Available online at www.worldnewsnaturalsciences.com

WNOFNS 34 (2021) 144-153

EISSN 2543-5426

Early utilization of Spirulina platensis cultivation as
an antioxidant candidate in laboratory-scale closed
reactor system
Dewi Oktaviani, Asep Hasan Basri and Windi Damayanti*
Faculty of Fisheries and Marine Science, University Padjadjaran,
Bandung-Sumedang St. KM.21, 45363 West Java, Indonesia

*E-mail address: windi.damayanti@unpad.ac.id

ABSTRACT
Spirulina platensis is a microalga that contains a lot of secondary metabolites and is utilized as
a dietary supplement. It can inhibit fat peroxidation better compared to the chemical antioxidant.
Laboratory-scale closed reactor system was designed for Spirulina cultivation. This research aims to
analyze identified secondary metabolite (Phytochemical contents) and the antioxidant activity or value
of Inhibition Concentration 50% (IC50) of the fresh lab-scale cultivated Spirulina platensis. The
antioxidant content was evaluated using DPPH method (1,1–diphenyl-2-pikrilhidrazil) on various
sample concentrations as well as using Vc (Ascorbic Acid) as a positive control. The principle of
hydrogen absorption by free radicals from antioxidants was demonstrated with the absorption value
using a spectrophotometer at a wavelength of 517 nm. The results show that Spirulina platensis labscale cultivation was resulting in 5.0±0.01 g/10.0 L wet basis on the 10th day. The results show that
Spirulina platensis has positive compounds of flavonoid, steroids, triterpenoids, phenolic, and saponins.
Fresh Spirulina platensis has a value of IC50 647.045 ppm and Vc as a positive control has the IC50 of
2.085 ppm. The potential as a source of natural antioxidants was categorized as a very weak capacity.
Therefore this study can be concluded that Spirulina platensis cultivated in Laboratory-scale has a
potential to act as antioxidant candidate.
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1. INTRODUCTION
Spirulina platensis is a bluish-green autotrophic microorganism with a column of cells
forming twisted filament resembling a spiral or helix. It is also called as blue-green filament
algae known as Cyanobacterium (Soni et al., 2017). It contains about 20% of phycocyanin
pigment of its dry weight. Phycocyanin is a complex protein that has the capability of enhancing
the immune system, also acting as anticancer and antioxidant (Nuhu, 2013; Czerwonka et al.,
18).
Antioxidant has a lot of benefits for health and beauty, for the example to prevent cancer
and tumors, narrowing of blood vessels, and premature aging. Besides, it is an instrumental that
can be used for maintaining the quality of food products (Santos-Sánchez et al., 2017). An
antioxidant is an electron-giver compound that prevents the occurrence of oxidation reaction,
preventing the formation of free radicals. It has highly reactive molecules because they have
unpaired electrons in their outer orbital. Free radicals in human bodies are hazardous because
they tend to do chain reactions and inflict ongoing and continuous damage. The human body
has its defense system in counteracting free radical attacks through normal cell metabolic and
inflammatory events. Still, with increased levels of pollution, radiation, and stress they caused
the ability of existing body defense systems inadequate. Therefore the human body requires
additional antioxidants from the outside. Thus, the presence of antioxidants derived from
natural ingredients is significant. The results of Karkos et al. (2008) study show that Spirulina
platensis contains antioxidants, which can inhibit fat peroxidation better (65%) compared to the
chemical antioxidant example of tocopherol (35%) and BHA (45%).
Due to its benefits, several studies has been explored the cultivation method to obtain
optimum biomass and evaluated the antioxidant activity of the Spirulina platensis. Moraes et
al. (2013) proposed luminosity as the main parameter along with different rates of stirring,
nitrogen source, and amount of micronutrients. Soni et al. (2019) modified organic media and
a closed reactor system for better biomass yield. However, the study about the antioxidant
activity of the fresh Spirulina platensis, that has been cultivated in a glass aquarium is still
limited.
Thus, this study was designed as spirulina cultivation methods using the Laboratory-scale
closed reactor system. This research aims to analyze identified secondary metabolite
(Phytochemical contents) and the antioxidant activity or value of Inhibition Concentration 50%
(IC50) of the fresh lab-scale cultivated Spirulina platensis.

2. MATERIALS AND METHODS
2. 1. Spirulina platensis cultivation
Spirulina platensis inoculum was obtained from the Hatchery Laboratory of Fisheries and
Marine Science Faculty Padjadjaran University (West Java, Indonesia). Spirulina was
cultivated in 10 L of water as the media with the addition of feed nutrients (Table 1).
Spirulina platensis was cultivated using a glass aquarium with a 40×20×20 cm3
dimension. The photosynthesis process takes place using the 18 Watt TL lamp light (Philips –
Cooldaylight) continuously during the cultivation period. Carbon dioxide (CO2) was supplied
to the water using an aerator, which was connected to the hose. The hose is inserted into the
PVC pipe, with small holes on the bottom.
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The pipe is attached to the aquarium diagonally (Figure 1). The air is to push the water
circulating from the bottom to the top of the water column. Thus the water will be mixed so
that all parts of the Spirulina platensis will get nutrients and light sources evenly.
Table 1. Feed Nutrient Composition for Spirulina platensis.
Ingredient

Amount (g)

NaHCO3

84.00

NaCl

5.00

Urea

0.80

TSP

0.30

ZA

0.20

FeCl

0.02

Figure 1. Schematic design of Laboratory-scale open pond and closed reactor system
for Spirulina platensis culture

2. 2. Harvesting Method
Harvesting was carried out after ten days of culture at the peak of the population density
of spirulina, which can be seen under a microscope and marked by changes in the color of the
water on the culture media to be thick green (Figure 2a). Cultures that have reached the peak
population density are harvested by water on culture media filtered using a plankton-net with a
mesh size of 20.0 µm (Figure 2b). The filtering results are then rinsed and squeezed to obtain
spirulina biomass and reported as g wet basis.
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(a)

(b)

Figure 2. Harvesting process for Spirulina platensis: (a) Cultures that reached the peak
population; (b) Harvesting process using a 20.0 µm plankton-net

2. 3. Phytochemical Measurement
The secondary metabolites were determined using a qualitative test of phytochemistry.
This phytochemical test is used to determine whether or not there are bioactive group
compounds in the sample that have the potential as antioxidants. The groups of compounds
tested included alkaloid test, flavonoid test, steroid test, triterpenoid test, phenol test, saponin
test, and tannin test, describe by Sidi et al. (2018).
2. 4. Antioxidant Measurement
The quantitative antioxidant activity of the test Spirulina platensis was carried out using
the DPPH method expressed in IC50 value. According to Teng and Lee (2014), the magnitude
of antioxidant activity is indicated by the IC50 value, which is the concentration of the sample
solution needed to inhibit 50% DPPH free radicals. Vc (Ascorbic Acid) that has been widely
used in the community was used as a positive control. Antioxidant activity of the various
concentrations of samples and control was indicated by the value of absorbance using the
spectrophotometric method (Molyneux, 2004).
The fresh Spirulina platensis was dissolved in methanol with concentrations of 100, 200,
400, 600, 800, and 1000 ppm. The Vc solution was prepared by dissolving Ascorbic Acid
powder in methanol as a solvent with concentrations of 1, 2, 3, 4, 6, 8, and 10 ppm. Each
solution of Spirulina platensis and Vc that has been made was taken 2 ml of each concentration
and inserted into the vial and added by 1 ml DPPH 0.1 mM. The blanco is made by dissolving
1 ml DPPH 0.1 mM and added by 2 ml of methanol. The solution was then incubated at a
temperature of 37 °C for 30 min.
Antioxidant activity tests can be detected by the discoloration of the DPPH solution from
violet to yellow. These color changes occur because of the reduction of DPPH free radicals by
antioxidant compounds that can provide hydrogen radicals to DPPH radicals and reduced to
DPPH-H (1,1-diphenyl-2-pikrilhidrazine). This color change was measured by using a UV-vis
spectrophotometer with a wavelength of 517 nm, which is the maximum wavelength for DPPH.
To illustrate the magnitude of the concentration of test compounds that can ward off free
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radicals by 50% and the right concentration in transferring DPPH free radicals, the IC50 values
were calculated. The values of IC50 were used following the calculations:
Inhibition =

Blanco Absorbane - Sample Absorbance
× 100%
Blanco Absorbance
(Eq. 1)

2. 5. Data analysis
Biomass and phytochemicals data results were analyzed descriptively. As for antioxidant
measurement, after measuring the absorbance value, the inhibition percentage value was
calculated to make a linear graph. This linear graph can show the relationship of increasing the
concentration of samples with Vc to the value of inhibition percentage in counteracting DPPH
free radicals. This IC50 value is obtained through calculations using linear regression:
Y=a+b

(Eq. 2)

3. RESULTS AND DISCUSSION
3. 1. Cultivation results
The filtering results of spirulina biomass (Figure 3) with 10 L of water produced
5.0±0.01 g of spirulina on a wet basis. The implementation of microalgae culture elements N,
P, and K is necessary for spirulina growth. The light and temperature are the main factors of
growth in a nutrient-operated outdoor pond (N, P, CO2, etc.) and well-mixed conditions
(Huesemann et al., 2016). Pérez-López et al. (2017) state that nutrients needed for the growth
and development of spirulina are essential to maintain the quantity, quality, and stability of
spirulina cell production. Lamp modification in this study was used for the light supply when
the indoor culture method does not allow for getting direct sunlight.

(a)

(b)

Figure 3. Cultured Spirulina platensis: (a) Spirulina platensis crops are ready to be tested;
(b) Density of spirulina seen under microscope
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Wang et al. (2007) study shows that photo-period manipulation with different light
intensity hase a significant effect on the content of bioactive pigments (chlorophyll-a) in
Spirulina platensis growth. Manipulation of light spectrum (Ramanna et al., 2017) also would
allow maximum microalgae utilization and biomass productivity.
3. 2. Secondary metabolite of Spirulina platensis
The qualitative phytochemical screening test result is presented in Table 2. The result
shows that fresh Spirulina platensis presents a positive effect on flavonoids, steroids,
triterpenoids, phenols, and saponins. This result is in agreement with Firdiyani et al. (2015).
The results of the phytochemical screening test from Spirulina platensis extract using acetone
solvents showed positive effects on phenolic, triterpenoid, steroid, flavonoid, and saponin
compounds.
Table 2. Secondary metabolite of Spirulina platensis.
Secondary Metabolite
Compounds

Result

Alkaloids



Flavonoids

+

Steroids

+

Triterpenoids

+

Phenols

+

Saponins

+

Tannins



Alkaloid compounds in the phytochemical screening test showed negative results, namely
by not forming white or brown deposits. Tannin compounds also show negative results marked
by no change in color to green or reddish. Secondary metabolites that showed positive results
on the phytochemical screening test were thought to support the antioxidant activity of
Spirulina platensis. These compounds had a potential as natural antioxidants that can counteract
free radicals. Hirata et al. (2000) stated that compounds that have antioxidant activity are
zeaxanthin, α-tocopherol, and phycocyanin, for example, linoleic acid.
3. 2. Antioxidant activity of Spirulina platensis
The antioxidant activity of fresh Spirulina platensis with the DPPH method performed at
various concentrations showed different inhibition percentage values. Absorbance reading of
fresh Spirulina with various concentrations of free radicals using spectrophotometer results in
the curve, as presented in Figure 4, while the absorbance reading of Vc with multiple
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concentrations of DPPH free radicals obtained is shown in Figure 5. The results showed that
with increasing concentration, the inhibitory ability also increased in the deterrence of free
radicals.
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Figure 4. Antioxidant Potential Curves for Spirulina platensis Against Free Radicals DPPH
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Figure 5. Vc Potential Antioxidant Curves Against Free Radicals DPPH

The result shows that the higher the level of fresh Spirulina platensis, the higher the
inhibition percentage value. These phenomena are due to the increasing number of samples.
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The higher the antioxidant content so that it also affects the level of inhibition of free
radicals was carried out by these antioxidant substances, Teng and Lee (2014).
The quantitative antioxidant activity of the test Spirulina platensis was carried out using
the DPPH method expressed in IC50 value. Test results of Value of IC50 shows that Spirulina
platensis has a very weak level of antioxidant abilities compared to Vc (Table 3). Each type of
Spirulina platensis has different antioxidant abilities. This is due to the varied the content of
secondary metabolites contained, especially in the content of phenolic compounds and
alkaloids, which are responsible for antioxidants. Antioxidant activity of Spirulina platensis
fresh is classified as very weak, presumably because it is a fresh preparation wherein the
antioxidant compounds are not yet pure.
The results in following Wikanta et al. (2005) study show, the low antioxidant activity
can be due to the presence of impurities found in the sample. Although its antioxidants include
a very weak category of spirulina, it has been classified as having antioxidant potential. Scale
up production of spirulina cultivated by an open pond with freshwater shows that this method
was environmentally friendly as a part of spirulina tablet production (Ye et al., 2018)
Table 3. Value of IC50 Spirulina platensis and Vc.

Name of Sample

Vc (Ascorbic Acid)

Spirulina platensis

Antioxidant Capacity (Molyneux, 2004).
Sample
IC50 Concentration
IC50 Concentration
(ppm)
Category
Description
(ppm)
1

< 50

Very Strong

2

50 - 100

Strong

3

100 - 150

Moderate

4

150 - 200

Weak

5

>200

Very Weak

2.085

647.045

4. CONCLUSIONS
This study demonstrates the utilization of Spirulina platensis cultivation using the
Laboratory-scale closed reactor system. The filtering results of spirulina biomass in the from
10.0 L of water produced 5.0±0.01 g of spirulina on a wet basis. Secondary metabolite contents
found in the fresh Spirulina platensis are Flavonoids, Steroids, Triterpenoids, Phenols, and
Saponins. The antioxidant activity of Spirulina platensis has an IC50 value of 647.045 ppm.
The potential as a source of natural antioxidants was categorized as a very weak capacity.
Therefore this study can be concluded that Spirulina platensis cultivated in Laboratory-scale
has a potential to act as antioxidant candidate. More research on improving biomass and
antioxidant content in the sample extract is worth to be conducted in the future.
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