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Abstract: Nutrients (C, N, and P) can affect the growth and biochemical content of Arthrospira platensis.
Ethanol can be a potential carbon source compared to glucose and acetic acid. Glycerol is also potential as a
carbon source for Arthrospira platensis. This research was carried out from June to July 2021 at the Aquaculture
Laboratory and Experimental Pond Laboratory of the Aquaculture Study Program, Sriwijaya University. The
research method used Completely Randomized Design (CRD) factorial with two factors consisting of the first
factor with three treatments and the second factor with two treatments and three replications. The inoculant was
cultured in liquid fertilizer technical F/2 media for culture stock as initial inoculum with a density of + 1.0 g L-.
Parameters observed were the density, the specific growth rate, and water quality. The results showed that M1S3
treatment had the highest density, reaching 4.95 g L and the highest specific growth rate of 0,33% per day.
ANOVA test result showed that the addition of carbon sources in the culture media of fertilizer and technical
waste had a significant effect (P<0.05) on the growth rate of Arthrospira platensis. The water quality parameters
of each treatment were suitable for Arthrospira platensis culture.
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1. Introduction

Arthrospira platensis (Spirulina) is a cyano-
bacteria that has been widely used in various
industrial sectors, both food, and medicine. Various
studies were carried out in cultivating Arthrospira
platensis in modifying nutrient sources, carbon
sources, lighting, temperature and providing nutrition.
It increases the growth rate, biomass and chemical
composition of Arthrospira platensis. Nutrients
(carbon, nitrogen, phosphorus) can  affect
microalgae’s growth and biochemical content, such as
Arthrospira platensis [1].

Research on the modification of nutrient sources
for Arthrospira platensis culture has been carried out,
one of which is using catfish culture waste as a
medium for Arthrospira platensis cultivation. This
study shows that the density rate of Arthrospira
platensis cultivated with catfish waste media is higher
than technical media, so it is necessary to add a
carbon source that can increase the fatty acid content
of Arthrospira platensis [2]

Ethanol can be a potential carbon source compared
to glucose and acetic acid in increasing the fatty acid
content of Arthrospira platensis using the fed-batch
method [3]. Besides ethanol, glycerol is also potential
as a carbon source to increase the concentration of
Arthrospira platensis fatty acids. Glycerol is a by-
product of biodiesel from the transesterification
reaction, in the form of a colorless, odorless, viscous
L)
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liquid with a sweet taste, and alcohol compound with
three hydroxyl groups [4].

Research on the chemical composition of glycerol
states that crude glycerol contains 96% methanol [5].
Another study on lipid production using glycerol in
Schizochytrium limacinum SR21 and Cryptococcus
curvatus produced the highest cellular lipid, 73.3%
[6].

This study aimed to analyze the effect of adding
different carbon sources, were glycerol and ethanol in
the cultivation of Arthrospira platensis cultured on
fish culture waste media and technical fertilizers on
the optimization of growth rate maximum density.

2. Material and Methods

2.1. Materials

The materials used in this study were, first,
Arthrospira platensis which was used in this study
previously cultured in liquid technical fertilizer F/2
media for culture stock as initial inoculum with a
density of + 1.0 g L-.. Second, the culture media from
catfish farming waste already two weeks and
technical fertilizers. Third, the carbon source consists
of ethanol and glycerol. Furthermore, the research
was carried out from June to August 2021 at the
Agquaculture Laboratory and Experimental Pond
Laboratory, Aquaculture Study Program, Sriwijaya
University, Indonesia.

http://dx.doi.org/10.22135/sje.2022.7.2,56-60 61



http://dx.doi.org/10.22135/sje.2022.7.1

2.2. Methods
2.2.1. Tools Preparation

The equipment used in this study was cleaned first
by washing it with soap, then drying it and finally
spraying it with 70% alcohol. It aims to minimize
contaminants that can inhibit the productivity of
Arthrospira platensis. The equipment used in this
study was cleaned first by washing with soap and then
drying and finally spraying with 70% alcohol to
minimize contaminants that can inhibit the
productivity of Arthrospira platensis.

2.2.2. Preparation of growing media for Arthrospira
platensis

The culture media used were catfish culture waste
and technical fertilizer. The culture media from
catfish culture waste was first filtered using a 30-40
micron Asahi cloth to minimize waste water from dirt
and insoluble feed residue. After filtering, the media
water is cooked to a boil to kill microorganisms. Then
cooled and given baking soda so that the pH level of
the water becomes 8 - 8.5 and salt to a salinity of 30 +
1 ppt; the last is left for 12 hours. The catfish culture
waste comes from an intensive catfish rearing pond
measuring 1m x 1m x 1m. The water was put into the
500 liter pond and 100-150 -catfish seeds are
stocked/m; the seed size was 5gr/head (SNI
6484.3:2014). Maintenance time for 14 days by
feeding 5-6 mm floating pellets (30-32% protein, 4%
fat, 5% fiber, 13% ash, and 10% moisture content)
was given three times a day at satiation without any
water change.

2.2.3. Culture and Harvesting of Arthrospira
platensis

Arthrospira platensis was previously cultured in
liquid fertilizer technical media F/2 for culture stock
as initial inoculum with a density of £ 1.0 g L. The
stock of Arthrospira platensis was put into 10 liters of
aerated catfish culture wastewater and lighting using a
36 watt TL lamp (1500 - 1700 lux) for 24 hours/day.
Harvesting of Arthrospira platensis was carried out in
an exponential phase to a stationary phase. Harvesting
was done by filtering using a 30-40 micron Asahi
cloth [7]. Athrospira platensis was then weighed on
wet weight and then put into a porcelain exchange
and then dried in an oven at 40°C for 18 hours [8].
And then mashed using a mortar.

2.2.4. Experimental variable and analytical
procedures
The research  method used Completely

Randomized Design (CRD) factorial with 2 factors
consisting of the first factor with three treatments and
the second factor with two treatments and three
replications. The first factor is the treatment of carbon
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sources (S), were SC = control, SG = glycerol, and
SE = ethanol. The second factor is the treatment of
culture media (M), were WM = catfish culture waste
media, FM = technical fertilizer media.

The data obtained were analyzed by analysis of
variance (ANOVA) at the 5% level using the SPSS
24 program to determine the effect of the treatment to
being tried. If the test results are significantly
different, further tests were carried out that are
adjusted to the magnitude of the of diversity
coefficient. [9].
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Figure 2. Culture Media using Technical Fertilizer

2.3. Data Analysis

The density of Arthrospira platensis was measured
using the wet and dry weight methods. Calculation of
the specific growth rate of Arthrospira platensis was
done using the formula [10]. Checking the water
quality on the culture media was carried out once a
day during the culture period.

3. Results and Discussion

3.1. Density

The research observations carried out for 12 days
of the culture process showed that adding different
carbon sources (glycerol and ethanol) in the culture
media of cultivation waste and technical fertilizers,
the average density of Arthrospira platensis was
shown in Table 1. Based on the data from Table 1, it
is known that the highest achievement of the density
of Arthrospira platensis culture for each treatment
occurred at the same time were the eight- day with the
maximum density value of each treatment.

http://dx.doi.org/10.22135/sje.2022.7.2,61-66 62



http://dx.doi.org/10.22135/sje.2022.7.1

Table 1. Density Data for Arthrospira platensis (g L™)

0js.pps.unsri.ac.id

Factor M .
Factor S WM EM Main Effect of Carbon Source (S)
SC 3,0600? 3,09672 3,0783?
SG 3,2267%® 3,2800%%°¢ 3,2533?
SE 3,5400° 3,4800™ 3,5100°

Notes: Numbers followed by the same letter in the same column mean that they are not significantly different at the

5% test level (Duncan)

The results of the analysis using the ANOVA test
showed that the single factor of carbon source
treatment (S) had a significant effect on the growth of
Arthrospira platensis with a significance value less
than 0.05 (P<0.05). Then Duncan's further test was
carried out for the carbon source treatment factor (S).
Treatment SC (control) was not significantly different
from treatment SG (glycerol), but treatment SE
(ethanol) was significantly higher than for the other
treatments. The addition of carbon (S) sources as one
of the nutrients can be a solution to accelerate the
growth of microalgae [12].

The single factor treatment of culture media (M)
was not significantly different (P> 0.05). It means that
the culture media (M) of aquaculture waste media and
technical fertilizers media do not effect on the growth
of Arthrospira platensis. In addition, it can also be
seen that the use of aquaculture waste as a culture
medium for Arthrospira platensis produces an effect
that is not much different from the use of technical
fertilizers as a culture medium. Even the use of
aquaculture waste as an alternative culture medium
has advantages over technical fertilizers. Because
besides being able to reduce pollution, microalgae can
grow better on aquaculture waste media [11].

The addition of growth nutrients into microalgae
culture media is considered the most influential aspect
of the biomass produced by microalgae cultivation
[13]. Ethanol contains lipid elements (C, H, O) that
have lower bonds than glycerol, where these elements
have the primary reserve function as an energy source
[12].

Based on the results of the calculation of the
specific growth rate of Arthrospira platensis in each
different treatment, as shown in Figure 2, the specific
growth rate of WMSC treatment reached 0.19 % per
day. WMSG treatment reached 0.20 % per day,
WMSE treatment reached 0.33 % per day, FMSC
treatment reached 0.16 % per day, FMSG treatment
reached 0.20 % per day, FMSE treatment reached
0.22 % per day.

The addition of ethanol (SE) as a carbon source
resulted in a better growth rate than the addition of
glycerol (SG), as shown in Table 1, this was
indicated by the high cell density of Arthrospira
platensis reaching 4.95 g L in the WMSE treatment
and 4.23 g L in FMSE treatment. Based on Figure
4, the growth pattern of Arthrospira platensis follows
the normal growth pattern, were through the lag
phase (adaptation phase), exponential phase (log
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phase), stationary phase (decreased log phase), and
death phase [14].
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Figure 4. Growth Rate Curve of Arthrospira
platensis

The exponential phase is indicated by a
significant and comparable increase in the growth
graph from day 2 to peak population density on day
8. In this phase, there is a very fast growth marked by
an increase in the daily population density. In this
phase, it is assumed that WMSE and FMSEtreatment
media contain the nutrients needed by Arthrospira
platensis to breed. Nutrient factors are important
factors that need to be considered in the growth of
microalgae. The nutrients needed by microalgae
consist of macronutrients and micronutrients [15].

After reaching the peak of growth on the eighth

http://dx.doi.org/10.22135/sje.2022.7.2,61-66 63



http://dx.doi.org/10.22135/sje.2022.7.1

day, there was no additional density on the ninth day
because the growth rate was balanced with the death
rate (stationary phase) due to the limited nutrient
content in the culture media. In this phase, the rate of
reproduction or cell division is the same as the rate of
death in the sense that the addition and reduction of
plankton are relatively the same so that the density of
plankton tends to remain constant [16].

The death phase in each treatment was
characterized by population growth that continued to
decrease with time of culture and the death rate was
higher than the growth rate until it finally reached the
death phase on day 12. In this phase of death, the rate
of death is faster than the rate of reproduction and the
number of cells decreases geometrically due to the
depletion of nutrients in the medium and energy
reserves in the cells. The speed of death is influenced
by nutrient conditions, environment and types of
microalgae [17].

3.2. Water Quality

The growth of Arthrospira platensis (Spirulina) is
not only influenced by the nutrient content in the
culture media that is given the addition of a carbon
source but is also influenced by environmental
factors. Environmental factors that support the growth
of Arthrospira platensis are temperature, pH,
dissolved oxygen (DO), and salinity.

Table 2. Water Quality of Arthrospira platensis
Culture Media

Parametere Unit Result
Temperature °C 33-34
pH 8.2-8.38
Dissolved oxygen (DO) mgL? 49-59
Salinity ppt 20

Based on Table 2, the observations on each
treatment using culture media for cultivation waste
and technical fertilizers with the addition of different
carbon sources and control treatments indicate that
the treatment temperature at the time of the study was
still suitable for the growth Arthrospira platensis.

Temperature is a factor that determines the growth
of microalgae. Generally, under laboratory
conditions, changes in the temperature of the water
media are influenced by room temperature and light
intensity [18].

During the study the temperature of the culture
media of Arthrospira platensis (Spirulina) ranged
from 33-34 °C. It was appropriate because Spirulina
sp. belongs to mesophilic microalgae, which can grow
at a temperature of 20 — 40 °C with an optimum
growth temperature of 25 — 33 °C [19].

The increase in the pH value in the treated water
media is caused by the decomposition of proteins and
other nitrogen compounds [20]. The pH range value
obtained from the measurement results during the
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study was in the range from 8.2 to 8.8. The range was
suitable for culturing Spirulina sp. which is known
that the optimal pH for the growth of Spirulina sp.
ranged from 7 — 11 [21]. It is following the
measurements on the research culture media to be
said that the pH of the culture media is optimal.

Dissolved oxygen (DO) in culture media is needed
by microalgae. for the respiration process. In this
study, the source of oxygen in the culture media came
from the provision of aeration and the photosynthetic
process of Arthrospira platensis (Spirulina). The DO
value at the time of culturing in each treatment ranged
from 4.9 — 5.9 mg L. This value was suitable for the
growth of Arthrospira platensis (Spirulina). DO
levels of 3.0 — 5.0 ppm are less productive, while 5-7
ppm are high productivity and above seven ppm are
very high in productivity. DO in culture media that
has a value of > 5 mg L™ is good for phytoplankton
growth [22][23].

The salinity range during the study was 20 ppt,
which means that the salinity of the culture media
from the beginning of cultivation to harvesting was
stable and still in a good salinity range for the growth
of Arthrospira platensis (Spirulina). Salinity affects
organisms in maintaining osmosis with their
environment. Spirulina sp is euryhaline with a salinity
range between 15-30 ppt [24].

4. Conclusion

The addition of different carbon sources had a
positive effect on increasing the density and growth
rate of Arthrospira platensis (Spirulina). The addition
of the highest carbon source of ethanol occurred in
the culture media of aquaculture waste (WMSE) with
a density of 4.95 g L and a specific growth rate of
0.33% per day. The use of aquaculture waste culture
media resulted in better growth than technical
fertilizers.
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