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ARTICLE INFO ABSTRACT

Globalization demands something new and natural. Natural pigments
from microalgae could be something like that. However, it is a long way
from a Petri dish to market. However, it is going to happen. So, knowing
the pigment concentration among different species is necessary because
of its significant role in the global market. The present study is designed
to estimate the Chlorophylls, carotenoids and phycobiliproteins
(Allophycocyanin, Phycocyanin and Phycoerythrin) contents of four (4)
different indigenous marine microalgae species i.e. Chlorella sp.,
Chaetoceros sp., Nannochloropsis sp. and Tetraselmis sp. The result
showed significant differences in the concentration of pigments among
the species. However, Tetraselmis sp. produced a significantly higher
amount of chlorophyll a (2.68 pg/L + 0.04), and Chlorophyll b
(1.23+0.02 pg/L) where Chaetoceros sp. had higher chlorophyll c
(0.29+0.01 pg/L) among all the species. In the case of
carotenoids, Chlorella sp. produced the lowest carotenoids (0.56+0.02
pg/L), where the other three showed no significant difference.
Allophycocyanin and phycoerythrin were reported significantly higher
(0.0197+0.0006 pg/L) and (0.0029 + 0.0002 pg/L) in Nannochloropsis
sp. rather than other three species where no significant difference was
found in the concentrations of phycocyanin among all the species.
Whatever the amount is, these microalgae are important because of their
novel features. The study's findings will help the producer select a
definite species according to their target and needs.
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1. INTRODUCTION

Microalgae are  unicellular  microscopic
organisms containing numerous bioactive
compounds that can be commenced for various
commercial uses. In particular, marine micro-
algae can process some distinguished bio-
chemical characteristics that are not available in
higher plants (Ramussen et al., 2007).
Moreover, microalgae' play a significant role in

61

balancing the biological systems of nature and
contribute to the production of various food,
medicine, and cosmetics (Wijffels, 2008),
producing various important natural pigments.

Pigments types and compositions of microalgae
vary based on basis of the group and species
types (Dring, 1982). Green algae possess mainly
chlorophyll b, whereas red algae possess
phycoerythrin and phycocyanin and brown algae
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possess chlorophyll a, b and fucoxanthin. All the
pigments constituents have specific functions in
the physiological process of microalgae. For
example, chlorophyll helps absorb and utilize
light in photosynthesis, and carotenoids help
protect the photosynthetic apparatus from
photodamage. Broadly microalgae pigments can
be classified into three different types, which are
Chlorophylls  (water-insoluble).  Carotenoids
(water-insoluble) and Phycobilins  (water-
soluble). Chlorophylls have green pigments.
Carotenoids are yellow or orange pigments
(Kalidas and Loveson 2005). Phycobiliproteins
are allophycocyanin (bluish-green), phyco-
cyanin (blue), phycoerythrin (purple) and
phycoerythrocyanin ~ (orange) (Sekar and
Chandramohan, 2008). Various microalgae were
reported as the potential for producing pigments
(chlorophylls and carotenoids) (Hosikian et al.,
2010). These are considered photosynthetic
pigments (Britton, 1983). Chlorophyll is known
as one of the most important bioactive
compounds of microalgae. Chlorophyll a, b and
c are photosynthetic pigments that consist of
very different chemical structures and are
present in the form of porphyrin macrocycle
(Britton, 1983; Brown et al., 1991; Costache et
al., 2012). Chlorophyll helps absorb and uses
light energy to produce carbohydrates from
carbon dioxide and water. This light-harvesting
component plays a significant role in the
survival of microalgae (Humphrey, 2004).

With the change of market demand and
regulations, artificial colours are replaced by
natural colours in the food industry (Spears,
1988). The colouring of products is very
important because producers try to develop
uniform products where consumers want
attractive products (Timberlake and Henry,
1986). Chlorophyll is a very costly natural food
colouring agent used to replace artificial colours
(Spears, 1988). Commercialization of these
kinds of natural colouring agents is necessary to
cope with the world's rising demand.
Derivatives of chlorophyll are also used as
pharmaceutical products as it is reported to
accelerate wound healing activities by more
than 25% (Smith and Livingston, 1945). It is
also found that chlorophyll can prevent bacterial
growth (Carpenter, 1949). During ulcers
treatment, chlorophyll derivatives help eliminate
pain and improve the appearance of affected
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tissue (Cady and Morgan, 1948). Lanfer-
Marquez et al. (2005) reported antioxidant
properties of chlorophyll derivatives. Because of
these novel properties, chlorophyll is considered
an important pigment.

Carotenoids are one of the most valuable natural
pigments abundant in various fruits, vegetables
and algae. It functions as an accessory, light-
harvesting pigments and protects the photo-
synthetic apparatus against photo-damage (Ben-
Amotz et al., 1987). More than six hundred
types of carotenoids have been reported where
astaxanthin, p-carotene, lutein, canthaxanthin
etc. are the most common. Kauar et al. (2009)
mentioned the polyene system effects on
carotenoids and their distinctive molecular
structure and light absorbing characteristics.

In today’s world, naturally synthesized caro-
tenoids demand increases day by day, where
most commercially available carotenoids are
chemically synthesized (Jin et al., 2003). Using
of carotenoids is expanding in various food
industries because of their different pro-vitamin
activity. In addition, PB-carotene shows anti-
oxidant and anticancer properties (Becker,
2004). Without that, B-carotene is also used in
animal feed as a retinol source, human food as a
food colouring agent, and cosmetics as additives
(Johnson and Schroeder, 1995; Edge et al.,
1997). Besides, carotenoids are used as pigment
sources for salmon and trout.

Phycobiliproteins are photosynthetic coloured
proteins with different functions in the plant
physiological system. It consists of 50% of
cyanobacteria's total protein and great nitrogen
reserve source (Kauar et al., 2009). The
chromophore's presence in different microalgae
phycobiliproteins is classified into four groups
(Gantt, 1980; Rowan, 1989; Ducret et al., 1998).
These are Phycocyanin (PC), Phycoerythrin
(PE), Phycoerythrocyanin (PEC) and Allo-
phycocyanin (APC).

Phycobiliprotein is also greatly importantas a
natural pigment considering today's commercial
need. Primarily its use was reported as natural
colour but so many studies show these proteins
have shown great potential in the pharma-
ceutical sector. These have significant anti-
inflammatory, antioxidant, hepatoprotective and
free radical scavenging properties that can be



Islam et al.

easily isolated and safely be used in cosmetics
and food colouring (Henrikson, 1989; Romay et
al., 2000). Phycocyanin, an important protein
mainly used as food items like as colourant in
chewing gums, candies, soft drinks, dairy
products and cosmetics like lipstick and
eyeliners (Santiago-Santos et al., 2004) and is
also used as a dye in the pharmaceutical and
cosmetic industry (Batista et al., 2006). Pure
phycobiliproteins are also used as fluorescent
labelling (Telfer, 2001).

The algae based economy spreads across 23
European countries and covers different
environments and production methods (Rita et
al., 2021). Bangladesh is a densely populated
country and has a potential industrial sector.
Introducing microalgae-based natural pigments
in the food, pharmaceuticals, and cosmetics
industry is timely demand to produce the best
guality products. To correctly confirm the
proper use of microalgae pigments, it is
essential to determine the types and amount of
pigments present in various microalgae.
However, there is no data available in the
context of indigenous microalgae  of
Bangladesh. Hence, this study was aimed to
extract and choose the amount of chlorophylls,
carotenoids and phycobiliproteins presence in
four selected indigenous microalgae species
(Chlorella sp., Chaetoceros sp.,
Nannochloropsis sp., and Tetraselmis sp.)
isolated from different coastal aqua farms of
Cox's Bazar coast.

2. MATERIALS AND METHODS
Collection of microalgae sample for isolation

Coastal aquafarms are known as a good source
of marine microalgae. Therefore two different
aquafarms of Cox's Bazar coast were selected as
microalgae sampling stations. These are Irawan
Softshell Crab Farm, Chowfaldandi, Cox's
Bazar, Bangladesh (21°51'23.74" N,
92°01'25.28" E) and Beximco Shrimp Farm,
Khurushkul, Cox's Bazar, Bangladesh
(21°45'29.21" N, 91°97'15.73" E). Three-four
liter water samples were collected using a Van
Dorn water sampler (Wildlife Supply Company,
Saginaw, Michigan) and filtered by using a 100
pm mesh-sized plankton net. Then the filtered
sample was preserved at refrigerated conditions
before transfer into the laboratory. Without that,
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physical and chemical parameters (temperature
(°C), salinity (ppt), dissolved oxygen (DO),
conductivity, and pH) of the sampling station
were monitored by using a multi-parameter kit
(YSI meter 556 MPS, US) to maintain a perfect
laboratory condition.

Isolation of pure microalgae stock

Initially, the collected samples were normalized
and cultivated using Conway media (Tompkin
et al., 1995). Then pure cultures were isolated
by performing serial dilutions and using
micropipette on a micromanipulator with the
help of a microscope. Pure species were
identified on the basis of their morphological
characteristics through observing under the light
microscope (Al-Kandari et al., 2009). Then the
culture was maintained in a test tube using
Conway media. Finally, the pure algal cultures
were transferred in 250 mL Erlenmeyer conical
flasks. The culture was maintained with a
constant temperature range between 25+2°C at
24 hours at 150 pE m™ s? light intensity by
using fluorescent light with continuous aeration
with using a natural sterile air pump (Duong et
al., 2012; Salama et al., 2013).

Culture of microalgae

Each species was cultured separately (3 cultures
for each species) for pigments extraction and
determination. Initially, the inoculation was the
same in every culture, approximately 3%. The
culture was maintained in Conway culture
medium at 25+ 2°C temperature, maintaining 24
hours of continuous light at 150 p E m? s*
intensity (Duong et al., 2012; Salama et al.,
2013). Every species was harvested at their
stationary phase for pigments analysis.

Determination of growth kinetics

Growth curve experiments were done based on
cell density and biomass to determine their
growth pattern and kinetics.

Daily growth kinetics was acquired by using a
hemocytometer, and the following parameters
were calculated for each strain, according to
Guillard et al. (1973)

Growth rate () = (LnN; - LnNo) / (t-to)

No and Ny represent the number of cells at time
tp and t, respectively.
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Determination of natural pigments

Standard laboratory methods were followed to
determine the natural pigments. For chlorophyll
determination  trichromatic  approach  was
followed. Initially, 10 mL of each sample were
filtered (47 mm @ Whatman® GF/C glass
microfiber filter papers) for extraction of
microalgae. Then the filter papers were stored in
freezing conditions using airtight plastic bags
for three weeks. After three weeks, each filter
paper was placed in a centrifuge tube with 2-
3ml 90% aqueous solution (Mixing of 90 parts
of Acetone with ten parts of MgCO; Solution)
and macerated at 500 rpm for 1 minute. Then
the volume was adjusted up to 10 mL using 90%
aqueous acetone solution. Then the samples
were steeped for 2 hours at 4°C temperatures.
Then the samples were centrifuged for 20
minutes at 500g, and the clear supernatant was
transferred into new tubes. Finally, chlorophyll
a, b, ¢ was determined according to Aminot et
al. (2001).

According to Shaish et al. (1992), carotenoid
was determined. For phycobiliproteins deter-
mination cultures were harvested at their
stationary phase through centrifuging. The cell
pellets were washed 2-3 times with distilled
water. The harvested biomass was dried in a hot
air oven at 40 °C for 12 hours. Dried powder
(40 mg) was then soaked in 10 ml phosphate
buffer (pH 7.0; 0.1 M), vortexes and stored at
4°C for 24 h. Phycobiliproteins were extracted
by centrifuging at 6000 rpm for 10 minutes.
Finally, the supernatant was collected. Finally,
the amount of phycocyanin (PC), phycoerythrin
(PE) and allophycocyanin (APC) in the sample
were calculated using equations and the
extinction coefficients from Siegelman and
Kycia (1978).
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Statistical analysis

MS Excel was used to measure the mean
and standard deviation of the mean of the
data. IBM SPSS (v.26.0) was used for the
post hoc test. A post hoc test was done when
the ANOVA tested the significant
difference in the concentrations of pigments
among the microalgae species.

3. RESULTS
Isolation and identification of microalgae

All the collected samples were cultured in
laboratory conditions following the standard
method. Then the sample was processed to
isolate single species. A total of 4 species were
successfully isolated from the sampling water,
where more than ten species were identified.
Finally, the following four isolated species were
mass cultured for natural pigments extraction
and determination. Table 1 shows the list of
isolated species and their source of collection.

Water quality parameters of conway media

The physical characteristics of media water are
shown in Table 2. The data were recorded
before and after autoclave. For physical
properties, there was a slight change before and
after autoclave, where pH (7.85) and dissolved
oxygen (4.83 mg/L) slightly decreased to 7.72
and 4.53 mg/L, respectively. On the other hand,
temperature (24.6 °C) and salinity (29.3 ppt)
slightly increase to 25.2 °C and 30.1 ppt.
Overall, there is no significant difference (p >
0.05) for all physical properties before and after
autoclave.

Table 1. Name of the isolated species with their sources

SI. No. Species

Source

01 Chlorella sp.

Irawan Softshell Crab Farm, Chowfaldandi, Cox's Bazar, Bangladesh

02 Chaetoceros sp.

Beximco Shrimp Farm, Khurushkul, Cox's Bazar, Bangladesh

03 ;\Ipannochloropms

Beximco Shrimp Farm, Khurushkul, Cox's Bazar, Bangladesh

04 Tetraselmis sp.

Beximco Shrimp Farm, Khurushkul, Cox's Bazar, Bangladesh

*All those species were isolated through continuous serial dilution and microscopic observation
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Table 2. Physical properties of media water before and after autoclave

Physical Properties

Before Autoclave

After Autoclave

pH 7.85+0.12 7.72+0.17
Temperature (°C) 24.6 +0.63 25.2+0.70
DO (ppm) 4.83 +0.68 453 +0.53
Salinity (ppt) 29.3+0.38 30.1+£0.11
*Values are mean + standard deviation (Where n=3)
Table 3. Growth kinetics of the Microalgae Cultured in Conway Media
Growth Pattern (Days) Growth
Species Lag Exponential ~ Stationary Death rate
Phase Phase phase Phase (1 day™)
Chlorella sp. 2 3-6 8 9 0.38"
Chaetoceros sp. 2 3-6 8 9 0.35°
Nannochloropsis sp. 2 3-7 10 11 0.25°
Tetraselmis sp. 2 3-6 7 8 0.60°

*Cell density and optical density were measured to determine the growth pattern

Growth kinetics

Growth pattern and growth Kinetics data are
shown in Table 3. All the species showed more
or less similar growth patterns during their lag
phase and exponential phase. However, in the
stationary phase, Tetraselmis sp. reached its
stationary at day eight, where Chlorella sp.,
Chaetoceros sp. reached at day nine and
Naannochloropsis sp. at day 11. In the case of
growth rate, significant differences were found
among all the species.

Pigments concentrations
Chlorella sp.

Figure 1 shows the concentrations of the
pigments in Chlorella sp. Chlorella sp.
produced highest amount of carotenoids
(0.56+0.02 pg/L) among all the pigments. In
case of chlorophyll; Chlorella sp. produced
highest amount of chlorophyll a (0.48 + 0.05
pg/L) than chlorophyll b (0.19+0.05 pg/L) and
Chlorophyll ¢ (0.06+£0.01 pg/L). In case of
phycobiliproteins; allophycocyanin (0.0103 +
0.0005 pg/L) production was higher than
phycoerythrin  (0.0023+0.05 pg /L) and
phycocyanin (0.0025+0.0005 ug /L).

Chaetoceros sp.

Figure 2 shows the concentrations of the
pigmentsin Chaetoceros sp. It has shown
that Chaetoceros sp. produced the highest
carotenoids (1.36+0.2 ug/L) among all the
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pigments. . In case of chlorophyll; Chaetoceros
sp. produced highest amount of chlorophyll a
(1.3£0.09 pg/L) than chlorophyll b (0.039+0.02
pg/L) and Chlorophyll ¢ (0.29£0.01 pg/L). In
case of phycobiliproteins; allophyco-cyanin
(0.0100 + 0.0006 pg/L) production was higher
than phycoerythrin (0.0019+£0.0002 pg/L) and
phycocyanin (0.0017+£0.0005 ug/L).

Nannochloropsis sp.

Figure 3 shows the concentrations of the
pigments in Nannochloropsis sp. Nanno-
chloropsis sp. produced the highest carotenoids
(1.68 = 0.3 pg/L) among all the pigments. In
case of chlorophyll; Nanno-chloropsis sp.
produced highest amount of chlorophyll a
(0.48+0.04  pg/L) than  chlorophyll b
(0.046+0.003 pg/L) and Chlorophyll ¢ (0.01+0.0
pMg/L).  In case of  phycobiliproteins;
allophycocyanin  (0.0197 + 0.0006 pg/L)
production was higher than phycoerythrin
(0.0029+0.0002 pg/L) and phycocyanin (0.0027
+ 0.0006 pg/L).

Tetraselmis sp.

Figure 3 shows the concentrations of the
pigments in Tetraselmissp.  Tetraselmis sp.
produced the highest Chlorophyll a (2.68 + 0.04
pug/L) among all the pigments. In addition
Tetraselmis sp. produced 1.23 + 0.02 pg/L of
chlorophyll b, 0.10 + 0.01 pg/L Chlorophyll ¢
and 1.51 £ 0.05 pg/L of carotenoids. In case of
phycobiliproteins; allophycocyanin (0.0113 +
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0.0004 pg/L) production was higher than difference (p> 0.05) was found among Chlorella
phycoerythrin and (0.0018 + 0.0001 pg/L)  sp., Chaetoceros sp., and Tetraselmis sp.

phycocyanin (0.0018+0.0004 pg/L). However, Nannochloropsis sp. produced the

Total phycobiliprotein highest (0.0253+0.002 pg/L) of phycobili-

- . . roteins among the species.
Total phycobiliprotein concentrations of each P g P

species are shown in Figure 5. No significant
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Figure 1. Pigments concentrations of Chlorella sp. in Conway culture media. Values are mean +
standard deviation (n=3)
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Figure 2. Pigments concentrations of Chaetoceros sp. in Conway culture media. Values are mean +
standard deviation (n=3)
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Figure 3. Pigments concentrations of Nannochloropsis sp. in Conway culture media. Values are mean
+ standard deviation (n=3)
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Figure 4. Pigments concentrations of Tetraselmis sp. in Conway culture media. Values are mean +
standard deviation (n=3)
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Figure 5. Total Phycobiliprotein production of microalgae in Conway culture media. Values are mean
+ standard deviation (n=3)
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4. DISCUSSION

All the isolated four (4) species (Chlorella sp.,
Chaetoceros sp., Nannochloropsis sp., and
Tetraselmis sp.) are commercially important.
However, the only use (as live feed) of these
species is reported in different shrimp hatcheries
of Bangladesh. Although the species are being
used in so many ways (as food, feed,
nutraceuticals, and pharmaceuticals) worldwide,
no precise use has been recorded in aspects
Bangladesh. Moreover, there is no precise data
is available of commercially important indi-
genous microalgae species of Bangladesh. So,
this study was designed to initialize a profile of
available  natural  pigments of  these
commercially important indigenous species. In-
situ culture of microalgae is mandatory to
maintain pure culture and analysis. That is why
maintaining a proper culture condition is
necessary. According to Food and Agriculture
Organization (FAO), the ranges of physical
parameters for culturing microalgae are as
follows; temperature (16-27 "C), salinity (12-40
ppt), and pH (7-9). All the physical parameters
of the cultured media were within the range.
Different types of microalgae can tolerate
temperature fluctuation up to 15 °C lesser than
their optimum, where growth may be reduced,
but a temperature of only a few degrees higher
than optimum can cause cell death (Mata et al.,
2010). However, according to Laven and
Sorgeloss (1996), all the parameters were within
the range during the experimental period.

The growth phase of microalgae consists of five
growth phases: the lag phase, exponential phase,
phase of declining relative growth, stationary
phase, and death phase (Lavens and Sorgeloos,
1996). All the experimental microalgae species
showed distinct growth phases (lag, growth,
stationary, and death). Environmentally viable
microalgae also need a definite period to
physiologically adjust and adapt to a new
environment (Barsanti and Gualtieri, 2006).
Understanding the growth kinetics is essential to
utilize the microalgae for the perfect use. All the
cultures were harvested at their stationary phase
for pigments analysis in this experiment.

Figure 1-4 shows the pigments concentrations in
different microalgae. It has been observed that
chlorophyll and carotenoids are the major
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constituents of pigments considering the
phycobiliproteins. These are known as
photosynthetic pigments, which are essential in
photosynthesis (Britton, 1983).

Chlorella sp., Chaetoceros sp., Nannochloropsis
sp., and Tetraselmis sp. all the species produced
definite  pigments, whereas Chaetoceros sp.
and Teraselmis sp. produced higher than the
other two species. Chlorophyll a and carotenoids
are found the most produced pigments
considering all others. Lavin (2000) reported
chlorophyll a as the primary pigments, where
the others functioned as accessory pigments.
Whatever the production is, concentrations of
specific pigments vary among the species. In the
case of chlorophylls, all the cultures were
harvested at their stationary phase. Grung et al.
(1992) show that chlorophyll-a concentration is
the same in all algae groups, but different results
were observed in the present study.
Tetraselmis sp. showed a higher amount of
Chlorophyll a and b than the other three species,
whereas Chaetoceros sp. produced the highest
amount of chlorophyll ¢ than the other three.
According to Danesi et al. (2011), higher
chlorophyll concentration resulted in high cell
concentration, but, considering chlorophyll c,
the opposite pattern had observed. Chlorophyll a
is higher considering each species chlorophyll
concentrations since chlorophyll a is the main
pigment where chlorophyll b and c are
accessories pigments may or may not be related
with chlorophyll a (Lavin, 2000). The
photosynthetic rates of living organisms were
significantly affected by the alteration of light
intensity and the light regime, which
consecutively influenced its growth (Pandey et
al., 2010). Increased availability of light also
may cause a decrease in the content of
chlorophyll a and carotenoids (Alves de Oliveira
et al., 2014). The variations in the amounts of
culture nutrients also affect chlorophyll
concentrations without other factors that can
influence chlorophyll contents of microalgae,
such as light, temperature, water quality, and
cell extraction method. Finally, solvent for
extraction is important because it directly affects
chlorophyll concentrations and varies based on
the solvent (Wellburn, 1994).

Carotenoids are usually determined from the
dried biomass of microalgae. Biomass is
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generally harvested when the growth condition
is optimum. Velichkova (2014) described that
biomass content directly affects carotenoids
biosynthesis. In this study, Nannochloropsis sp.
produced the highest carotenoids (1.68pg/mL +
0.3) among four species. Melina et al. (2016)
found that Tetraselmis sp. produced 2.6 pg/mL
of carotenoids, almost double than our findings.
Sirakov and Vekichkova (2014) found that
Nannochloropsis maculate produced 0.836
pg/mL of carotenoids using a different culture
medium. That indicates carotenoid production
varies based on the culture medium. In addition,
carotenoid concentration varies in various
environmental parameters, chlorophyll
concentrations, the solvent used for extraction,
and species (Techetel and Ruppel, 1992; Rise et
al., 1994; Sartory and Grobbbelaar, 1984).
However, the extraction method and solvent
used for extraction according to the species
would ensure the proper result.

Many studies have been done on microalgae
considering their multidisciplinary functions,
especially  for  their  organic  biomass.
Phycobiliproteins have unique light-absorbing
properties. Parmar et al. (2011) reported that
different dried biomasses of algae are ground
and milled to produce commercial pigments and
nutraceuticals. As mentioned earlier,
phycobiliproteins are allophycocyanin (bluish-
green), phycocyanin (blue), phycoerythrin
(purple) and phycoerythrocyanin  (orange)
(Sekar and Chandramohan 2008). In this
experiment, Nannochloropsis sp.  showed
maximum production of pigments in all cases,
whereas other species showed different natures
in different cases. The result showed that
phycobiliproteins production varies among
species. The most abundant pigment was
allophycocyanin compared to phycocyanin and
phycoerythrin. Phycobiliproteins concentration
varies because levels of pigments tend to be
reduced in high light exposure to prevent photo-
oxidation damage caused by the production of
free radicals. Lee (2008) stated that
phycobiliprotein production varies in species in
light regime due to chromatic adaptation. Chen
et al. (2013) narrated that microalgae cell
growth and pigment production are affected due
to environmental change. It is reported that
phycobiliproteins production was higher when
the light availability was low (Alves de Oliveira,
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2014). The phycoerythrin has been found to
occur in small concentrations due to its high
dependence on pH, regardless of the
contribution of light (Cuellar-Bermudez et al.,
2014). Phycocyanin production also tends to
lower, probably due to artificial lighting
(Reichert et al., 2006).

The study results have developed a complete
quantitative profile of pigments of four
indigenous microalgae of Bangladesh. With
modernizations, natural pigments are replacing
the synthetics product in the global market. As it
is essential to select proper microalgae for target
pigment production, the results of the study will
help the producers select proper microalgae to
accomplish their target pigments productions.

5. CONCLUSION

Finally, it can be said that the microalgae-based
industry could be good business for our country,
considering its pigments profile. Besides,
microalgae also have some other importance in
aspects of their food and feed value in the global
platform. Whatever it is, skilled manpower and
indigenous adaptation techniques are the pre-
requisite to initialize this considerable industry
in any new environment. For that reason,
indigenous microalgae are best suited because
of their environmental adaptability. The findings
of this study will help to understand the growth
behaviour and pigments profile of the selected
four important commercial microalgae in
aspects of Bangladesh. So far, Proper
optimization of culture, expansion, extraction,
and utilization is a timely demand to introduce
this vast feasible industry in our country.
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