW-I,. Results
revealed that utilizing CO, in a culture not
only affects the biomass concentration and
growth period but also affects the chemical
composition.  Furthermore, fatty acid
analysis revealed an optimal combination
of saturated and unsaturated acids with the
dominance of C16 and CI8 fatty acids.
Fatty acid methyl esters play a crucial role
in the biodiesel properties of algal biomass.
In addition, lipids have great importance at
various growth stages of many aquaculture
animals. Our results confirmed the nutritional
values of the studied strain particularly
when treated with CO,. The introduction of
CO, had no significant impact on the type
of fatty acids. The results demonstrated
that throughout the microalgae cultivation
of microalgae, CO, sequestration, biofuel,
and food production could be combined.
Additionally, the utilization of CO, in algal
cultivation could lead to a decrease in costs

and energy requirements.
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