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ABSTRACT
Aims: The use of microalgae as source of natural antioxidants is under explored in Malaysia. Previous studies have
shown that microalgae contain minerals, polysaccharides, amino derivatives, carotenoids and phenolic compounds. This
study aimed to determine total phenolic and flavonoid compounds and antioxidant activity when microalgae
(Nannochloropsis oculata and Tetraselmis sp.) and cyanobacterium (Anabaena sp.) were subjected to abiotic stresses.
2+
Methodology and results: Treatment of sodium chloride (NaCI), sodium hypochlorite (NaOCI) and copper (Cu ) were
given when the cultures reached the exponential phase of growth and were collected at three different time points. Nontreated cultures were used as controls. Total phenolic and flavonoid contents were determined using Folin-Ciocalteau
phenol reagent and aluminium chloride colorimetric assays. Antioxidant activities were measured using 2,2-diphenyl-1picrylhydrazyl (DPPH) free radical scavenging activity assay. Tetraselmis sp. exhibited the highest phenolic content
under copper stress (10.35 ± 0.33 µg GAE/mg extract). Nannochloropsis oculata showed the highest total flavonoid
content under copper stress (33.85±3.16 µg QE/mg extract). Anabaena sp. showed the highest radical scavenging
activity under NaOCI stress (96.42 ± 0.26%).
Conclusion, significance and impact of study: This study showed that total phenolic, flavonoid and antioxidant
activities in treated cultures were high compared to non-treated cultures. These microorganisms could be utilized as a
source of useful bioactive compounds while exploiting its abundance.
Keywords: microalgae, cyanobacteria, antioxidant, stress

INTRODUCTION
Antioxidants are molecules that inhibit free radicals that
are produced from the oxidation of other molecules. Most
foods and pharmaceutical industries use synthetic
antioxidants to prolong product shelf life and to enhance
the stability of therapeutic agents. Synthetic antioxidants
are widely used as it is cheaper than natural antioxidants.
The two most common synthetic antioxidants used today
are butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT). However, recent studies have
shown that these synthetic antioxidants are suspected to
be carcinogenic (Maadane et al., 2015) and will
consequently result in DNA damage (Abd El-Aty et al.,
2014).
Primary source for natural antioxidants are plants, but
the production of antioxidants from plants are costly and
time consuming. Recently, interests in the utilization of
microalgae have increased due to their high secondary
metabolites activities and also because they have been

recognized as a new source of antioxidants apart from
plants (Maadane et al., 2015). Microalgae are
photosynthetic unicellular microorganism that can be
cultivated in a large-scale system at fast pace. Recent
study by Klejdus et al. (2010) showed that several classes
of flavonoids can be found in microalgae and
cyanobacteria and they showed capabilities in inhibiting
lipid peroxidation. Studies by Klejdus et al. (2010) and
Kováčik et al. (2010) showed that a variety of phenolic
compounds are present in microalgae. Natrah et al.
(2007) also revealed that some microalgae such as
Isochrysis galbana and Chaetoceros calcitrans have the
potential to be utilized as natural sources of antioxidants
with high nutritional value.
Interestingly, the adaptability towards stress in algae
was found to be associated with accumulation of several
organic solutes which includes phenolic, flavonoid and
antioxidant compounds (Hasegawa et al., 2000). This may
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be due to the increase in production of reactive oxygen
species (ROS) radical molecules under stress conditions
which leads to oxidative damage (Kreslavski et al., 2007).
The growing interest in the search of natural antioxidants
to replace the synthetics is currently ongoing.
Nevertheless, the exploration of antioxidant compounds
from microalgae is lacking in Malaysia. This project was
carried out in order to determine the amount of phenolic
and flavonoid compounds in microalgae (N. oculata and
Tetraselmis sp.) and cyanobacterium (Anabaena sp.) and
the effects of abiotic stresses towards the antioxidant
activities in these organisms.

paper. The supernatant was dried using rotary evaporator.
The dried extracts were resuspended with 1 mL methanol
to a specific final concentration and stored at −20 °C until
further use (Guedes et al., 2011).
Total phenolic content assays
Total phenolic content was determined using
spectrophotometric method by Slinkard and Singleton
(1977). The extracts were prepared with a concentration
of 100 µg/mL. A volume of 0.5 mL of each extract was
added with distilled water to up to 3 mL and 0.5 mL of
Folin-Ciocalteau’s phenol reagent. After 5 min, 2 mL of 2
% sodium carbonate (Na2CO3) solution was added and
left for 60 min in the dark before the absorbance was
taken. The calibration curve was extrapolated to
determine the total phenolic content using gallic acid
solution (10-70 µM) and the results were expressed in
gallic acid equivalents per mg of extracts, GAE/mg.

MATERIALS AND METHODS
Microalgae samples
Cyanobacterium Anabaena sp. was kindly given by Dr.
Japareng Lalung from Universiti Sains Malaysia (USM),
Penang while microalgae (N. oculata and Tetraselmis sp.)
were obtained from Centre of Marine Science (COMAS),
Universiti Putra Malaysia (UPM), Port Dickson. Anabaena
sp. was grown in 250 mL Erlenmeyer flask that was
placed on an open orbital shaker at 29±2 °C and
continuously shaken at 150 rpm for 24 h under 50 μmol
−2 −1
photons m s
illumination. The medium used was
modified BG-11 at pH 7.2.
N. oculata and Tetraselmis sp. were grown in 1000 mL
Erlenmeyer flask at 26±2 °C in an incubator shaker at
Agro-Biotechnology Institute (ABI), Selangor. Both
−2 −1
species were grown under 50 μmol photons m s
illumination for 24 h and continuously shaken at 150 rpm.
The medium used was TAP/2 seawater at pH 7.1.

Total flavonoid content assays
Total flavonoid content was determined by a calorimetric
method (Zishen et al., 1999). Approximately 0.5 mL of
each extract with the concentration of 100 µg/mL was
added with 1 mL 100 % methanol to make up to 3 mL.
The mixture was left for 5 min after the addition of 0.4 mL
distilled water and 0.3 mL of 5 % sodium nitrite (NaNO 2).
Approximately 2 mL of 1 M sodium hydroxide (NaOH) and
distilled water was added to make up to 10 mL after 0.3
mL of 10% aluminium chloride (AlCl3) was added and left
at room temperature for 1 min. The mixture was left for 15
min after being shaken. The absorbance was measured at
510 nm and the concentrations of total flavonoids were
determined as quercetin equivalents per mg of extracts,
QE/mg.

Treatment application
Treatments were applied when the growth of the
organisms reached exponential phase (OD1000 nm= 0.8).
The experiments were carried out by supplementing the
media with increasing concentrations of stress inducers
2+
namely, copper [(Cu ) (0.5, 2 and 5 ppm)], sodium
hypochlorite [(NaOCl) (0.5, 10 and 5 µM)] and sodium
chloride [(NaCI) (50, 150 and 250 mM)]. Samples were
collected at day 0 (D0), day 3 (D3) and day 6 (D6) to see
the effects immediately after the application and the next
few days up to day 6 which were predicted to be the
points where the full effects have taken in.

Antioxidant assay
The antioxidant activity (AA %) of samples were assessed
by DPPH free radical assay according to method
described by Blois (1958). The samples were prepared
with a concentration of 100 µg/mL. The reaction mixture
consisted of 3 mL of sample and 1 mL of DPPH radical
solution. The changes in colour (from deep violet to light
yellow) were measured at 517 nm after 60 min of reaction.
The capacity of the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity was calculated using following
formula:

Preparation of sample extracts
Crude extraction was carried out using HPLC grade
methanol (Merck, Germany) as an extraction solvent. A
volume of 200 mL of each culture was centrifuged at 8000
x g for 30 min at 15 °C. The supernatant was discarded
while the pellet was retrieved and dried at 60 °C for 2 h.
The dried pellet was weighed and mixed with methanol
(1:40, w/v). Extractions were performed overnight with
continuous stirring. The supernatant was recovered after
centrifugation of the mixture at 8000 x g for 30 min at 15
°C by filtering the supernatant through Whatman filter

ADPPH is the absorbance of the DPPH solution
without any addition of extracts while, AS is the
absorbance of the DPPH solution when the sample
extract was added.
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Statistical analysis

decreased while control was increased with time. Higher
concentration of the treatment inhibited the growth of most
of the cultures at D6 (OD1000nm= 0.8309).
As for NaOCl treatment (Figure 1B), growth of N.
oculata and Anabaena sp. after treatment were increased
with time but not more than control and high at 10 µM
(OD1000nm= 1.224) and 50 µM (OD1000nm= 0.701)
respectively. Growth of treated Tetraselmis sp. was
decreased while control was increased with time and
inhibited the most at 10 µM (OD1000nm= 0.8309)
respectively.
Figure 1C shows the growth of N. oculata and
Anabaena sp. after treatment was increased over time but
not more than control and high at 5 ppm (OD 1000nm=
1.287, 0.701) respectively. Growth of treated Tetraselmis
sp. was decreased while control (OD1000nm= 0.853) was
increased with time and inhibited the most at 2 ppm
(OD1000nm= 1.015) respectively.

Collected data were analysed using analysis of variance
or t-test procedure. Significant differences between
treatments were tested using Duncan's multiple range test
(DMRT). Statistical analyses were carried out using
Statistical Package for the Social Sciences (SPSS) 10.0.
RESULTS
2+

The effect of NaCl, NaOCl and Cu on the growth of
N. oculata, Tetraselmis sp. and Anabaena sp.
2+

Effects of abiotic stresses (NaCl, NaOCl and Cu ) on the
growth of N. oculata, Tetraselmis sp. and Anabaena sp.
are shown in Figure 1. Growth of N. oculata and
Anabaena sp. after NaCl treatment increased (Figure 1A)
with time but not more than control and high at 250 mM
(OD1000nm= 0.951) and 150 mM (OD1000nm= 0.701)
respectively. Growth of treated Tetraselmis sp. was

i)

ii)

iii)

ii)

iii)

ii)

iii)

(A)

i)
(B)

i)

(C)
2+
Figure 1: Growth before and after treatment of (A) NaCl, (B) NaOCl and (C) Cu in microalgae i) N. oculata ii)
Tetraselmis sp. iii) Anabaena sp. at different time points. The growth was monitored by measuring optical density at
1000 nm. Each value in the graph is represented as mean ± SD (n=3).
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2+

The effect of NaCl, NaOCl And Cu on the total
phenolic content of N. oculata, Tetraselmis sp. and
Anabaena sp.

content at D6 for all species. The highest amount of
phenolic compounds in NaOCl treated N. oculata was at
10 µM (5.09 ± 0.68 µg GAE/mg extract). The highest
amount of phenolic compounds in treated Tetraselmis sp.
and Anabaena sp. were at 5 µM of NaOCl (6.24 ± 0.39,
3.74 ± 0.55 µg GAE/mg extract).
2+
Finally, for the Cu
treatment (Figure 2C), total
phenolic content in all treated cultures were increased
compared to non-treated cultures at each time point and
2+
exhibited the highest phenolic content at 5 ppm of Cu .
2+
The highest amount of phenolic content in Cu treated N.
oculata and Tetraselmis sp. was at D6 (5.51 ± 0.68, 10.35
± 0.33 µg GAE/mg extract) while the highest phenolic
2+
content in Cu treated Anabaena sp. was at day 3 (5.98 ±
0.33, µg GAE/mg extract). All in all, among the three
species, the highest amount of phenolic compounds was
seen to be produced by Tetraselmis sp. when induced
2+
with 5 ppm Cu [Figure 2C (ii)].

The results of the effect of abiotic stresses (NaCl, NaOCl
2+
and Cu ) on total phenolic content in N. oculata,
Tetraselmis sp. and Anabaena sp. are shown in Figure 2.
In NaCl treatment (Figure 2A), the total phenolic content in
all treated cultures were increased compared to nontreated cultures at all time points and all species exhibited
the highest phenolic content at D6. The highest amount of
phenolic compounds in treated N. oculata was at 50 mM
(8.64 ± 0.6 µg GAE/mg extract) as shown in Figure 2A (i).
The highest amount of phenolic compounds in treated
Tetraselmis sp. and Anabaena sp. were at 250 mM (7.02
± 0.33, 2.77 ± 0.55 µg GAE/mg extract).
Total phenolic content in all treated cultures were also
increased compared to non-treated cultures for NaOCl
treatment (Figure 2B) and exhibited the highest phenolic
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Figure 2: Total phenolic content before and after treatment of (A) NaCl, (B) NaOCl and (C) Cu in i) N. oculata ii)
Tetraselmis sp. iii) Anabaena sp. at different time points. All treated and non-treated cultures initial concentration for the
assay was 100 µg/mL. Each value in the graph is represented as mean ± SD (n=3).
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2+

The effect of NaCl, NaOCl and Cu on the total
flavonoid content of N. oculata, Tetraselmis sp. and
Anabaena sp.

were at 50 µM (31.54 ± 0.56, 18.85 ± 2.63 µg QE/mg
extract). On the other hand, the highest flavonoid content
accumulated in treated Tetraselmis sp. was at 5 µM
NaOCl (23.29 ± 2.63 µg QE/mg extract) (Figure 3B (ii)).
Based on Figure 3C, the total flavonoid content in all
2+
Cu treated cultures were increased compared to nontreated cultures at each time point and exhibited the
highest flavonoid content at D6 for all species. The highest
flavonoid content observed in treated N. oculata was at 5
2+
ppm Cu
(33.85 ± 3.16 µg QE/mg extract) while
2+
Tetraselmis sp. and Anabaena sp. were at 2 ppm Cu
(28.67 ± 3.59, 20.33 ± 3.09µg QE/mg extract).
N. oculata was seen to produce the most number of
flavonoid compounds when induced with all three types of
stresses and the highest flavonoid content was induced by
2+
Cu [Figure 3C (i)].

The results of the effect of abiotic stresses (NaCl, NaOCl
2+
and Cu ) on total flavonoid content of N. oculata,
Tetraselmis sp. and Anabaena sp. are shown in Figure 3.
Total flavonoid content in all NaCl treated cultures were
increased compared to non-treated cultures at each time
point and exhibited the highest amount of flavonoid
compounds at D6 for all species (Figure 3A). The highest
amount of flavonoid compounds in NaCl treated N.
oculata and Anabaena sp. were at 250 mM (28.67 ± 2 and
21.63 ± 3.89 µg QE/mg extract). The highest amount of
flavonoid compounds in treated Tetraselmis sp. was
observed at 150 mM NaCl (22.17 ± 3.70 µg QE/mg
extract).
In NaOCl treatment (Figure 3B), the highest amount of
flavonoid compounds in N. oculata and Anabaena sp.
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Figure 3: Total flavonoid content before and after treatment of (A) NaCl, (B) NaOCl and (C) Cu in i) N. oculata ii)
Tetraselmis sp. iii) Anabaena sp. at different time points. All samples and control concentrations were 100 µg/mL. Each
value in the graph is represented as mean ± SD (n=3).
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2+

The effect of NaCl, NaOCl and Cu on the scavenging
activity of N. oculata, Tetraselmis sp. and Anabaena
sp.

activity in treated N. oculata and Tetraselmis sp. with
90.41 ± 0.44, 91.10 ± 0.44% of inhibition of DPPH radical
at 50 µM respectively while in treated Anabaena sp. was
at 10 µM with 96.42 ± 0.46% of inhibition of DPPH radical
respectively.
Last but not least, radical scavenging activities in all
2+
Cu treated cultures (Figure 4C) showed an increase
compared to non-treated cultures at each time point and
the most activity was at D6 for all species. The highest
antioxidant activity for all three species was recorded at 2
2+
ppm Cu treatment with 89.67 ± 0.61, 87.18 ± 0.69, 78.68
± 0.62 % of inhibition for N. oculata, Tetraselmis sp. and
Anabaena sp. respectively.

The radical scavenging activities in all NaCl treated
cultures were increased compared to non-treated cultures
at each time point and the most activity was at D6 for all
species as shown in Figure 4A. The highest antioxidant
activity in treated N. oculata, Tetraselmis sp. and
Anabaena sp. were 87.95 ± 0.62, 85.96 ± 0.46, 93.07 ±
0.42 % inhibition of DPPH radical at 250 mM respectively.
Radical scavenging activities in all NaOCl treated
cultures (Figure 4B) were also increased compared to
non-treated cultures at each time point and the most
activity was at D6 for all species. The highest antioxidant
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Figure 4: Radical scavenging activity before and after treatment of (A) NaCl, (B) NaOCl and (C) Cu in i) N. oculata ii)
Tetraselmis sp. iii) Anabaena sp. at different time points. All samples and control concentrations were 100 µg/mL.
Control is DPPH in methanol only. Radical scavenging activity was calculated after subtracting absorbance of samples
from that of control. Each value in the graph is represented as mean ± SD (n=3).
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DISCUSSION

conditions followed by enhanced antioxidative activity in
Plectonema
boryanum,
Hapalosiphon
intricatus,
Anabaena doliolum and Oscillatoria acuta (Singh et al.,
2014). Biosynthesis of phenolic compounds come from
carbohydrate metabolism before they enter shikimate
pathway and form phenylalanine and phenolic acid. The
increase in carbohydrate content will increase total
phenolic content. This was proved by Kirrolia et al. (2011)
that reported carbohydrate content in microalgae
Scenedesmus quadricauda was increased in all NaCI
treatment as compared to control. Singh et al. (2014) also
reported that salt stress induces the accumulation of
phenylpropanoid and antioxidant activity in cyanobacteria
and microalgae. However total phenolic content in treated
Anabaena sp. showed no significant difference. This study
showed that phenolic contents in NaOCI treated cultures
were increased. Research done by Markou et al. (2012)
showed decrease in phenol concentration and turbidity in
A. platensis after NaOCI treatment. This might be due to
concentration of NaOCI (5 μM, 10 μM and 50 μM) used in
this treatment was not enough to cause any decrease in
phenolic content and turbidity. However, according to Ip
and Chen (2005) Chlorella zofingiensis treated with
0.0001 mM of NaOCI gave high chlorophyll and
carotenoid content.
Flavonoid content was determined using calorimetric
method. Aluminium chloride forms acid stable complexes
with the C-4 keto groups and either hydroxyl group of
flavones and flavonols, orthodihydroxyl groups in the A- or
B-ring of flavonoids which can be detected at wavelength
510 nm (Kalita et al., 2013). This research showed that
total flavonoid content in treated cultures is higher than
control at each time point. It is because flavonoids are the
largest group of naturally occurring phenolic compounds
such as flavonols, flavones, anthocyanidins, flavons and
flavonols (Ohshima et al., 1998). N. oculata contains
higher concentration of flavonoids compared to
Tetraselmis sp. and Anabaena sp. Previous study by
Barreiro et al. (2016) stated that accumulation of
polyphenol was higher than control under copper stress in
Dunaliella tertiolecta.
There are numerous methods used to evaluate
antioxidant activity of natural compounds with varying
results. 2,2-diphenyl-1-picrylhydrazyl (DPPH) is a free
radical that is usually used to measure antioxidant activity.
DPPH is reduced by antioxidant and can be measured at
510 nm (Abd El-Aty et al., 2014). Discoloration of DPPH
showed that free radical scavenging potentials of the
sample by their hydrogen donating ability (Pallab et al.,
2013). When DPPH reacts with an antioxidant compound,
which can donate hydrogen, it is reduced (Kalita et al.,
2013). Goiris et al. (2012) reported that both carotenoid
and phenolic content significantly contributed to the
antioxidant capacity of microalgae. However, according to
Hajimahmoodi et al. (2009), there was a positive
correlation between antioxidant capacity and phenolic
content only in FRAP (Ferric Reducing Antioxidant
Potential) assay and not in 2,2-diphenyl-1-picrylhydrazyl
High performance liquid chromatography (DPPH-HPLC).
Maadane et al. (2015) stated that phenolic and

This project was carried out in order to determine the
amount of phenolic and flavonoid compounds as well as
antioxidant activities in microalgae (N. oculata and
Tetraselmis sp.) and cyanobacterium (Anabaena sp.)
under normal and under abiotic stress conditions. Cultures
were treated with various concentrations of NaCl (salinity/
2+
osmotic stress), copper ion (Cu ) and NaOCl (oxidative
stress). Results from this study have shown to be in
agreement with a study reported by Hasegawa et al.
(2000) where antioxidant compounds were found to be
associated as an adaptability strategy against stress
conditions.
According to Gu et al. (2012) N. oculata growth was
increased when treated with NaCI during 19 days of
cultivation. Srivastava et al. (2005) stated that Anabaena
sp. growth treated with 150 mM NaCI grew faster than
control. In contrast, growth of treated Tetraselmis sp. was
decreased over time for each treatment. Kirst (1990)
explained that microalgae might lose dry biomass
productivity or reduction in growth because they will
expend energy while attempting to maintain turgor
pressure under high salinity. Under oxidative stress,
Galindo et al. (2010) reported that NaOCI have caused
growth of microalgae Dunaliella salina to be inhibited after
24 h. This previous work correlates with the growth of
NaOCI treated Tetraselmis sp. in this study. Apart from
that, growth of green microalgae was shown to be
2+
inhibited due to Cu accumulation and toxicity by Anurag
et al. (2014) but growth of treated N. oculata and
Anabaena sp. in this study did not show the same trend.
This might be due to the adaption of the organisms to
2+
Cu stress.
In this study, N. oculata, Tetraselmis sp. and
Anabaena sp. were extracted using 100% methanol as it
was reported as the most efficient solvent for phenolic
extraction and radical scavenging compounds in
microalgae (Abd El-Aty et al., 2014). Total phenolic
content was determined using Folin-Ciocalteu reagent to
measure the total concentration of phenolic hydroxyl
groups. Polyphenols react with sodium carbonate form a
blue complex that can be read by visible-light
spectrophotometry at 650 nm (Slinkard and Singleton
1977). This study explored total phenolic content in
microalgae and cyanobacterium culture when treated with
three different stresses. The first stress was NaCI to
mimic salinity stress. N. oculata and Tetraselmis sp. and
Anabaena sp. can be found both in fresh and marine
water system. When water level drops, salinity will
increase thus will cause the microalgae and
cyanobacterium to experience stress. Total phenolic
content in NaCI treated microalgae and cyanobacterium
was increased proportionally with time and all were higher
consistently than control. Kawasaki et al. (2001) and
Ozturk et al. (2002) reported that salinity stress can cause
a series of changes in photorespiration, photosynthesis,
osmotic adjustment, amino acid and carbohydrate
synthesis. Previous studies have also proven that
phenolic compounds accumulate under salt stress
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