- Article - Advances in Polar Science

doi: 10.12429/j.advps.2023.0028 December 2023 Vol. 34 No. 4: 340-351

Chlorella across latitudes: investigating biochemical
composition and antioxidant activities for biotechnological
applications

Chloe Zi-En WONG', Ming-Li TEOH'*", Sook Wah CHAN'", Nallammai
SINGARAM'"?, Wendy Ming-Yen TEOH" & John BEARDALL’

!'School of Biosciences, Faculty of Health and Medical Sciences, Taylor’s University, Subang Jaya 47500, Malaysia;

% Clean Technology Impact Lab, Taylor’s University, Subang Jaya 47500, Malaysia;

3 Food Security & Nutrition Impact Lab, Taylor’s University, Subang Jaya 47500, Malaysia;

* Institute of Technology Management and Entrepreneurship, Universiti Teknikal Malaysia Melaka (UTeM), Durian
Tunggal 76100, Malaysia;

5 School of Biological Sciences, Monash University, Clayton VIC 3800, Australia

Received 4 November 2023; accepted 22 December 2023; published online 30 December 2023

Abstract With the present day rise of interest in acquiring sustainability in the pharmaceutical industry, there has been an
emphasis on finding natural resources to replace the use of synthetic compounds used in products. Microalgae have garnered
significant attention owing to their natural and sustainable capability to produce a diverse array of bioactive compounds.
Therefore, this study aims to evaluate the biochemical composition and antioxidant properties of Chlorella strains from a tropical
region (Chlorella UMACC 051 and Chlorella UMACC 038) and a polar region (Chlorella UMACC 250 and Chlorella UMACC
234). The cultures were grown for 10 d. At the end of the experiment, the specific growth rate, chlorophyll-a content, carotenoid
content, biomass, and biochemical composition such as carbohydrate, protein and lipid content were determined. In addition, the
phytochemical properties were determined using a total phenolic assay while the antioxidant activities were determined using
2,2-diphenyl-1-picrylhydrazyl (DPPH). Of all Chlorella strains tested, the tropical Chlorella UMACC 051 showed the fastest
growth rate and biomass while the polar Chlorella UMACC 234 contained the highest pigment content and tropical Chlorella
UMACC 038 has the highest total phenolic content. The biochemical composition analysis showed all strains have a high lipid
content ranging from 45.36% to 60.30% dry weight. All Chlorella strains exhibited a small amount of antioxidant activity
(15.42% to 30.15%) and total phenolic content ranging from 1.91 = 0.04 to 4.43 + 0.10 mg GAE-g"' dry weight. The results
indicated that polar Chlorella UMACC 234 has the most potential in containing significant amounts of bioactive compounds.
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1 Introduction materials in their product and the pharmaceutical industry is
not immune to this as many compounds used in the
commercially available products are a mix of synthetic and
non-synthetic chemicals (Newman et al., 2003). Nowadays,
with the rise of interest in acquiring sustainability in the
pharmaceutical industry, there has been an emphasis on

In the current era, many companies utilize synthetic
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finding natural resources to replace the use of synthetic
compounds used in the products (Milanesi et al., 2020).
Some of the many synthetic compounds are antioxidants
and despite being useful in preventing oxidation reactions in
several products such as food, it has been reported that
synthetic antioxidants can be carcinogenic and can bring
about toxic effects (Milanesi, et al., 2020; Coulombier et al.,
2021). Other synthetic medications for different symptoms
such as inflammation have also been the subject of
speculation regarding their potential to cause adverse side
effects. Such concerns have increased the popularity of
herbal medicines (Beg et al., 2011). Hence, there has been a
need to find natural bioactive compounds as alternatives to
these synthetic compounds to combat the risk of serious
side effects as well as to provide a more sustainable
resource, and microalgae can potentially be one of these
sources.

Microalgae are unicellular photosynthetic microorganisms
that are diverse and capable of thriving in many different
environments around the globe. These microorganisms
mainly live in aquatic environments whether it be marine or
freshwaters (Garcia et al., 2017). Microalgae can efficiently
produce biomass and a wide range of organic compounds
through the utilization of solar energy and carbon dioxide
which allows them to play a crucial role as the main
primary producers of aquatic biological ecosystem (Kiuru et
al., 2014). Due to their rapid growth rate and turnover rate,
it has been said that microalgae contribute approximately
half of the global primary productivity (Gao et al., 2012).
With its many properties, microalgae have gathered much
attention in the research field.

Microalgae can thrive in many different environments
and are even found in extreme parts of the world such as
polar or tropical climates. Polar microalgae are one of the
many organisms that are found in harsh Arctic environments.
These microalgae have evolved several strategies used to
cope with the harsh environment and in many cases, this
has resulted in the production of an array of bioactive
compounds that can be harvested for their potential benefits
(Montuori et al., 2023). Polar microalgae have been
speculated to be capable of handling cold climates by
producing more polyunsaturated fatty acids (PUFAs) (Teoh
et al., 2013). PUFAs are not only important for microalgal
function but different types, such as linolenic acid, can be
used as an essential nutrient in the human diet (Whelan and
Fritsche, 2013).

Tropical microalgae are one of the many
microorganisms that make up the vast biodiversity of
tropical regions. One of the research interests on tropical
microalgae is its potential to cultivate microalgal fatty acids
(FAs) that can be used as a basis for renewable biodiesel
(Aratboni et al., 2019; Correa et al., 2020). For instance, in
a study done on tropical microalgae, it was identified that
Chaetoceros muelleri isolated from Kota Kinabalu, Sabah
had a moderately high lipid productivity (42.90 mg-L™"-d™"),
highest lipid content (39% dry weight (DW)), high level of

monounsaturated fatty acids (MUFAs) and C14-C18 FAs
(81.47%), and highest oleic acid proportion (28.38%) which
was concluded to be a favorable source for biodiesel
production (Andrew et al., 2022).

Chlorella sp. is one of the most well-studied
microalgal genera in the world (Bock et al., 2011).
Chlorella sp. can be found in many regions of the world and
are a very adaptive type of microalgae that can withstand an
array of different stresses. For instance, in a study on
Chlorella pyrenoidosa, the microalgae were subjected to a
temperature of 40 ‘C during heterotrophic cultivation and
were seen to be capable of reaching a maximum specific
growth rate of 1.45d™" (Dai et al., 2022). In another study,
Chlorella sp. was exposed to high levels of free ammonia in
wastewater to evaluate its response to a sudden change in its
environment. Initially, the free ammonia caused damage to
the microalgae’s DNA which stunted the cell growth, and
inhibited processes like photosynthesis and nutrient uptake
but over time, the microalgae were able to acclimate to the
situation by repairing the damaged DNA (Chen et al., 2022).
These examples highlight the profound ability of Chlorella
sp. to adapt to certain stresses and may be useful in different
industries.

Microalgae are often used as a food source in their
ecosystems for many different organisms and have been
used by humans for hundreds of years as a form of food
source or nutritional supplement. Currently, Chlorella and
Spirulina are commonly found in health foods and have
been marketed as one of the most nutritious foods in the
market (Garcia et al., 2017). In most cases, the biochemical
composition of microalgae consists of 40%—-60% proteins,
20%—-30% carbohydrates, and 10%-20% lipids (Singh et al.,
2011). The study of Niccolai et al. (2019) examined the
different biochemical composition of 12 microalgae, and it
was highlighted that cyanobacteria and the Chlorella
species had the most protein content but the least lipid
content. The study also noted a difference between the fresh
and marine microalgae in terms of their fatty acids
compositions with marine microalgae having a higher
concentration of PUFAs (Niccolai et al., 2019). The diverse
biochemical compositions of microalgae create value as it
showcases the potential usages of microalgae in different
industries.

The potential health benefits of microalgae have been
evaluated in several past studies and antioxidant activity is
one of the most well-known characteristics of microalgae in
this respect (Yu et al., 2022). The type of antioxidant
molecule that can be found in microalgae are ascorbic acid,
glutathione, tocopherols, phenolic compounds carotenoids,
mycosporine-like amino acids, polysaccharides and
phycobiliproteins (Coulombier et al., 2021). With the vast
diversity of microalgae around the world, research is still
ongoing to identify the antioxidant molecules and some of
the past research results for antioxidant activities and total
phenolic content (TPC) are presented in Table 1. For
instance, studies on 19 Nordic microalgae and five
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Table 1 The antioxidant activity and total phenolic content of microalgae found in different studies

Microalgae

Antioxidant activity/(%)

Total phenolic content

(mg GAE-g"' DW) References

Desmodesmus sp. 29.11+£0.01 7.72 +0.08
Dunaniella salina 26.95+0.10 4.52+0.05
Nanochloropsis limnetica 35.17+0.08 5.78 +0.12
Phaeodactylum tricornutum 28.35+£0.07 3.16 +0.04 Safafar et al., 2015
Nannochloropsis salina 30.32+0.02 6.45+0.25
Chlorella sorokiniana (CS-1) 34.09 +0.08 5.86 £0.06
Chlorella sorokiniana (CS-2) 28.06 + 0.04 5.76 £0.12
Tetraselmis chuii 71.36 0.466
Widowati et al., 2017
Isochrysis galbana clone Tahiti 53.77 0.678
Chlorella sp. E53 68.18 355
Chlorella sp. ED53 58.98 29.1 Choochote et al., 2014
Chlorococcum sp. C53 54.89 23.6

indigenous Malaysian microalgae concluded that all the
microalgae were able to exhibit antioxidant properties by
containing significant amounts of carotenoids, phenolic
compounds, and flavonoids (Tiong et al., 2020; Ledn-Vaz et
al., 2023).

One of the many physiological benefits of microalgae
antioxidant compounds is their ability to act as an
anti-inflammatory agent (Teoh et al., 2023). Studies have
shown that there are correlations between oxidative stress
and inflammatory disease (Choo et al., 2020). In a study in
Japan, a novel Mucidosphaerium sp. from a Beppu hot
spring was concluded to have anti-inflammatory affects due
to its antioxidant properties and can be a potential treatment
candidate for skin and joint inflammatory disorders (Miyata
et al., 2021). With a growing amount of oxidative stress
related diseases, finding new sources for antioxidant
compounds should still be relevant and conducted.

Therefore, the aim of this study is to evaluate the
biochemical composition, phytochemical content, and
antioxidant activities of two tropical Chlorella strains
(Chlorella UMACC 051, and Chlorella UMACC 038) and

two polar Chlorella strains (Chlorella UMACC 250 and
Chlorella UMACC 234). The carbohydrate, protein, lipid,
antioxidant contents and TPC were determined for each
strain. By investigating the intricate biochemical and
physiological attributes of microalgae, this study endeavors
to uncover novel insights that could have significant
implications  for  their  application in  various
biotechnological sectors.

2 Materials and methods

2.1 Algal culture

In this study, four microalgae consisting of two
tropical Chlorella strains and two polar Chlorella strains
were used for the experiments. The origin of each
microalgal strain is listed in Table 2. Chlorella UMACC
051 and Chlorella UMACC 038 are tropical strains while
Chlorella UMACC 250 and Chlorella UMACC 234 are
polar strains. All strains were obtained from University of
Malaya Algae Culture Collection (UMACC).

Table 2 Origin of the microalgae strains that were used in this study. All strains are available from the University of Malaya Algae

Culture Collection

Origin Microalgae Source
Chiorella UMACC 051 Aerobic pond for palm oil mill effluent (POME) treatment, Tennamaran Palm Oil Mill, Batang
Tropical Berjuntai, Selangor
Chlorella UMACC 038 Fish tank (Tilapin), IPSP farm, University of Malaya
Chlorella UMACC 250 Marion Island, Sub-Antarctica
Polar
Chlorella UMACC 234 Beal Island, Antarctic

The standard growth parameters used for growing and
maintaining the microalgae were according to Teoh et al.
(2004). The microalgal cultures were grown under
controlled environmental conditions in growth chambers
(Protech Growth Chamber, Tech Lab Scientific Sdn. Bhd.)

set to simulate the environment of the origin of each
microalgal strain. The tropical strains were kept under 28 ‘C
while the polar strains were kept under 4 ‘C. All the
microalgal cultures were grown under cool white,
fluorescent lamps (42 umol-m s ") that followed a 12 : 12 h
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light-dark cycle. The cultures were grown in Bold’s Basal
Medium (Nichols and Bold, 1965).

2.2 Experimental design

Chlorella strains (750 mL) were grown in 1 L conical
flasks with Bold’s Basal Medium for 10 d with a starting
OD75y reading of 0.2. The tropical strains (Chlorella
UMACC 051 and Chlorella UMACC 038) were grown at
28 ‘C while the polar strains (Chlorella UMACC 250 and
Chlorella UMACC 234) were grown at 4 ‘C. Throughout
the experiment, the growth, chlorophyll-a (chl-a) and
carotenoids were measured every 2 d. On day 10 during the
stationary phase, the samples required for the biochemical
composition determination were collected and kept in the
freezer for future analysis. The remaining cultures were
harvested by centrifugation, washed twice with
phosphate-buffered saline and dried by freeze drying.
Freeze-dried biomass samples were stored at —20 “C before
being used for DPPH and TPC assays.

2.3 Determination of specific growth rate, chl-a
and carotenoid content

Every 2 d, OD;s, was measured and the specific
growth rate (1) of each strain was calculated using the
following formula (Guillard, 1973):

1 (d) = (InN; — InN)/(1, — 1), (1)
where,
N, = ODy5 at t;
N] = OD750 at 7
t,and ¢ are the times within the exponential phase, u is the
specific growth rate in unit d .

Using the spectrophotometric method of Strickland
and Parsons (1968), chl-a and carotenoid content were
determined after extraction in acetone from samples filtered
using 47 mm diameter glass-fibre filters. The concentration
of chl-a and carotenoid content were calculated using the
equations below (Anuwar et al., 2020). The results were
presented as mg-g ' dried weight.

C x Volume of acetone (mL)

Chl-a (mg'm ) = 2
(mgrm ) Volume of culture (L) @
Carotenoid (ug- mL ") =
OD,s, x Volume of acetone (mL)x3.86 3)

Volume of culture (mL)

where,
C=11.6 (OD565) —-1.13 % (OD545) —0.14 x (OD530).

2.4 Dry weight determination

Before day 10, blank microfiber filters (Whatman
CF/C, 47 mm) were dried at 100 ‘C overnight using a
drying oven. On day 10, a known volume of microalgae
culture was collected and filtered onto the pre-weighed
filter paper. The filtered sample was then placed into the
drying oven overnight at 100 C. After weighing the dried

samples, their dry weight (DW) can be calculated using the
following formula (Teoh et al., 2013):

DW (mg'L™") =

Weight of filter paper with algae (mg) — weight of dry filter paper (mg)

Volume of culture (L)
“)

2.5 Biochemical analysis

The carbohydrate contents were determined from
samples extracted in 2 mol-L™' HCI using the phenol-
sulphuric acid method (Kochert et al., 1978). The protein
contents were determined using the dye-binding method
after extraction in 0.5 mol-L™' NaOH (Bradford, 1976). The
lipid content was extracted in methanol-chloroform (volume
ratio is 2 © 1) and quantified using gravimetry (Bligh and
Dyer, 1959).

2.6 Microalgae extraction

Freeze dried biomass was mixed with methanol
followed by cell lysis using a probe sonicator (5 s on, 10 s
pulse, 40% amplitude, for 2 min). The samples were then
centrifuged at 4000 rpm for 10 minutes at a temperature of
4 °C and the supernatant was collected as the microalgae
extracts (Andriopoulos et al., 2022). Subsequently, the
extract was used for the DPPH and TPC assays.

2.7 DPPH scavenging activity

Antioxidant activity of microalgae was tested using the
DPPH radical scavenging assay of Venkatesan et al. (2016).
A sample (0.1 mL) of microalgae extracts along with 3.9 mL
of DPPH solution were mixed together and then were
incubated in the dark for 30 min. The absorbance was read at
517 nm using an Epoch microplate reader. Ascorbic acid was
used as the standard and DPPH scavenging activity (%) was
then calculated using the formula stated below.
DPPH scavenging activity (%) =
Absorbance of blank — Absorbance of treated sample

Absorbance of blank
where DPPH mixed with methanol is used as blank.

%100, (5)

2.8 Total phenolic content

TPC of the microalgae was performed using methods
described by Chan et al. (2009) with slight alterations. A
total of 1 mL of microalgae extracts along with 1 mL of
Folin-Ciocalteu (FC) solution were placed in aluminum-
wrapped tubes and mixed thoroughly for 10 s using a vortex
mixer before incubating in the dark for 3 min. Once the
incubation was done, 800 pL of Na,CO;(7.5%) was added,
vortexed for 10 s and incubated in the dark for 2 h. The
absorbance was read at 765 nm using an Epoch microplate
reader (Biotek, USA). Gallic acid was used as the standard
and the results were then expressed as mg gallic acid
equivalent (GAE) per g of biomass DW (mg GAE-g ' DW).
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3 Results

3.1 Growth rate, pigment content and biomass of
Chlorella strains

All four Chlorella strains were harvested on day 10 and
the specific growth rate (Figure 1), pigment composition
(Figures 2, 3) and biomass (Figure 4) were determined. For
tropical strains, the highest specific growth rate was obtained
by tropical Chlorella UMACC 051 (u = 0.62 d™') and for
polar strains, the highest specific growth rate was obtained by
polar Chlorella UMACC 234 (u = 0.21 d™"). For the chl-a
content, polar Chlorella UMACC 234 (19.26 + 5.38 mg-g '
DW) had significantly the highest value (p<0.05) while
tropical Chlorella UMACC 051 had the lowest chl-a content
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at 8.93 + 1.96 mg-g' DW. In terms of carotenoid content,
polar Chlorella UMACC 234 showed the highest reading at
7.93 + 2.24 mg-g' DW while tropical Chlorella UMACC
051 had the lowest reading at 4.10 + 0.88 mgg' DW.
However, between all strains there was no significant
difference (p>0.05) The ratio of carotenoids to chl-a was also
calculated (Figure 5) and showed that tropical Chlorella
UMACC 038 had the highest value while polar Chlorella
UMACC 250 had the lowest value.

Overall, the specific growth rates of the polar strains
were shown to be lower in comparison to the tropical strains.
Tropical Chlorella UMACC 051 had a significantly higher
specific growth rate. However, polar Chlorella UMACC
234 showed the highest chl-a and carotenoids contents
among the strains.

11

Chlorella UMACC 051 Chlorella UMACC 038 Chlorella UMACC 250 Chlorella UMACC 234

(Tropical) (Tropical)

(Polar) (Polar)

Chlorella Strains

Figure 1 Specific growth rate of tropical and polar Chlorella strains. Data are presented as the mean + SD, n=3. Different letters above

the columns indicate significant differences between strains (p<0.05).
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Figure 2 Chlorophyll-a content of tropical and polar Chlorella strains at the end of the 10 day experiment. Data are presented as the mean
+ SD, n=3. Different letters above the columns indicate significant differences between strains (p<0.05).
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Figure 3 Carotenoid content of tropical and polar Chlorella strains at the end of the 10 day experiment. Data are presented as the mean +
SD, n=3. Different letters above the columns indicate significant differences between strains (p<0.05).
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Figure 4 Biomass of tropical and polar Chlorella strains. Data are presented as the mean = SD, »=3. Different letters above the columns

indicate significant differences between strains (p<0.05).
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Figure 5 Carotenoid to chlorophyll-a ratio of tropical and polar Chlorella strains at the end of the 10 day experiment. Data are presented
as the mean + SD, n=3. Different letters above the columns indicate significant differences between strains (»p<0.05).
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For the overall biomass (Figure 4), tropical Chlorella
UMACC 051 was shown to have attained the highest
biomass after 10 d incubation (47.77 + 12.64 mgL")
followed by tropical Chlorella UMACC 038 (37.78 +
7.70 mg-L™"). However, the tropical Chlorella UMACC 038
and polar Chlorella UMACC 250 showed no significant
difference between strains (p>0.05).

3.2 Biochemical composition of Chlorella strains

The biochemical composition, namely protein,
carbohydrate, and lipid, of the four Chlorella strains are
shown in Figure 6. The polar Chlorella UMACC 234 has
the highest carbohydrate content at 23.47% + 2.45% DW
compared to the other tested Chlorella strains (p<0.05) and
in terms of protein content, it was observed that the tropical
Chlorella UMACC 051 has the highest protein content at
39.48% + 8.35% DW but has no significant difference when
compared with the polar Chlorella UMACC 250 and
tropical Chlorella UMACC 038 (p>0.05). The lowest
protein content was obtained by the polar Chlorella
UMACC 234 at 24.18% + 3.24% DW. The protein content
of tropical Chlorella UMACC 038 was shown to have no
significant difference between all strains (p>0.05). The lipid
content was seen to be the highest in tropical Chlorella
UMACC 038 and was significantly different compared to
tropical Chlorella UMACC 051 and polar Chlorella
UMACC 250 (p<0.05). It is followed by polar Chlorella
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UMACC 234 which had the second highest lipid content
but showed no significant difference between the strains
(»>0.05). Tropical Chlorella UMACC 051 and polar
Chlorella UMACC 250 showed the lowest lipid content and
were not significant different between each other (p>0.05).
Overall, the main component of the Chlorella strains from
both tropical and polar strains was shown to be lipid
(45.36%—-60.30% DW). Carbohydrate showed the lowest
percentage in the biochemical composition for all tested
Chlorella strains.

3.3 Antioxidant activities and TPC of Chlorella
strains

As shown in Table 3, polar Chlorella UMACC 250 had
the highest antioxidant activity (30.15% =+ 3.22%) followed
by tropical Chlorella UMACC 051 (23.52% =+ 1.18%)).
Tropical Chlorella UMACC 038 had the lowest antioxidant
activity (15.42% + 0.30%) and had no significant difference
to polar Chlorella UMACC 234 (p>0.05). For TPC, tropical
Chlorella UMACC 038 was seen to have a significantly
highest phenolic content at 4.43 £ 0.10 mg GAE-g"' DW.
Tropical Chlorella UMACC 051 was seen to have the
lowest phenolic content at 1.91 = 0.04 mg GAE-g' DW.
The TPCs of polar Chlorella UMACC 234 and polar
Chlorella UMACC 250 were seen to have no significant
difference (p>0.05).

b a

Chlorella UMACC 051 Chlorella UMACC 038 Chlorella UMACC 250 Chlorella UMACC 234

(Tropical) (Tropical)

(Polar) (Polar)

m Carbohydrate m Protein m Lipid

Figure 6 Carbohydrate, protein and lipid contents of tropical and polar Chlorella strains. Data are presented as the mean + SD, n=3.
Different letters above the columns indicate significant differences between strains (p<0.05).

Table 3 DPPH and TPC of methanolic tropical and polar Chlorella extracts. Data are presented as the mean + SD, n=3. Different
superscript letters indicate significant differences among strains (»p<0.05)

Regions Chlorella Strains DPPH/(%) TPC/(mg GAE-g"' DW)
Chlorella UMACC 051 2352+1.18° 1.91 +£0.04*
Tropical
Chlorella UMACC 038 15.42 +0.30° 4.43+0.10°
| Chlorella UMACC 250 30.15+3.22° 3.38+0.10°
Polar
Chlorella UMACC 234 16.11 + 6.45° 3.34+0.08°




Investigating Chlorellas biochemical composition and antioxidant activities 347

4 Discussion

With the emphasis on finding new resources of
bioactive compounds that are sustainable, microalgae have
become one of the frequent subjects of interest. Microalgae
are known to contain diverse bioactive compounds such as
bioactive peptides, PUFAs, vitamins, phenolics, carotenoids,
sterols and more (Zhou J et al., 2022). Chlorella species, in
recent years, have started to be commercialized as dietary
supplements due to their ability to produce bioactive
compounds that are absent in plant-derived resources. A
range of studies have shown the presence of diverse
nutrients and bioactive compounds in Chlorella cells that
can promote good health as well as prevent diseases (Rani
et al., 2018; Ru et al, 2020).

Among the four Chlorella strains, tropical Chlorella
UMACC 051 had the highest specific growth rate at u=
0.62 d”' while polar Chlorella UMACC 250 has the lowest
specific growth rate at = 0.21 d”'. Chlorella sp. has a
variety of specific growth rates as reported in different
studies. The eurythermal nature of Chlorella species has
been shown in a study investigating the effect of culture
temperature (ranging from 4 to 30 C) on six different
Antarctic microalgae (Teoh et al., 2004). Notably, the two
polar Chlorella sp. strains (UMACC 234 and UMACC 237)
investigated in that study were able to grow even at 30 'C
and both were able to reach their highest specific growth
rate at 20 ‘C (Teoh et al., 2004).

In another study, a newly isolated Arctic Chlorella sp.
was subjected to temperatures ranging from 3 to 27 ‘C and
was concluded to have high specific growth rates in these
temperatures which further portrays the ability for Chlorella
sp. to adapt and thrive in harsh environments (Cao et al.,
2016). Chlorella sp.’s ability to tolerate and continue to
grow in a wide range of temperatures can be attributed to
changes in gene expression such as differentially expressed
genes expressed genes that are known to be related to
photosynthesis, carbohydrate metabolism, electron transfer,
and cell maintenance (Chong et al., 2011).

Overall, Chlorella sp. have a high adaptability to their
surroundings and can even exceed their ‘normal’ specific
growth rates in different temperatures. Although the present
study shows tropical strains to have the higher specific
growth rates, it should also be acknowledged that there is a
possibility for polar strains to surpass tropical strains when
placed in different environments. By studying Chlorella sp.
in their ideal and not ideal environments can help find the
most convenient way to cultivate it for future industrial
purposes.

In this study, polar Chlorella UMACC 234 had the
highest chl-a content while tropical Chlorella UMACC 051
had the lowest chl-a content. For carotenoids, polar
Chlorella UMACC 234 was observed to have the highest
reading compared to the other strains. In terms of the

carotenoids to chl-a ratio, it was observed that tropical
Chlorella UMACC 038 has the highest value. The chl-a and
carotenoid contents from these strains were seen to be
similar to other Chlorella strains from different studies such
as Chlorella pyrenoidosa, Chlorella sp. FNUBO0O1,
Chlorella vulgaris and Chlorella vulgaris BIN that had
chl-a that ranged from 11 to 37 mg-g' DW and carotenoid
content that ranged from 4 to 11 mg-g' DW (Zhong et al.,
2018; Guo and Fang, 2020; Fakhri et al., 2021; Bazarnova
etal., 2022).

It was observed that the tropical strain Chlorella
UMACC 038 used in this study had the highest carotenoid
to chl-a ratio (0.51) followed by tropical Chlorella UMACC
051 (0.45) which can be contributed to the fact that these
strains have been adapted to survive in higher temperatures.
Higher temperatures can result in photo-oxidative stress
which in turns induces the biosynthesis of carotenoids
(Tripathi et al., 2002). Chlorophylls have many health
benefits such as antioxidant, antimutagenic, antigenotoxic,
anti-cancer, and anti-obesogenic properties (Martins et al.,
2023). In terms of carotenoids, these pigments usually have
protective roles in microalgae which functions similarly on
humans as well and has since led to many discoveries of its
potential health benefit. They are best known for their
antioxidant properties (Gong and Bassi, 2016). With polar
Chlorella UMACC 234 having the highest chl-a and
carotenoid content, it shows that it has the potential to be
used in the food, cosmetic and pharmaceutical industries.

The final biomass of tropical Chlorella UMACC 051
was highest among all strains (p<0.05). Polar Chlorella
UMACC 234 had the lowest final biomass, and the other
strains showed no significant difference between each other
(»>0.05). The biomass of microalgae contains various
bioactive compounds and often contains carbohydrates,
proteins as well as lipids that can be utilized in the food and
biofuel industries (Khan et al., 2018). Due to the tropical
Chlorella UMACC 051 high specific growth rate, the
biomass is also seen to be higher compared to the other
strains. Therefore, cultivating tropical Chlorella UMACC
051 could be seen as more advantageous as it can quickly
accumulate biomass to be used.

The biochemical composition analysis of all four
strains interestingly showed the main component was lipids,
followed by proteins and then carbohydrates. The lipid
portion was around 45.36%—-60.30% DW, the protein was
around 24.18%-39.48% DW and the carbohydrate was
around 5.93%-23.47% DW. Carbohydrate being the lowest
proportion in the composition is generally in line with most
microalgae in different studies that are around 5% to 20%.
However, in those studies, the most common trend is that
the protein content usually holds the highest proportion of
the microalgae biomass at around 40% to 70% (Brown and
Jeffrey, 1992; Niccolai et al., 2019; Canelli et al., 2020;
Grubisi¢ et al.,, 2022). Microalgae having a high lipid
content has been reported elsewhere, as seen in a previous
study showing Chlorella, Dunaliella, and Scenedesmus
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species to have high lipid content that range from 10% to
67% (Islam et al., 2013; Nascimento et al., 2013). It has
also been stated before that Chlorella vulgaris has the
potential to reach 5% to 40% lipids per dry weight of
biomass when grown in their optimum environment (Becker,
1994). Furthermore, it is to be noted that Chlorella sp.’s
biochemical composition can vary due to the environment
as a study on Chlorella pyrenoidosa showed that varying
temperatures can yield differences in the biochemical
compositions (Dai et al., 2022).

From a genetic viewpoint, since these strains were not
subjected to any environmental stress, it could be possible
that these strains naturally have a higher expression of
genes that responsible for lipid synthesis such as
glycerol-3-phosphate dehydrogenase and phospholipid-
diacylglycerol acyltransferase that have been identified in
Chlorella pyrenoidosa and Chlorella sp. ABC-001. These
genes have been reported to be related to the lipid
accumulation and synthesis (Fan et al., 2014; Koh et al.,
2023). Therefore, it can be speculated that the strains
presented in this study may have high expressions of similar
genes but further research on gene expression on these
strains would have to be done to confirm such claims.

Based on this current study’s results, the high lipid
content of the four strains of Chlorella that ranges between
45.36%—60.30% DW shows a possibility of containing
valuable lipid compounds such as unsaturated fatty acid
(UFA), PUFA, docosahexaenoic (DHA), eicosapentaenoic
acids (EPA) and more. These fatty acids have many
physiological functions as they can be anti-microbial,
anti-inflammatory, anti-diabetic and even help in
cardiovascular diseases. Thus, these bioactive lipids have
potential usages in the pharmaceutical, food, cosmetics, and
biofuel industries (Zhou L et al., 2022). Seeing that tropical
Chlorella UMACC 038 and polar Chlorella UMACC 234
has the highest lipid contents, these two strains may have
the potential for microalgae lipid cultivation that utilized in
different industries.

In this study, the antioxidant activities of the four
Chlorella strains were studied using DPPH and the
phytochemical content were studied using TPC test. From
the two tests, polar Chlorella UMACC 250 had the highest
antioxidant activity while tropical Chlorella UMACC 038
had the lowest antioxidant activity. In terms of the TPC,
tropical Chlorella UMACC 038 was seen to have the
highest TPC while tropical Chlorella UMACC 051 has the
lowest total TPC.

The antioxidant activities shown in this study were
lower in comparison to other studies, but the TPC was
similar (Safafar et al., 2015; Haoujar et al., 2019;
Andriopoulos et al., 2022). The results of low antioxidant
activity from the DPPH measurements perhaps suggest that
it is not as suitable a test for examining microalgae’s
antioxidant activity. It can also be due to the incompatibility
of methanol extracts and DPPH assay. As seen in a study
comparing DPPH and 2,2'-Azino-bis (3-etilbenzotiazolin-
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6-sulfonic acid) (ABTS) methods to determine the
antioxidant activity of Spirulina platensis, it showed that
ABTS had a higher antioxidant activity with methanolic
extracts of Spirulina platensis while DPPH has a higher
antioxidant activity when water was used instead of
methanol (Shalaby and Shanab, 2013). Studies have shown
that the solvent used for extraction can impact the
sensitivity of DPPH and have highlighted those other
solvents such as 80% acetone can perhaps yield better
results in DPPH (La et al., 2021; El Mannoubi, 2023).

Apart from that, as stated before the Chlorella strains
in this study were not subjected to any stress, including
oxidative stress, which can perhaps explain the appearance
of low antioxidation activity. This can be evident in a study
on the effects of magnetic fields (MF) on Chlorella kessleri.
MF is speculated to induce oxidative stress on biological
systems and to counteract it, the production of antioxidants
will increase which was observed in Chlorella kessleri. The
DPPH was able to reach a maximum of 185.7% when the
culture was exposed to 60 mT for 1 h-d”" (Bauer et al.,
2017). Although results presented in this study were low,
they still show the possibility of these Chlorella strains to
exhibit antioxidant activities, hence TPC test was employed
as microalgae has been seen to have high phenolic content
which can contribute to their antioxidant activity (Agregan
et al., 2018).

However, in this study, despite tropical Chlorella
UMACC 038 having the highest TPC, it had the lowest
antioxidant activity. Apart from the potential lack of
compatibility of methanolic extracts and DPPH, there is a
possibility that tropical Chlorella UMACC 038 has
phenolic compounds that are low in antioxidant activity.
There are many different types of phenolic compounds and
based on their structures, the antioxidant activity can differ.
For example, the number of hydroxyl groups present in the
phenolic compounds can lead to different antioxidant
capacities as it is one of the groups responsible for donating
H-atoms to allow an antioxidant effect (Kumar and Goel,
2019).

Moreover, phenolic compounds that are free, esterified,
glycosylated, and non-glycosylated can also impact the
antioxidant activities (Rice-Evans et al., 1996; Chalas et al.,
2001). Therefore, it can be speculated that the tropical
Chlorella UMACC 038 may have a high TPC but consist of
phenolic compounds that are low in antioxidant activity.
Overall, both polar and tropical strains showed varying
antioxidant capabilities and TPCs, hence there is a potential
for further studies to perhaps reconfirm the antioxidant
activities of these strains as well as identify the specific
compounds that can provide health benefits to human.

This study was able to highlight the differences in
terms of growth, pigment, biomass dry weight, biochemical
composition, antioxidant activities and phytochemical
properties of tropical and polar Chlorella strains. However,
further studies should be done to identify the specific
bioactive compounds that contribute to its antioxidant
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activities. Furthermore, studies to identify as well as
quantify the specific bioactive compounds can also show
their possible potential in the food, cosmetic, biofuel and
pharmaceutical industries.

5 Conclusion

In the current era, different industries are keen in
finding naturally derived bioactive compounds that can
potentially replace the synthetic materials as well as finding
renewable sources of bioactive compounds. Microalgae
have gained much attention due to these goals as they are
known to house a plethora of bioactive compounds with
varying functions such as acting as an antioxidant and can
regenerate these bioactive compounds which can bring a
sense of sustainability. With a vast majority of microalgae
from different regions that has yet to be studied, this study
aimed to determine the specific growth rate, biomass
content, biochemical composition, antioxidant activities and
TPC of four Chlorella sp. from tropical and polar regions.

In terms of the growth rate and biomass, the tropical
strains were observed to have much higher values than the
polar strains and tropical Chlorella UMACC 051 is seen to
be able to grow fast and create a bigger biomass, making it
a potential candidate for cultivation as it is more efficient.
Between the four strains, the lipid content was observed to
be the highest in the biochemical compositions in all strains,
which can be a trait of these species that can be useful in the
development of biofuels. The antioxidant activities were
seen to be low in all strains but in all strains, there were
positive results for the phenolic content that can be further
analyzed. Based on the findings, although polar Chlorella
UMACC 234 has one of the slowest growth rates and the
smallest biomass, it still can be considered as the strain that
has the most potential. Factors such as the growth rate,
biomass, and the need to maintain the cultures at 4 ‘C may
increase the cost of production but it has significantly the
highest chl-a, carotenoid, carbohydrate and second highest
lipid content despite having the smallest biomass.

This study provided a general screening on tropical
and polar Chlorella strains and showed that there is a
potential that these strains hold bioactive compounds that
can be utilized in various industries. With the research
findings in this study, the Chlorella strains perhaps have a
future in biofuels or nutritional foods industries. However
further studies to dissect the specific bioactive compounds
present in the Chlorella strains are needed to determine the
exact compounds on a molecular level. Future work should
aim to extract these specific bioactive compounds and test it
for potential health benefits or toxic effects as well as study
the genetic make-up of these strains. Investigations focusing
on manipulating various growth factors to explore their
influence on the synthesis of specific bioactive compounds
in these Chlorella strains are also warranted.
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