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Abstract

Microalgae represent efficient photosynthetic microorganisms with the potential to serve as natural air purifiers by generating
oxygen and reducing CO, levels. They utilize dissolved carbonate and bicarbonate from CO, in the culture medium to support
their growth. As they proliferate, the pH of the medium increases, creating favorable conditions for microalgae growth. This
study focuses on characterizing microalgae for their efficiency in CO, fixation and biomass production within a closed system.
Optical density, pH, and dissolved CO, levels were measured. Optimization of extraction methods for pigment and lipid
production was conducted. The Bligh and Dyer method was employed for lipid extraction, while 99% Methanol was utilized
for chlorophyll extraction. The study aimed to not only understand the carbon sequestration potential of microalgae but also
develop practical strategies for maximizing their biomass and valuable product yields. In this study, the biomass productivity
was obtained 80 mg/L for Chlorella sp. and 200 mg/L for Oscillatoria sp. The lipids, proteins, and polysaccharides present in
microalgae biomass possess significant application potential, serving as valuable raw materials in industries such as biofuel
production, biochemical manufacturing, food processing, pharmaceuticals, and various other sectors.
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1. Introduction

Microalgae are microscopic, photosynthetic organisms found
worldwide in water and soil. Microalgae may have different
type of cell organization: unicellular, colonial and filamentous.
Microalgae may be prokaryotic (no nucleus) or eukaryotic (with
nucleus and other organelles). They contain important structures
like chloroplasts for photosynthesis and nuclei for genetic
information. They may have spores for reproduction and flagella
for movement [1]. Microalgae require specific environmental
conditions (light, temperature, etc.) for optimal growth and
carbon capture. The ideal light intensity for most microalgae is
between 26 and 400 umol photons m™2 s [2]. The impact of
optimal temperature varies significantly depending on the species
of microalgae. Maintaining a pH level between 6.5 and 8 is often
recommended for successful microalgae cultivation [3]. Carbon,
nitrogen, and phosphorus are vital building blocks for microalgae
cells and biomass growth. Balancing the carbon - nitrogen ratio
is crucial for optimal carbon fixation, biomass production, and
valuable component generation. Increasing the concentration of
phosphorus is beneficial to microalgae development and lipid
accumulation. Microalgae use phosphorus for energy production
(ATP) and cell wall formation [2]. Higher levels of CO, were
found to have a positive impact on the carbon metabolism of
microalgae [3]. Different microalgae species have varying
tolerances to CO, concentration. Either a very high or very low
CO, concentration reduces the CO, fixation efficiency and the
biomass yield [2].

Oscillatoria sp., a type of filamentous cyanobacteria commonly

called Blue-green algae, displays a filamentous structure
composed of chains of cylindrical cells aligned sequentially.
These organisms are frequently sighted on the surface of their
environment. Chlorella sp., a species of unicellular green algae,
typically exhibits a round shape with a diameter typically falling
between 2 to 10 micrometers. These algae are commonly found
in diverse aquatic habitats like freshwater ponds, lakes, and
rivers. Carbon enters the atmosphere through natural and human
processes, including organic matter breakdown, breathing, and
combustion of plant materials and fossil fuels. Microalgae cells
are primarily carbon-rich, accounting for half their dry weight.
Microalgae, through photosynthesis, can effectively combat
climate change by absorbing and storing carbon dioxide from
the environment [4]. Microalgae absorb 10-50 times more due
to faster growth, higher photosynthetic rate, and adaptability [2].
In CO, sequestration, Calvin Benson cycle play a major role.
Microalgae can absorb carbon dioxide from soluble carbonates,
increasing pH and reducing nutrients in wastewater effluents
[5]. They can absorb bicarbonate (HCO*) and grow without
competing with freshwater resources, reducing nutrients [6].

Microalgae biomass, rich in lipids, proteins, and polysaccharides,
has high application value in various sectors like biofuel,
biochemicals, food, and pharmaceuticals [2]. Its photosynthesis
and carbon sequestration efficiency are influenced by species
and environmental factors, making it a carbon-neutral single-
cell bio-factory. Proteins, carbohydrates, and lipids are extracted
from algal biomass for animal feed and biofuel [5]. Microalgae
can store 30-70% of their dry weight in lipids, making them

Curr Res Env Sci Eco Letters, 2024

Volume 1 | Issue 2 | 1



suitable for biodiesel production through transesterification.
Carbon sequestration offers potential for hydrogen and electricity
from fossil fuels, with power facilities in developing nations
easily building CO, sequestration technology [7]. Astaxanthin,
which is derived from Microalgae, a potent antioxidant, is used
in cosmetics, red food coloring, and as a red food coloring. It
promotes healthy fetal development, prevents cardiovascular
disease, and improves memory function [2]. Characterizing
microalgae for their CO, fixation and biomass production
efficiency within a closed system is a less expensive technique
than building a photobioreactor [8].

2. Material and Method

2.1. Collection and Observation of Mix Microalgal Culture
Mix culture sample were collected from Algal Culture lab
of Gujarat Energy Research and Management Institute,
Gandhinagar, Gujarat. Observe it into the microscope under
100x. Observe the microalgal cells and their cell structure.

2.2. Isolation of Microalgae

Agar plating technique was used to isolate the microalgae and
the plates were incubated in Seed germinator, until algal growth
was detected. The isolates were purified by streak plating and
individual colonies were diluted in BG 11 medium [9]. Observe
the pure microalgal culture into the Microscope under 100x for

2(Y —

the identification. Selected two pure cultures inoculated into the
BG 11 medium for further growth. The sub culture method was
utilized to promote growth.

2.3. Inoculation of Algae

Chlorella sp. and Oscillatoria sp. algal species were selected for
the experiment. Inoculate 30% Chlorella sp. and Oscillatoria sp.
algae culture into the BG 11 media. Take an O.D. at 750 nm for
the measuring initial growth [8]. Directly purse CO, in to the
both culture medium for 2 to 3 seconds. Measure the pH of the
medium and calculate the dissolve carbonate and bicarbonate.
Incubate it into the Seed germinator at the 37°C. Measure the
pH, O.D., calculate the dissolve carbonate and bicarbonate every
day. Titration procedure is given below:

Take a 10 ml sample and add 2 to 3 drop of phenolphthalein
indicator. With the addition of the indicator the sample color
turns in to the light pink. Titrate it with 0.01 N H,SO,. At the end
point of the titration the color pink turns in to the colorless. Note
the burette reading as a Y. Add the 2 to 3 drops of the methyl
orange in that color less solution, after that the color change from
color less to yellow and then titrate it with the 0.01 N H,SO,. The
color change from yellow to rose red. Note the burette reading
as Z. And then calculate the carbonate and bicarbonate using
formula which is given below:

B) x N.of H2S04 x 1000

Carbonate (meq/L) =

(Z-B)-

Sample in ml

2(Y - B) x N.of H2S04 x 1000

Bicarbonate (meq/L) =

For the meq/L to mg/L:
Carbonate =X X 30
Bicarbonate= X X 60

2.4. Lipid Extraction

Lipid was extracted using Bligh and Dyer method from the dried
microalgal biomass. The dried biomass mixes with Chloroform:
Methanol (1:2 v/v). After some time sonicate the sample using
Ultra sonication. After sonication centrifuge for 5 min at 3000
rpm and oven dried and measured gravimetrically [8].

2.5. Chlorophyll Extraction

2 ml of culture was taken in a centrifuge tube and centrifuged
at 5000 rpm for the duration of 10 min. The supernatant was
discarded and 2 ml of 99% methanol was added into the pellet,
mixed well and incubated for 24 hours. The following formulas
have been used to determine the total pigment.

Chlorophyll a (ug/ml) = 16.72A ., — 9.16A,, ,

Chlorophyll b (ug/ml) = 34.09A , , - _

Carotenoids = (1000A ., — 1.63Chl a -104.9Chl b) / 221

3. Results and Discussion

3.1. Identification of Microalgal Strain

Isolated and selected strains are observed into the microscope
under 100x. Chlorella sp. and Oscillatoria sp. are observed

Sample in ml

under the microscope.

3.2. CO2 Utilization and Biomass Production

In current study, Oscillatoria sp. and Chlorella sp. are growing
well during a period of five to six days. The biomass productivity
was calculated as 80 mg/L for Chlorella sp. and 200 mg/L for
Oscillatoria sp. M S Mahajan et al. demonstrated that the lag
phase of C. pyrenoids NCIM 2738 and S. platensis NCIM 5143
microalgae, with an average growth rate of zero, is characterized
by little to no growth during the first six days of cultivation [8].
Furthermore, an increase in the linear pattern was noticed in
the growth of microalgae. Maximum growth was seen on the
13th day of cultivation for these microalgae with 415 and 440
mg/L DCW in addition to 31.90 and 33.80 mg/L/day biomass
productivity of C. pyrenoids NCIM 2738 and S. platensis
NCIM 5143, respectively, as the incubation period increased.
Bojan Tumbaric et al. demonstrated that the growth curves of
C. vulgaris were measured by OD, and then calibrated against
the final DW. For the [C+] treatments, the final DW values were
0.34 £ 0.02 g L' respectively [4].
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Figure 2: Growth Curve of Chlorella Sp

3.3. Effect of PH on Growth

The study demonstrates the growth of Chlorella sp. and
Oscillatoria sp. for a period of 12 days with a pH range between
6.00 and 11.00, where as in the growth of C. pyrenoids NCIM
2738 and S. platensis NCIM 5143 for a period of 13 days
with a pH range between 5.00 and 8.00 [8]. Chenba zhu et al

demonstrated that S. platensis growth in medium with 300
mmol L™ NaHCO, and bubbled with air, with initial pH values
of 10.0, 10.5 and 11.0. Overall, the final biomass concentration
decreased with an increase in the initial pH, and a maximum
biomass concentration was achieved at an initial pH of 10.0 [10].
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Figure 3: PH and Growth of Oscillatoria Sp

Curr Res Env Sci Eco Letters, 2024

Volume 1 | Issue 2 | 3



14 4 r 03
12 4 1 - 06
10 4 - 05
= B A B 0.4-5_-
2 5 - - 03 3
4 - 02
27 i - 01
I Growth
’ 1 2 3 4 5 & 7 B % 10 11 12 ’ e
Days

Figure 4: PH and Growth of Chlorella Sp

3.4. Dissolved Carbonate and Bicarbonate

Initially, CO, reacts with water to generate carbonic acid, which
then undergoes dissociation into bicarbonate ions (HCO,-)
and hydrogen ion (H"). Subsequently, the bicarbonate ions can
further dissociate into either carbon dioxide (CO,) or carbonate
(CO,-*), contingent upon the pH level of the medium. The
concentration of dissolved carbonate and bicarbonate depends
on both the CO, concentration at the inlet and the duration of
contact. Carbon dioxide can penetrate microalgal cells through
active transport mechanism and is subsequently bio fixed.

According to this study, the concentration of carbonate ions
increased, there was a corresponding decrease in bicarbonate
ions. Conversely, a decrease in carbonate ions resulted in an
increase in bicarbonate ions. C.C. Batac et al. demonstrated that
the carbonate concentration was constant at zero [11]. At the
same time, the concentration of bicarbonate is observed at its
highest value in five minutes and then decrease; this sequence is
consistent with the reversible reaction between bicarbonate and
carbonic acid.
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3.5. Chlorophyll Pigment

The effects of carbon dioxide on the rate of photosynthesis were
investigated by measuring the changes in the photosynthetic
pigments. Nitrogen-rich chlorophyll is a substance that promotes
cell growth. The process of measuring chlorophyll content was
conducted using biomass harvested during a similar phase of
cell growth. M.S. Mahajan et al. demonstrated that the strain

NCIM 2738 contains 2.601pg/ml Chlorophyll a, 1.308ug/
ml Chlorophyll b and 0.549ug/ml Carotenoids [8]. The strain
NCIM 5143 contains 6.924pg/ml Chlorophyll a, 1.336pg/ml
Chlorophyll b and 1.768ug/ml Carotenoids. The concentration
of chlorophyll a, chlorophyll b and Carotenoids of Chlorella sp.
and Oscillatoria sp. was described in Table.

Sr. No. Species Chlorophyll a Chlorophyll b Carotenoids
(ng/ml) (ng/ml) (ng/ml)

1 Oscillatoria sp. with CO, 4.92 4.87 0.078

2 Oscillatoria sp. without CO, | 3.58 0.95 0.49

3 Chlorella sp. with CO, 7.57 4.61 2.55

4 Chlorella sp. without CO, 4.75 3.23 0.36

Table 1: Effect of CO2 Supplementation on Pigment Composition

3.6. Lipid Content

In the cost-effective production of biofuel from microalgae, both
biomass and lipid levels are crucial factors. Carbon dioxide,
a key component for photosynthesis, has been found to boost
biomass and lipid production when its concentration in the
growth medium is increased and its availability improved. Lipid
extraction was carried out using the Bligh and Dyer method with
some modification. The algal cells were disrupted prior to lipid
extraction by Ultra sonification for maximum lipid extraction.
In the present study, under CO2 supplementation Chlorella sp.
and Oscillatoria sp. had 16.25% and 8.23% of lipid content and
without CO2 supplementation, Chlorella sp. and Oscillatoria
sp. had 10.29% and 6.87% lipid content, whereas under CO2
supplementation C. pyrenoids NCIM 2738 and S. platensis
NCIM 5143 had 21.80 and 45.20 % of lipid content, respectively

[8].

4. Conclusion

The study concluded that the microalgae Oscillatoria sp. and
Chlorella sp. are robust microorganism that can tolerate high
concentration of CO2 with a range of pH 6 to 10 at temperature
37 °C while giving rise to higher biomass productivity thorough
photosynthesis. The biomass productivity was calculated as 80
mg/L for Chlorella sp. and 200 mg/L for Oscillatoria sp. The
CO2 sequestration process has the capacity to promote both
accelerated and consistent growth in microalgae, facilitating
large-scale production, contingent upon advancements in
harvesting technology. Lipids, proteins, and polysaccharides
found in microalgae biomass with high application value can
be utilized as raw materials for the biofuel, biochemical, food,
pharmaceutical, and other sectors [12-16].
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