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Abstract. Arthrospira is a cyanobacteria that contains high levels of protein, fatty acids, minerals, vitamins,
amino acids, and phycocyanins. The cultivation of Arthrospira plantesis is constrained by fertilizers that have
relatively high prices, so alternative fertilizers are used, one of which is catfish waste which has sufficient
nutrient content for the growth of A. platensis which can be integrated as IMTA (Integrated Multitrophic
Aquaculture) Clarias-Arthrospira. Cultures of A. platensis on a mass scale often use open culture ponds in the
form of raceway because they are easy to handle. Raceway pond agitation uses pedals that rotate for 24 hours
leading to high electricity usage costs which account for 23% of total production costs. This study aims to
determine the efficient stirring time on the growth of microalgae A. platensis. This study used 3 treatments
with different stirring frequencies, namely treatment 1 stirring for 24 hours (T24), treatment 2 stirring for 12



hours (T12), and control using aeration for 24 hours (TC). After harvesting the biomass, the water from
filtration has flowed into the catfish rearing container. Parameters observed were daily density of A. platensis,
specific growth rate of A. platensis, renenue-cost (R/C) ratio, return of investment (ROI) and feed conversion
ratio of catfish rearing that was used for A. platensis production. The results of the specific growth rate of A.
platensis in this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximum density at TC
and T12 was 0.8 g.L! on day 10 while at T24 0.8 g.L* on day 9. Revenue Cost (R/C) ratio can be reached at
TC 0.94, T24 1.09, T12 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments with
A. platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04 respectively.
The stirring using a raceway container for 12 hours produced the best results compared to other treatments.
Keywords: A. platensis, b/c ratio, Clarias catfish rearing, raceway.

Introduction.

Aquaculture techno-economics is a complete study to scale up aquaculture business
from pilot plant scale to mass scale or industrial scale, to ensure environmental-system
stability and economic analysis of the feasibility of aquaculture. The development of fish
farming is being intensified as an effort to meet the food needs of the community, especially
protein. The Ministry of Maritime Affairs and Fisheries (KKP) launched the 2021 KKP slogan,
which is to drive aquaculture by paying attention to environmental sustainability and
encouraging community economic turnover (Antara, 2021). The increasingly limited land and
water for fish cultivation make the need for zero waste aquaculture technology that is
approached with a recirculation system (Ramli et al 2020). The productivity of fish farming
pond recirculation systems can be increased by using the IMTA (Integrated Multitrophic
Aquaculture) system. Integrated multi-trophic aquaculture (IMTA) is a production system of
aquatic biota in which various species, different trophic levels, are raised near each other and
the by-products (organic and inorganic waste) of one cultured species are recycled to be used
as nutrients for other biotas. IMTA can reduce the ecological impact around aquaculture
operations, increase social perceptions of aquaculture, and provide financial benefits to
aquaculture actors through product diversification, faster production cycles, and better
income on IMTA products (Knowler et al 2020). The concept of fish production and
remediation aquaculture commodities such as microalgae and cyanobacteria with high
economic value can be an alternative for zero waste swamp aquaculture systems.

Cyanobacteria have been shown to be a rich source of biologically active secondary
metabolites including antiviral, anti-inflammatory, immunostimulant agents, and their
medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et al 2020). Tiwari and
Tiwari (2020) have summarized and updated therapeutic applications. Cyanobacteria in drug
development, with the introduction of the new term "cyanotherapeutics”, after many studies
have shown that these cyanobacteria have immunomodulatory, antitumor-anticancer,
antiviral-antiHIV, antibacterial, antimalarial, antidiabetic activities which are specific
characters for drug candidates (Naidoo et al 2020). Arthrospira which is the only
cyanobacteria that is safe for consumption free of toxins can be used to treat wastewater,
including waste from fish farming because biomass can metabolize nutrients and remove
pollutants from aquaculture waste efficiently (Zhang et al 2019). Treatment of industrial
waste and by-products can be used for alternative culture media for Spirulina (Arthrospira)
production as well as fish farming wastewater (Wijayanti et al 2018; Widyantoro et al 2018;
Ragaza et al 2020). Arthrospira (Spirulina) cultivation in fish pond wastewater can have
certain characteristics. Their adaptation growing in organic wastewater makes changes in the
bioactive and production of important compounds. Arthrospira biomass has a nutritional value
of 55-70% protein, 6-10% lipid 20% carbohydrates, in addition to being rich in minerals,
vitamins, and pigments (Vernes et al 2015; Borowitzka et al 2016; Wijayanti et al 2020).
Phycocyanin is a pigment in Arthrospira that functions as an antioxidant, a source of food
coloring, cosmetics, pharmaceuticals, and drugs (Tang et al 2020; Tiwari & Tiwari, 2020),
anti-inflammatory, antioxidant, and anticancer (Liu et al 2013). Arthrospira cultured in catfish
culture waste media 100% laboratory-scale bulk system can produce a maximum density of
0.867 grams dry per liter, the growth rate of 22.026%. day-1 and 11,347 mg.g-1 phycocyanin



yield and able to reduce nitrogen waste by more than 80% and phosphate by more than 70%
(Wijayanti et al 2020).

The design of the cyanobacterial bioreactor has an effect on the important
phytobiochemical content contained in the post-harvest biomass. Determination of the design
and culture system that is better and low-cost, will increase the practical and economic
feasibility of integrating cyanobacteria in aquaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aquaculture
recirculating system (Ramli et al 2020). Increasing the scale of production from a closed
system to an open system is an important step for the stability of product quality and quantity,
the technological and economic feasibility of the IMTA system. The pilot-scale is used for
commercial-scale preparation. Open pond bioreactors are often used because they are easy
and inexpensive to maintain (Mutiah and Khoirunisa, 2013). There are two types of open pond
bioreactors, raceway, and circular/central pivot ponds. Circular ponds where mixing is done
by agitators or raceway ponds with a paddle wheel agitation system (Fazal et al 2018). De
Jesus et al. (2018) showed that 24-hour stirring resulted in a biomass concentration of 1.60
+ 0.04 g L—1, biomass productivity of 0.054 £ 0.003 g L—1 h—1, and a specific growth rate
of 0.05 = 0.002 h—1 on the coast of Bahia in the city of Salvador, Brazil, and in the city of
Camaqua, Brazil it's yield density of 0.90 + 0.02 gL—1, biomass productivity of 0.009 + 0.001
glL—1 h-1 and specific growth of 0.02 £ 0.001 h—1. However, stirring for 24 hours resulted
in the use of high electrical energy.

Jonker and Faaij (2013) concluded the electric energy consumption of stirring is 23%
of the total energy demand. The difference in the stirring time of A. platensis culture with
catfish culture wastewater has never been studied before. Therefore, it is important to study
differences in the length of time for stirring Arthrospira culture media to make electricity use
efficient and maximize the growth of spirulina in catfish culture wastewater media by knowing
the highest maximum population density of Arthrospira.

Material and Method

This study was conducted at Laboratory of Aquaculture, Sriwijaya University,
Indralaya, Ogan Ilir, South Sumatra, Indonesia. The experimental design used in this study
was a Randomized Block Design using 3 treatments of agitation methods: control using 24-
hour aeration. day-1 (TC), stirring period 24 Hours. day-1(T24), stirring period 12 Hours.
day-1 (T12). The replications of culture time cycling were first culture cycle, second culture
cycle, and third culture cycle of integrated Clarias catfish- Arthrospira culture.




Figure 1. Design of integrated Clarias catfish- Arthrospira culture in this study

Preparation of Arthrospira Growing Media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium. The density of catfish
reared is 500 fish/m3 with a size of 12+1 cm with a salinity of 4 ppt (Sitio et al 2017) and a
pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance of catfish fed floating pellets
protein 31-33%. Feed is given 2 times a day (morning and evening) at satiation. No water
changes are made during fish rearing. After rearing the catfish, the wastewater from catfish
farming is taken and filtered using a 30-40 micron cloth to clean the wastewater from dirt
and insoluble feed residue.

Culturing and Harvesting Arthrospira platensis. A. platensis used was first cultured as
initial stock inoculum with a minimum density of £ 1.0 g L-1. Then the A. platensis seeds
were put into the catfish culture wastewater media, with an initial density of £ 0.1 g L-1. The
lighting time with the help of fluorescent lamps is 12 hours (Oktafiani and Hermana, 2013;
Budiardi et al 2010). Agitation was carried out using a mill with a speed of 5-6 RPM. The
control was aeration using an aerator for 24 hours, treatment 1 was stirred for 24 hours,
while in treatment 2 the stirring was for 12 hours (06.00 am -6.00 pm).

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis is carried out using a cloth filter measuring 30-40 microns
(Wijayanti et al 2020). A. platensis was filtered with a cloth then weighed the wet weight and
then put into a porcelain crucible then dried in an oven at 40°C for 18 hours (Afriani et al
2018 Modification), then mashed using a mortar.

Phycocyanin Extraction. The dry biomass of A. platensis was taken 0.04 g and added 1 ml
of phosphate buffer pH 7, homogenized, and then frozen in the freezer for 24 hours at -4°C.
After 24 hours from the freezer, the thawing process was carried out (at room temperature)
for 15 minutes. Samples were centrifuged for 30 minutes at 3000 rpm. The precipitate and
supernatant were separated. The supernatant produced is phycocyanin which will be analyzed
using the method of Bennett and Bogorad (1973).

Daily Density Measurement. 1n this study, the initial density of A. platensis was measured
using 1 milliliter of A. platensis culture samples in each treatment with 3 replications. The 1
milliliter water sample was put into a pre-weighed aluminum foil bowl. The wet samples were
then dried in an oven at 40 oC for 18 hours. The dried water sample after the oven was
reweighed to obtain dry weight biomass. The dry weight of A. platensis biomass was then
converted to g.L-1. Measurement of the density of A. platensis was carried out in each
treatment every day at the same hour.

Arthrospira platensis Daily Growth Rate. The daily growth rate of A. platensis can be
calculated using the following formula (Vonshak, 2002):

p =In Nt —In No x 100%
t
W= Daily growth rate (% day-1)
No = Initial density (g L-1)
Nt = Density at time t (g L-1)
t = Time (days) from No to Nt

Reduction of Total Nitrogen Content. Reduction of total nitrogen content in the media



was carried out at the beginning and end of the study (1 day after the peak phase in each
treatment).

Measurement of Phycocyanin Yield. Measurement of phycocyanin yield was carried out
after passing through the exponential phase (harvest), the measurement refers to Bennett
and Bogorad (1973). The extracted supernatant was measured for absorbance using a
spectrophotometer at wavelengths of 615 nm and 652 nm.

C-phycocyanin (mg mL-1) = (0D 615) 0.474 (0D 652)
5.34
Phycocyanin yield (mg g-1) = C-phycocyanin x V
DB
C-phycocyanin = C-phycocyanin concentration (mg mL-1)
V = Volume of solvent (ml)
DB = Dry Biomass (0.04 g)
0.474 and 5.34 = Coefficient of extinction (Bennett and Bogorad, 1973)

Business Analysis. Profit calculation is done by R/C Ratio and ROI, which is calculating the
selling price of catfish and A. platensis dry biomass divided by production costs including feed
costs, electricity usage for biomass production, and drying time for one production cycle in
each treatment.

RCR = Total Revenue ROI = Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is presented
in graphical form. Specific growth rate data, phycocyanin yield, reduction of total nitrogen,
R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion

Maximum density of A. platensis. The daily density of A. platensis for each culture
treatment. The time of achieving the highest peak density of A. platensis in each treatment
was different. The maximum density in treatment TC was 0.645 g L! on day 8, in treatment
T24 it reached 0.693 g L! on day 8, in treatment T12 it reached 0.690 g L'! on day 9. The
maximum density of A. platensis on each treatment can be seen in Figure 2.

Biomass density (g L")

. Day



Based on Figure 2, it can be seen that the highest density of A. platensis was in the T24
treatment with a biomass of 0.693 g L'! and T12 with an average biomass of 0.690 g L},
while the lowest density was in the TC treatment which had an average biomass of 0.645 g
L1,

Maximurm density (g L)

Table 1
Maximum density of A patensis in treatment stirring on A. platensis culture media from
Clarias waste water

The effect of

Treatment of Group of cycle treatment (T)
stirring media 1 2 3
TC 0.80 0.65 0.52 0.66 £0.14
T24 0.80 0.68 0.67 0.72 £0.07
T12 0.80 0.66 0.61 0.69 £0.10

Based on Table 1, the highest density of A. platensis was seen in replicate 1 with a biomass
of 0.800 g L! and after that, it decreased gradually to 0.662 g L'! and 0.600 g L™!. The high
and low density of A. platensis was determined by the nutrients that were still present in the
cultivation medium. The N ratio affects the growth of microalgae and the level of light intensity
that enters the media. The maintenance of A. platensis describes the growth phase from the
first day to the 10th day slowly, because of cells adapting to the new environmental
conditions. All treatments had an average increase on day 8. This explains that the growth of
A. platensis cells undergo division. The existence of cell division causes the growth of A.
platensis to run quickly because the growth medium of A. platensis is rich in nutrients that
are needed for its growth. On day 8 the maximum density of A. platensis culture was reached.
After the 8th day, all treatments experienced a decline (death) phase on average. This is
caused the number of nutrients in the media had decreased. However, A. platensis cells were
still able to divide but the number was not as large as in the growth phase.

According to (Budiardi et al. 2010), the death phase is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in growth
of A. platensis occurs due to reduced nutrients caused by the increase in A. platensis biomass,
as a result, biomass needs to compete for nutrients in the culture medium. In addition, the
denser the biomass results in the reduced intensity of light entering the culture media so that
it can interfere with the biomass to carry out photosynthesis. The pinwheel and aeration aid
in the agitation of the medium containing nutrients and algae so that all cells are thoroughly



exposed to the nutrients and light supplied. In addition, the agitation caused by the velocity
of the bubbles produced was not good because not all parts of the cells were exposed to the
nutrients from the medium. High bubles aeration can also give less than optimal results on
biomass density in the Arthrospira culture (Jung et al 2019)

Specific Growth Rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of the
media on algae growth (Santosa, 2010). The value of the specific growth rate of A. platensis
for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d1)
0,3

0,25
0,2
0,15
0,1
0,05

0

ETC mT24 mT12

Table 2
Specific growth rate of A patensis in treatment stirring and on A. platensis culture media
from Clarias waste water

The effect of
Treatment of

=d ) Group of cycle treatment (T)
stirring media
1 2 3
TC 25.99 15.05 22.19 21.08 + 2.07
T24 25.99 19.27 18.22 21.16 + 4.22
T12 25.99 20.97 16.35 21.11 + 4.82

Based on the results in Table 2, the treatment control gave the best specific growth rate value
of 23.625% per day. The 24 hours stirring gave the lowest growth rate value of 21.105% per
day. Although, the specific growth rate of A. platensis biomass in all of the results of the
treatment is not different significantly. The high growth rate is caused by sufficient carbon
dioxide which is diffused with aeration bubbles. According to de Godos et al. (2014), the
growth rate is influenced by the limitations of carbon dioxide in the media. Under phototrophic
growth conditions in raceway pond cultures, the carbon dioxide becomes very limited. It can
be at least 5% of the carbon required by algal cultures is released directly into the atmosphere
from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle of
culture. In the first cycles of culture, the biomass had better conditions than in the third
cycle. The biomass of A. platensis needs the micronutrient for growth. The wastewater
medium is less micronutrient for enhancing growth. It can be suggested for adding the
micronutrient such as vitamins and trace minerals in the culture media for increasing the
performance of A. platensis cells, especially for enhancing the growth. According to
Borowitzka & Vonshak (2017), potential issues with the recycling of media are selective
enrichment of culture-contaminating organisms or unwanted cell morphologies; build-up of
specific ions which negatively affects the growth of the algae; build-up of autoinhibitory; an



increase in dissolved organic matter due to cell breakage during harvesting; and carry-over
of flocculant leading to flocculation of the cells in the culture. The medium to be recycled may
need some pre-treatment or conditioning before it is returned to the culture ponds. Medium
recycling is successfully practiced by most large-scale commercial algal producers.

Reduction of Total Nitrogen Content. Ammonia in the form of ammonium is used by A.
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae growth
is generally absorbed in the form of nitrate (NO3-). Nitrate is further reduced by nitrite
reductase to nitrite and then reduced to ammonium (NH4+) so that it can be synthesized
through various amino compounds in Spirulina (Widyantoro et al 2018). The percentage of
nitrogen reduction can be seen in Table 3.

Table 3
Reduction of Total Nitrogen Content in A. platensis culture media

Treatment of The effect of

stirring media Group of cycle treatment (T)
1 2 3

TC 97,54 98,82 98,76 98,38 + 0.73

T24 99,28 99,19 99,01 99,16 + 0.14

T12 92,75 95,71 98,07 95,51 + 2.66

Based on the results presented in Table 3 shows that the percentage reduction in nitrogen
content in treatment T24 (99.161%) is higher than in treatment TC (98.373%), and T12
(95.507%). However, based on analysis of variance between treatments and groups, the
percentage reduction of nitrogen content had no significant effect. A. platensis in T24
treatment was able to utilize more nitrogen content. In this study A. platensis in wastewater
Clarias catfish can reduce total nitrogen media by more than 95%. The study of A. platensis
in wastewater nile tilapia reared in biofloc system media can remove the nitrogen, such as
NOs-N uptake of 99%, 80% of TAN and 90% of NO2-N for 10 days (de Moraes et al 2021).
Ammonia can remove 87,77 £ 1,01% by Spirulina platensis cultured in wastewater Pangasius
catfish reared for 10 days (Wijayanti et al 2018). Thus, given the results obtained, besides
being able to grow in wastewater, A. platensis can also be used in bioremediation processes
of aquaculture wastewater.

Phycocyanin yield. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of phycocyanin
was obtained from TC which was an average of 0.464 mg mL-1. While the lowest levels of C-
phycocyanin were in treatment 1 with an average of 0.39 mg mL-1. The yield value of
phycocyanin A. platensis for each treatment is presented in Table 4.

Table 4
Phycocyanin(%) yield in Arthrospira dry biomass at 10 days after inoculation

The effect of
Group of cycle treatment (T)

1 2 3
TC 5,098 1,192 5,315 3.87 +2.32

Treatment of
stirring media




T24 5,043 2,391 2,318 3.25+1.55
T12 3,300 2,697 4,350 3.45 + 0.84

The results of the analysis of variance showed that the stirring time and the different
groups were not significantly different from the phycocyanin yield. The highest phycocyanin
yield was obtained in the treatment using an aerator for 24 hours day-1 (3.87%) and the
lowest was in the stirring treatment using a propeller for 24 hours day-1 (3.25%). According
to Zhou et al (2017), pH and salinity conditions of the maintenance media can affect protein
levels in A. platensis cells, differences in salinity affect the external osmotic pressure of A.
platensis cells causing changes in cell composition, especially phycocyanin. The environment
includes the availability of nutrients, pH, salinity, light, and temperature can affect the growth
and accumulation of bio pigments from biomass of microalgae (Sharma and Tiwari 2011).

Business Analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish is IDR
19,000 kg-1, the price of feed is IDR 11,000 kg-1, the price of electricity is IDR 1,445 kWh-
1, the price of salt is IDR 5,000 kg-1 and the selling price of catfish IDR 22,000 kg-1, selling
price of A. platensis IDR 500 g-1, with investment in tools such as a dynamo (4 watts) IDR
18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of 4 years, two
aerators (10 watts) IDR 37,000 with a service life of 3 years, containers IDR 80,000 with a
service life of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life of 4 years and
Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/ C Ratio and ROI in each
treatment and group. Business analysis can be seen in Table 5 and Table 6.

R/C Ratio (Return Cost Ratio) is a comparison between total revenue and production
costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, then the business is
efficient and profitable, R/C ratio = 1, then the farm is breaking even, and R/C ratio < 1, then
it is not efficient or harmful. ROI (Return On Investment) is a comparison between the total
profit and production costs in percent. There are three criteria in ROI : ROI is positive, then
the business is efficient and profitable, ROI = 0, then the farm is break-even, and ROI is
negative, so it is not efficient or detrimental.

The results of the Honestly Significant Difference test showed that the R/C ratio and
ROI in treatment TC (aeration for 24 hours day-1) were significantly lower than treatments
T24 and T12. But, treatments T24 and T12 were not different significantly, although the
highest value was in the T12 treatment. In the T12 treatment, the R/C Ratio and ROI were
the highest, while in the control treatment the R/C Ratio and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of electricity
up to 46% of the total production cost, so it was less economical if done in cultivation.

Table 5
Components of production costs and revenues to calculate Revenue Cost Ratio (R/C) and
Return of Invesment (ROI) in A. platensis culture integrated with Clarias catfish rearing
systems
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Table 6
Revenue Cost Ratio (R/C) and Return of Invesment (ROI) in A. platensis culture integrated
with Clarias catfish rearing systems, and the feed convertion ratio of the catfish rearing

Feed Convertion Ratio

Treatment of Mean of R/C value Mean of ROI value . ,

stirring media (HSDqo0.05= 0.069) (HSDao0.05= 6.882) (FCRr)e;nri(r.]TZtﬁsh
TC 0.942+0.050 @ -5.756+5.025? 1.38+4+0.33
T24 1.098+0.059 9.821+5.907° 1.30+0.30
T12 1.120+0.068 b 12.013+6.842P 1.04+0.40

In T12's first production cycle, the average cost of feed was IDR. 3,458, catfish was IDR.
12,780 and catfish earn IDR. 21,294, product A. platensis flour was IDR. 9,850 with a total
income of IDR. 31,144 with a profit of IDR. 1,585 from production costs of IDR. 29,559 (A
platensis in 30 liters of media and 20 fish). If A. platensis in 12,000 liters of media and 8,000
fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788 with a production
cost of IDR 6,929,908 in 1 cycle, if in 1 year of production there are 26 cycles then the profit
will be obtained reached IDR. 143,722,495.

Conclusions. The utilization of catfish culture wastewater for the culture of A. platensis with
different treatments and stirring time gave a significant effect on business analysis, but no
effect on the maximum density and the growth rate of A. platensis, the reduction of total
nitrogen content in the media, and the yield of phycocyanin. The best growth rate and total
nitrogen reduction were obtained in treatment T24 (stirring using a mill for 24 hours per day).
The result of the business analysis was better using a raceway system with wheel rotation



than using an aeration system. The treatment stirring wheels 12 hours per day is the best
result for scaling up Arthrospira production at an outdoor integrated pond system.
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Abstract. Arthrospira is a cyanobacteria that contains high levels of protein, fatty acids, minerals, vitamins,
amino acids, and phycocyanins. The cultivation of Arthrospira plantesis is constrained by fertilizers that have
relatively high prices, so alternative fertilizers are used, one of which is catfish waste which has sufficient
nutrient content for the growth of A. platensis which can be integrated as IMTA (Integrated Multitrophic
Aquaculture) Clarias-Arthrospira. Cultures of A. platensis on a mass scale often use open culture ponds in the
form of raceway because they are easy to handle. Raceway pond agitation uses pedals that rotate for 24 hours
leading to high electricity usage costs which account for 23% of total production costs. This study aims to
determine the efficient stirring time on the growth of microalgae A. platensis. This study used 3 treatments
with different stirring frequencies, namely treatment 1 stirring for 24 hours (T24), treatment 2 stirring for 12
hours (T12), and control using aeration for 24 hours (TC). After harvesting the biomass, the water from
filtration has flowed into the catfish rearing container. Parameters observed were daily density of A. platensis,
specific growth rate of A. platensis, revenue-cost (R/C) ratio, return of investment (ROI) and feed conversion
ratio of catfish rearing that was used for A. platensis production. The results of the specific growth rate of A.
platensis in this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximum density at TC
and T12 was 0.8 g.L! on day 10 while at T24 0.8 g.L* on day 9. Revenue Cost (R/C) ratio can be reached at
TC 0.94,T24 1.09, T12 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments with
A. platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04 respectively.
The stirring using a raceway container for 12 hours produced the best results compared to other treatments.
Keywords: A. platensis, b/c ratio, Clarias catfish rearing, raceway.

Introduction.

Aquaculture techno-economics is a complete study to scale up aquaculture business
from pilot plant scale to mass scale or industrial scale, to ensure environmental-system
stability and economic analysis of the feasibility of aquaculture. The development of fish
farming is being intensified as an effort to meet the food needs of the community, especially
protein. The Ministry of Maritime Affairs and Fisheries (KKP) launched the 2021 KKP slogan,
which is to drive aquaculture by paying attention to environmental sustainability and
encouraging community economic turnover (Antara, 2021). The increasingly limited land and
water for fish cultivation make the need for zero waste aquaculture technology that is
approached with a recirculation system (Ramli et al 2020). The productivity of fish farming
pond recirculation systems can be increased by using the IMTA (Integrated Multitrophic
Aquaculture) system. Integrated multi-trophic aquaculture (IMTA) is a production system of
aquatic biota in which various species, different trophic levels, are raised near each other and
the by-products (organic and inorganic waste) of one cultured species are recycled to be used
as nutrients for other biotas. IMTA can reduce the ecological impact around aquaculture



operations, increase social perceptions of aquaculture, and provide financial benefits to
aquaculture actors through product diversification, faster production cycles, and better
income on IMTA products (Knowler et al 2020). The concept of fish production and
remediation aquaculture commodities such as microalgae and cyanobacteria with high
economic value can be an alternative for zero waste swamp aquaculture systems.

Cyanobacteria have been shown to be a rich source of biologically active secondary
metabolites including antiviral, anti-inflammatory, immunostimulant agents, and their
medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et al 2020). Tiwari and
Tiwari (2020) have summarized and updated therapeutic applications. Cyanobacteria in drug
development, with the introduction of the new term "cyanotherapeutics”, after many studies
have shown that these cyanobacteria have immunomodulatory, antitumor-anticancer,
antiviral-antiHIV, antibacterial, antimalarial, antidiabetic activities which are specific
characters for drug candidates (Naidoo et al 2020). Arthrospira which is the only
cyanobacteria that is safe for consumption free of toxins can be used to treat wastewater,
including waste from fish farming because biomass can metabolize nutrients and remove
pollutants from aquaculture waste efficiently (Zhang et al 2019). Treatment of industrial
waste and by-products can be used for alternative culture media for Spirulina (Arthrospira)
production as well as fish farming wastewater (Wijayanti et al 2018; Widyantoro et al 2018;
Ragaza et al 2020). Arthrospira (Spirulina) cultivation in fish pond wastewater can have
certain characteristics. Their adaptation growing in organic wastewater makes changes in the
bioactive and production of important compounds. Phycocyanin is blue pigment in microalgae
or cyanobacteria that have functions as antioxidant, source of food coloring, cosmetics,
nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al 2020; Tiwari &
Tiwari, 2020). Arthrospira cultured in catfish culture waste media 100% laboratory-scale bulk
system can produce a maximum density of 0.867 grams dry per liter, the growth rate of
22.026%. day! and 11,347 mg. g*! phycocyanin yield and able to reduce nitrogen waste by
more than 80% and phosphate by more than 70% (Wijayanti et al 2020).

The design of the cyanobacterial bioreactor has an effect on the important phyto-
biochemical content contained in the post-harvest biomass. Determination of the design and
culture system that is better and low-cost, will increase the practical and economic feasibility
of integrating cyanobacteria in aquaculture recirculation systems, thereby increasing the
potential for mass algae cultivation when scaling up this aquaculture recirculating system
(Ramli et al 2020). Increasing the scale of production from a closed system to an open system
is an important step for the stability of product quality and quantity, the technological and
economic feasibility of the IMTA system. The pilot-scale is used for commercial-scale
preparation. Open pond bioreactors are often used because they are easy and inexpensive to
maintain (Mutiah and Khoirunisa, 2013). There are two types of open pond bioreactors,
raceway, and circular/central pivot ponds. Circular ponds where mixing is done by agitators
or raceway ponds with a paddle wheel agitation system (Fazal et al 2018). De Jesus et al.
(2018) showed that 24-hour stirring resulted in a biomass concentration of 1.60 + 0.04 g L%,
biomass productivity of 0.054 + 0.003 g L=! h~!, and a specific growth rate of 0.05 + 0.002
h=! on the coast of Bahia in the city of Salvador, Brazil, and in the city of Camaquad, Brazil it's
yield density of 0.90 £+ 0.02 gL—!, biomass productivity of 0.009 £+ 0.001 gL~! h~! and specific
growth of 0.02 + 0.001 h~1. However, stirring for 24 hours resulted in the use of high electrical
energy.

Jonker and Faaij (2013) concluded the electric energy consumption of stirring is 23%
of the total energy demand. The difference in the stirring time of A. platensis culture with
catfish culture wastewater has never been studied before. Therefore, it is important to study
differences in the length of time for stirring Arthrospira culture media to make electricity use
efficient and maximize the growth of spirulina in catfish culture wastewater media by knowing
the highest maximum population density of Arthrospira.

Material and Method



This study was conducted at Laboratory of Aquaculture, Sriwijaya University,
Indralaya, Ogan llir, South Sumatra, Indonesia. The experimental design used in this study
was a Randomized Block Design using 3 treatments of agitation methods: control using 24-
hour aeration. day! (TC), stirring period 24 Hours. day(T24), stirring period 12 Hours. day"
1 (T12). The replications of culture time cycling were first culture cycle, second culture cycle,
and third culture cycle of integrated Clarias catfish- Arthrospira culture.

Figure 1. Design of integrated Clarias catfish- Arthrospira culture in this study

Preparation of Arthrospira Growing Media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium. The density of catfish
reared is 500 fish/m3 with a size of 12+1 cm with a salinity of 4 ppt (Sitio et al 2017) and a
pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance of catfish fed floating pellets
protein 31-33%. Feed is given 2 times a day (morning and evening) at satiation. No water
changes are made during fish rearing. After rearing the catfish, the wastewater from catfish
farming is taken and filtered using a 30-40 micron cloth to clean the wastewater from dirt
and insoluble feed residue.

Culturing and Harvesting Arthrospira platensis. A. platensis used was first cultured as
initial stock inoculum (Aquaculture Laboratory culture collection at Sriwijaya University) with
a minimum density of £ 1.0 g L'*. Then the A. platensis seeds were put into the catfish culture
wastewater media, with an initial density of = 0.1 g L. The lighting time with the help of
fluorescent lamps is 12 hours (Oktafiani and Hermana, 2013; Budiardi et al 2010). Agitation
was carried out using a mill with a speed of 5-6 RPM. The control was aeration using an
aerator for 24 hours, treatment 1 was stirred for 24 hours, while in treatment 2 the stirring
was for 12 hours (06.00 am -6.00 pm).

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis is carried out using a cloth filter measuring 30-40 microns
(Wijayanti et al 2020). A. platensis was filtered with a cloth then weighed the wet weight and
then put into a porcelain crucible then dried in an oven at 40°C for 18 hours (Afriani et al
2018 Modification), then mashed using a mortar.



Daily Density Measurement. 1n this study, the initial density of A. platensis was measured
using 1 milliliter of A. platensis culture samples in each treatment with 3 replications. The 1
milliliter water sample was put into a pre-weighed aluminum foil bowl. The wet samples were
then dried in an oven at 40 oC for 18 hours. The dried water sample after the oven was
reweighed to obtain dry weight biomass. The dry weight of A. platensis biomass was then
converted to g.L!. Measurement of the density of A. platensis was carried out in each
treatment every day at the same hour.

Arthrospira platensis Daily Growth Rate. The daily growth rate of A. platensis can be
calculated using the Vonshak formula(Vonshak, 2002).

Extraction and Measurement of Phycocyanin Yield. The dry biomass of A. platensis was
taken 0.04 g for phycocyanin extraction. The method followed the previous study (Wijayanti
et al 2020). Measurement of phycocyanin yield was carried out after passing through the
exponential phase (harvest) (Bennett and Bogorad 1973).

Reduction of Total Nitrogen Content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase in each
treatment).

Business Analysis. Profit calculation is done by R/C Ratio and ROI, which is calculating the
selling price of catfish and A. platensis dry biomass divided by production costs including feed
costs, electricity usage for biomass production, and drying time for one production cycle in
each treatment.

RCR = Total Revenue ROI = Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is presented
in graphical form. Specific growth rate data, phycocyanin yield, reduction of total nitrogen,
R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A. platensis for each culture treatment have

been shown in Figure 1. The time of achieving the highest density of A. platensis in each
treatment was eight days after cultivation start.

Biomass density (g L)

- Day



Figure 1. Biomass density of Arthrospira platensis for 10 days

The maximum density in treatment TC was 0.645 g L' on day 8, in treatment T24 it reached
0.693 g L't on day 8, in treatment T12 it reached 0.690 g L' on day 9. The maximum density
of A. platensis on treatments have been shown in Figure 2. It can be seen that the highest
density of A. platensis was in the T24 treatment with a biomass of 0.693 g L and T12 with
an average biomass of 0.690 g L', while the lowest density was in the TC treatment, 0.645
gLt

Maximum density (g L)

Figure 2. Maximum density of A. platensis biomass

Table 1
Maximum density of A patensis in treatment stirring on A. platensis culture media from
Clarias waste water

Based on Table 1, the highest density of A. platensis was seen in replicate 1 with a biomass
of 0.800 g L! and after that, it decreased gradually to 0.662 g L'! and 0.600 g L!. The high
and low density of A. platensis was determined by the nutrients that were still present in the
cultivation medium. The N ratio affects the growth of microalgae and the level of light intensity
that enters the media. The maintenance of A. platensis describes the growth phase from the
first day to the 10th day slowly, because of cells adapting to the new environmental
conditions. All treatments had an average increase on day 8. This explains that the growth of
A. platensis cells undergo division. The existence of cell division causes the growth of A.
platensis to run quickly because the growth medium of A. platensis is rich in nutrients that
are needed for its growth. On day 8 the maximum density of A. platensis culture was reached.
After the 8th day, all treatments experienced a decline (death) phase on average. This is
caused the number of nutrients in the media had decreased. However, A. platensis cells were
still able to divide but the number was not as large as in the growth phase.



According to (Budiardi et al. 2010), the death phase is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in growth
of A. platensis occurs due to reduced nutrients caused by the increase in A. platensis biomass,
as a result, biomass needs to compete for nutrients in the culture medium. In addition, the
denser the biomass results in the reduced intensity of light entering the culture media so that
it can interfere with the biomass to carry out photosynthesis. The pinwheel and aeration aid
in the agitation of the medium containing nutrients and algae so that all cells are thoroughly
exposed to the nutrients and light supplied. In addition, the agitation caused by the velocity
of the bubbles produced was not good because not all parts of the cells were exposed to the
nutrients from the medium. High bubles aeration can also give less than optimal results on
biomass density in the Arthrospira culture (Jung et al 2019)

Specific Growth Rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of the
media on algae growth (Santosa, 2010). The value of the specific growth rate of A. platensis
for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d)
0,3

0,25
0,2
0,15
0,1
0,05

0

BTC HT24 mT12

Figure 3. Specific growth rate of A. platensis in growth phase

Table 2
Specific growth rate of A. platensis in treatment stirring and on A. platensis culture media
from Clarias waste water

The effect of
Treatment of

=d ) Group of cycle treatment (T)
stirring media
1 2 3
TC 25.99 15.05 22.19 21.08 + 2.07
T24 25.99 19.27 18.22 21.16 + 4.22
T12 25.99 20.97 16.35 21.11 + 4.82

Based on the results in Table 2, the treatment control gave the best specific growth rate value
of 23.625% per day. The 24 hours stirring gave the lowest growth rate value of 21.105% per
day. Although, the specific growth rate of A. platensis biomass in all of the results of the
treatment is not different significantly. The high growth rate is caused by sufficient carbon
dioxide which is diffused with aeration bubbles. According to de Godos et al. (2014), the
growth rate is influenced by the limitations of carbon dioxide in the media. Under phototrophic
growth conditions in raceway pond cultures, the carbon dioxide becomes very limited. It can
be at least 5% of the carbon required by algal cultures is released directly into the atmosphere
from culture media.



In contrast, the first cycle gave different specific growth rates with the third cycle of
culture. In the first cycles of culture, the biomass had better conditions than in the third
cycle. The biomass of A. platensis needs the micronutrient for growth. The wastewater
medium is less micronutrient for enhancing growth. It can be suggested for adding the
micronutrient such as vitamins and trace minerals in the culture media for increasing the
performance of A. platensis cells, especially for enhancing the growth. According to
Borowitzka & Vonshak (2017), potential problems with media recovery are selective
enrichment of cultured contaminating organisms or unwanted cell morphologies; build-up of
specific ions that negatively impact algal growth; establishment of auto-inhibition; cell
disruption during harvest resulting in increased dissolved organic matter; flocculants residues
lead to flocculation of cells in the culture. The medium to be recovered may require some
pretreatment or conditioning before being returned to the culture tank. Most large commercial
algae producers have successfully implemented moderate recovery.

Reduction of Total Nitrogen Content. Ammonia in the form of ammonium is used by A.
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae growth
is generally absorbed in the form of nitrate (NO3"). Nitrate is further reduced by nitrite
reductase to nitrite and then reduced to ammonium (NH4*) so that it can be synthesized
through various amino compounds in Spirulina (Widyantoro et al 2018). The percentage of
nitrogen reduction have beeen shown in Table 3.

Table 3
Reduction of Total Nitrogen Content in A. platensis culture media

Based on the results in Table 3, the percentage reduction of nitrogen content in treatment
T24 (99.161%) is higher than in treatment TC (98.373%), and T12 (95.507%). However,
based on analysis of variance between treatments and groups, the percentage reduction of
nitrogen content had no significant effect. A. platensis in T24 treatment was able to utilize
more nitrogen content. In this study A. platensis in wastewater Clarias catfish can reduce
total nitrogen media by more than 95%. The study of A. platensis in wastewater nile tilapia
reared in biofloc system media can remove the nitrogen, such as NO3-N uptake of 99%, 80%
of TAN and 90% of NO2-N for 10 days (de Moraes et al 2021). Ammonia can remove 87,77
+ 1,01% by Spirulina platensis cultured in wastewater Pangasius catfish reared for 10 days
(Wijayanti et al 2018). Thus, given the results obtained, besides being able to grow in
wastewater, A. platensis can also be used in bioremediation processes of aquaculture
wastewater.

Phycocyanin yield. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of phycocyanin
was obtained from TC which was an average of 0.464 mg mL™*. While the lowest levels of C-
phycocyanin were in treatment 1 with an average of 0.39 mg mLl. The yield value of
phycocyanin A. platensis for each treatment is presented in Table 4.

Table 4
Phycocyanin (%) of A. platensis dry biomass at 10 days after cultivation



Treatment of The effect of

stirring media Group of cycle treatment (T)
1 2 3
TC 5.098 1.192 5.315 3.87 +2.32
T24 5.043 2.391 2.318 3.25+1.55
T12 3.300 2.697 4.350 3.45*0.84

The analysis of variances at the treatment effects of phycocyanin yield (Table 3)
showed that the stirring time and the different groups were not significantly different from
the phycocyanin yield. The highest phycocyanin yield was obtained in the treatment using an
aerator for 24 hours day! (3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day! (3.25%). According to Zhou et al (2017), pH value and salinity
of culture media conditions can affect protein levels in A. platensis cells, differences in salinity
affect the external osmotic pressure of A. platensis cells causing changes in cell composition,
especially phycocyanin. Sharma and Tiwari (2011) stated that the environment includes
nutrient availability, pH, salinity, light, and temperature can influence the growth and bio
pigments accumulation of cyanobacteria biomass.

Business Analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish is IDR
19,000 kg, the price of feed is IDR 11,000 kg, the price of electricity is IDR 1,445 kWh-1,
the price of salt is IDR 5,000 kg and the selling price of catfish IDR 22,000 kg, selling price
of A. platensis IDR 500 g!, with investment in tools such as a dynamo (4 watts) IDR 18,000
with a service life of 4 years, a mill of IDR 30,000 with a service life of 4 years, two aerators
(10 watts) IDR 37,000 with a service life of 3 years, containers IDR 80,000 with a service life
of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life of 4 years and Asahi cloth
IDR 18,000 with a service life of 4 years, analysis of R/ C Ratio and ROI in each treatment
and group. Business analysis has been shown in Table 5 and Table 6.

R/C Ratio (Return Cost Ratio) is a comparison between total revenue and production
costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, then the business is
efficient and profitable, R/C ratio = 1, then the farm is breaking even, and R/C ratio < 1, then
it is not efficient or harmful. ROI (Return On Investment) is a comparison between the total
profit and production costs in percent. There are three criteria in ROI : ROI is positive, then
the business is efficient and profitable, ROI = 0, then the farm is break-even, and ROI is
negative, so it is not efficient or detrimental.

The results of the Honestly Significant Difference test showed that the R/C ratio and
ROI in treatment TC (aeration for 24 hours day!) were significantly lower than treatments
T24 and T12. But, treatments T24 and T12 were not different significantly, although the
highest value was in the T12 treatment. In the T12 treatment, the R/C Ratio and ROI were
the highest, while in the control treatment the R/C Ratio and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of electricity
up to 46% of the total production cost, so it was less economical if done in cultivation.

Table 5
Components of production costs and revenues to calculate Revenue Cost Ratio (R/C) and
Return of Invesment (ROI) in A. platensis culture integrated with Clarias catfish rearing
systems



Value (IDR) per cycle

Components Value TC T4 T2
(IDR)
G1 G2 G3 G1 G2 G3 Gl G2 G3

Production cost

Investment cost

Dynamo 18000 0.00 0.00 0.00 173.08 173.08 17308 173.08 173.08  173.08

Pinwheel 30000 0.00 0.00 000 28845 29646 288406 28846 28846 2 28B.46

Aerator 37000 47436 47436 47436 0.00 0.00 0.00 0.00 0.00 0.00

Container 80000 51282 512.82 51282 51282 51282 51282 51282 51282 51282

Tube lamp 47000  451.92  451.92 45192 45192 45192 45192 45192 45192 45192

Asahi cloth 18000 173.08  173.08 173.08 17308 173.08 17308 173.08 17308 173.08

Variable cost

Fish feed 11000 2546.17 3942.40 2079.00 3627.91 4400.00 3069.00 309221 4400.00 2882.00

Electricity 1444.7 1369576 13695.76 1189277 10921.93 1161539 1161539 1092193 10921.53 10921.93

Fish 19000 6000.20 8763.37 15038.50 609330 10352.72 18483.20 659110 11762.14 19986.10

Coarse salt 5000 80000 B0O.00 80000  800.00 80000 80000  800.00 80000 BOD.00

Total production cost 2465431 28B13.71 3142245 23042.50 28767.47 35566.95 23004.60 29483.43 36189.39

Income

Cakfish 22000 10147.06 17413.00 20086.00 11967.36 21401.60 25539.80 13619.32 23141.80 27121.60

Product A. platensis

flour 500 10500.00 9675.00 7800.00 11250.00 10200.00 10050.00 10500.00 9900.00 9150.00

Total income 20647.06 27088.00 27886.00 23237.36 31601.60 35589.80 24119.32 33041.80 36271.60

Profit -4007.25 -1725.71 -353645 19486 2834.13 2285 111472 3558.37 §2.21

R/C 0.84 0.94 0.89 1.01 1.10 1.00 1.05 1.12 1.00

ROI -16.25 -5.99  -11.25 0.85 9.85 0.06 4.85 12.07 0.23
Table 6

Revenue Cost Ratio (R/C) and Return of Invesment (ROI) in A. platensis culture integrated
with Clarias catfish rearing systems, and the feed convertion ratio of the catfish rearing

Treatment of
stirring media

Mean of R/C value

(HSDa0.05= 0.069)

Feed Convertion Ratio

Mean of ROI value

(HSDa0.05= 6.882)

(FCR) in Catfish

rearing
TC 0.942+0.050 @ -5.756+5.025% 1.384+0.33
T24 1.098+0.059 ° 9.821+5.907° 1.30+0.30
T12 1.120+0.068 12.013+6.842P 1.04+0.40

In T12's first production cycle, the average cost of feed was IDR. 3,458, catfish was IDR.
12,780 and catfish earn IDR. 21,294, product A. platensis flour was IDR. 9,850 with a total
income of IDR. 31,144 with a profit of IDR. 1,585 from production costs of IDR. 29,559 (A
platensis in 30 liters of media and 20 fish). If A. platensis in 12,000 liters of media and 8,000
fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788 with a production
cost of IDR 6,929,908 in 1 cycle, if in 1 year of production there are 26 cycles then the profit
will be obtained reached IDR. 143,722,495.



Conclusions. The utilization of catfish culture wastewater for the culture of A. platensis with
different treatments and stirring time gave a significant effect on business analysis, but no
effect on the maximum density and the growth rate of A. platensis, the reduction of total
nitrogen content in the media, and the yield of phycocyanin. The best growth rate and total
nitrogen reduction were obtained in treatment T24 (stirring using a mill for 24 hours per day).
The result of the business analysis was better using a raceway system with wheel rotation
than using an aeration system. The treatment stirring wheels 12 hours per day is the best
result for scaling up Arthrospira production at an outdoor integrated pond system.
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Techno-economic analysis of integrated multitrophic
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Abstract. Arthrospira is a cyanobacteria that contains high levels of protein, fatty acids, minerals,
vitamins, amino aclds, and phycocyaning, The cultivation af Arthvospira platensis s constrained by
fertilizers that have relatively high prices, so alternative fertilizers are used, one of which is catfish waste
which has sufficient nutrient content for the growth of A. platensis which can be integrated as IMTA
(Integrated Multi-trophic Aguaculture) Claras-Arthrospira. Cultures of A. platensis on a mass scale often
use open culture ponds in the form of raceways because they are easy bo handle. Raceway pond
agitation uses pedals that rotate for 24 hours leading to high electricity usage costs which account far
23% of total production costs. This study aims to determine the efficient stirring time on the growth of
microalgas A. platensis, This study used 3 treatments with different stirring frequencies, namely
treabment 1 stirring for 24 hours (T24), treatment 2 stirring for 12 hours (T12), and control using
aesration for 24 hours {TC). AMer harvesting the blomass, the water from filtration has flowed into the
catfish rearing container. Paramebers observed were daily density of A, platensis, specific growth rate of
A, platensis, revenue-cost (R/C) ratho, return of investment (ROI) and Teed conversion ratio of catfish
rearing that was used for A platensis production, The results of the specific growth rate of A. platensis in
this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximum density at TC and T12
was 0.8 g.L"! on day 10 while at T24 0.8 g.L"! on day 9. Revenue Cost (R/C) ratio can be reached at TC
094, T24 1.09, Ti2 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments
with A. plalensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04
respectively. The stirming using a raceway container for 12 hours produced the best results compared to
other treatments.

Key Words: A, platensis, bfc ratio, Clarias catfish rearing, raceway.

Introduction. Aquaculture techno-economics is a complete study to scale up
aguaculture business from pilot plant scale to mass scale or industrial scale, to ensure
enviranmental-system stability and economic analysis of the feasibllity of aguaculture,
The development of fish farming is being intensified as an effort to meet the food needs
of the community, especially protein, The Ministry of Maritime Affairs and Fisheries (KKP)
launched the 2021 KKP slogan, which is to drive aquaculture by paying attention to
environmental sustainabllity and encouraging community economic turmover (Antara
2021). The increasingly limited land and water for fish cultivation make the need for zero
waste agquaculture technology that is approached with a recirculation system {(Ramll et al
2020). The productivity of fish farming pond recirculation systems can be increased by
using the IMTA (Integrated Multi-trophic Aquaculture) system. Integrated multi-trophic
aguaculture (IMTA) is a production system of aquatic biota in which various species, of
different trophic levels, are raised near each other and the by-products (organic and
inorganic waste) of one cultured species are recycled to be used as nutrients for other
biotas. IMTA can reduce the ecological impact around agquaculture operations, increase
social perceptions of aguaculture, and provide financial benefits to agquaculture actors
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through product diversification, faster production cycles, and better income on IMTA
products (Knowler et al 2020). The concept of fish production and remediation
aquaculture commodities such as microalgae and cyanobacteria with high economic value
can be an alternative for zero waste swamp aguaculture systems.

Cyanobacteria have been shown to be a rich source of biologically active
secondary metabolites Including antiviral, anti-inflammatory, immunostimulant agents,
and their medicinal and nutraceutical properties (Deyab et al 201%; Tabarzad et al 2020).
Tiwari and Tiwari (2020) have summarized and updated therapeutic applications.
Cyanobacteria in drug development, with the introduction of the new term
"cyanotherapeutics”, after many studies have shown that these cyanobacteria have
immunomodulatory, antitumor-anticancer, antiviral-antidlV, antibacterial, antimalarial,
antidiabetic activities which are specific characters for drug candidates (MNaldoo et al
2020). Arthrospira which is the only cyanobacteria that |s safe for consumption free of
toxins can be used to treat wastewater, including waste from fish farming because
biomass can metabolize nutrients and remove pollutants from aquaculture waste
efficiently (Zhang et al 2019). Treatment of industrial waste and by-products can be used
for alternative culture media for Spiruiina (Arthrospira) production as well as fish farming
wastewater (Wijayanti et al 2018; Widyantoro et al 2018; Ragaza et al 2020).
Arthrospira  (Spirufing) cultivation In fish pond wastewater can have certain
characteristics., Their adaptation growing in organic wastewater makes changes in the
bicactive and production of Important compounds. Phycocyanin is blue pigment in
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwari & Tiwari 2020). Arthrospira cultured in catfish culture waste media 100%
laboratory-scale bulk system can produce a maximum density of 0.867 grams dry welght
per liter, the growth rate of 22.026% day'! and 11.347 mg g! phycocyanin yield and able
ta reduce nitrogen waste by more than B0% and phosphate by more than 70%
{Wijayanti et al 2020).

The design of the cyanobacterial bioreactor influences the important phyto-
biochemical content contained In the post-harvest blomass. Determination of the design
and culture system that Is better and low-cost, will increase the practical and economic
feasibillty of Integrating cyanobacteria in aguaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aguaculture
recirculating system (Ramill et al 2020). Increasing the scale of production from a closed
systemn to an open system is an important step for the stability of product quality and
quantity, the technological and economic feasibility of the IMTA system. The pilot-scale is
used for commercial-scale preparation. Open pond bioreactors are often used because
they are easy and Inexpensive to maintain (Mutiah & Khoirunisa 2013). There are two
types of open pond bioreactors, raceway, and circular/central pivot ponds. Circular ponds
where mixing s done by agitators or raceway ponds are equipped with a paddle wheel
agitation system (Fazal et al 2018). De lesus et al (2018) showed that 24-hour stirring
resulted in a biomass concentration of 1.60 £ 0.04 g L™', biomass productivity of 0.054 %
0.003 g L~* k™, and a specific growth rate of 0.05 + 0.002 h~! on the coast of Bahia in
the city of Salvador, Brazil, and in the city of Camaqua, Brazil it's yield density was of
0.90 = 0.02 gL-!, biomass productivity of 0.009 £ 0.001 gL™! h™* and specific growth of
0.02 + 0,001 h™'. However, stirring for 24 hours resulted in the use of high electrical
energy.

Jonker and Faalj (2013) concluded the electric energy consumption of stirring Is
23% of the total energy demand. The difference In the stirfing time of A, platensis
culture with catfish culture wastewater has never been studied before. Therefore, it is
Important to study differences in the length of time for stirring Arthrospira culture media
to make electricity use efficient and maximize the growth of Spirulina in catfish culture
wastewater media by knowing the highest maximum population density of Arthrospira.

Material and Method. This study was conducted at the Laboratory of Agquaculture,
Sriwijaya University, Indralaya, Ogan Ilir, South Sumatra, Indonesia. The experimental
design used In this study was a Randomized Block Deslign using 3 treatments of agitation
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methods: control using 24-hour aeration day™ (TC), stirring for 24 hours day™ (T24) and
stirring for 12 hours day™ (T12). The replications of culture time cycling were first culture
cycle, second culture cycle, and third culture cycle of integrated Clarias catfish-
Arthrospira culture.

Figure 1, Design of integrated Clarias catfish - Arthrospira culture in this study.

Preparation of Arthrospira growing media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aguarium. The density of
catfish reared is 500 fish/m® with a size of 121 cm with a salinity of 4 ppt (Sitic et al
2017) and a pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance catfish were fed
floating pellets with a protein content of 31-33%. Feed Is given 2 times a day (morning
and evening) at satiation. No water changes are made during fish rearing. After rearing
the catfish, the wastewater from catfish farming s taken and filtered using a 30-40
micron cleth to clean the wastewater from dirt and insoluble feed residue.

Culturing and harvesting Arthrospira platensis. A. platensis used was first cultured
as Initial stock Inoculum (Aquaculture Laboratory culture collectlon at Sriwijaya
University) with a minimum density of £ 1.0 g L'. Then the A. platensis seeds were put
into the catfish culture wastewater media, with an initial density of £ 0.1 g L. The
lighting time with the help of fluorescent lamps Is 12 hours (Oktafian| & Hermana 2013;
Budiardi et al 2010). Agitation was carried cut using a mill with a speed of 5-6 rpm. The
control had aeration using an aerator for 24 hours, treatment 1 was stirred for 24 hours,
while in treatment 2 the stirring was for 12 hours (06:00 am - 6:00 pm).

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. pfatensis is carried out using a cloth filter measuring 30-40
microns (Wijayantl et al 2020). A. pfatensis was filtered with a cloth then weighed for the
wet welght and then put Into a porcelain cruclble, then dried in an oven at 40°C for 18
hours (Afriani et al 2018 modification), then mashed in a mortar.

Daily density measurement. In this study, the Initial density of A. platensis was
measured using 1 milliliter of A, platensis culture samples in each treatment with 3
replications. The 1 milliliter water sample was put Into a pre-weighed aluminum Ffall bowl.
The wet samples were then dried In an oven at 40°C for 18 hours. The dried water
sample after the oven treatment was reweighed to obtain dry weight biomass. The dry
welght of A, platensis biomass was then converted to g L. Measurement of the density
of A, platensis was carried out In each treatment every day at the same hour.

Arthrospira platensis daily growth rate. The daily growth rate of A. platensis can be
calculated using the Vanshak formula (Vonshak 2002).
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Extraction and measurement of phycocyanin yield. The dry biomass of A platensis
was taken 0.04 g for phycocyanin extraction. The method followed previous studies
(Wijayanti et al 2020). Measurement of phycocyanin yield was carried out after passing
through the exponential phase (harvest) (Bennett & Bogorad 1973).

Reduction of total nitrogen content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase in
each treatment).

Business analysis. Profit calculation is done by R/C Ratio and ROI, which is calculating
the selling price of catfish and A. platensis dry biomass divided by production costs
including feed costs, electricity usage for biomass production, and drying time for one
preduction cycle in each treatment.

RCR = Total Revenue ROI = _ Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOWVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is
presented in graphical form. Specific growth rate data, phycocyanin yield, reduction of
total nitrogen, R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A. platensis for each culture treatment

have been shown in Figure 1. The time of achieving the highest density of A. platensis in
each treatment was eight days after cultivation start.

0,800

Biomass density (g L)

0,700

0,600

Day

0 1 2 3 4 5 & 7 & 9 10
—i L —ip—T2] —8—T1d
Figure 1. Biomass density of Arthrospira platensis for 10 days.

The maximum density in treatment TC was 0.645 g L on day 8, in treatment T24 it
reached 0.693 g L'! on day 8, in treatment T12 it reached 0.690 g L'! on day 9. The
maximum density of A. pfatensis on treatments have been shown in Figure 2. It can be
seen that the highest density of A. platensis was in the T24 treatment with a biomass of
0.693 g L'! and T12 with an average biomass of 0.690 g L™}, while the lowest density was
in the TC treatment, 0.645 g L.
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Figure 2. Maximum density of A. platensis biomass.

Table 1
Maximum density of A. platensis in treatment stirring on A. platensis culture media from
Clarias waste water

Grouip oF cycle The effect of

Treatment of stirring media treatment (T)
1 2 3

TC 0.80 0.65 0.52 0.66 £ 0.14

T24 0.80 0.68 0.67 0.72 £ 0.07

T1i2 0.80 0.66 0.61 0.69 + 0.10

Based on Table 1, the highest density of A. platensis was seen in replicate 1 with a
biomass of 0.800 g L'! and after that, it decreased gradually to 0.662 g L'!, 0.600 g L.
The high and low density of A. platensis was determined by the nutrients that were still
present in the cultivation medium. The N ratio affects the growth of microalgae and the
level of light intensity that enters the media. The maintenance of A. platensis describes
the growth phase from the first day to the 10th day slowly, because of cells adapting to
the new environmental conditions. All treatments had an average increase on day 8. This
explains that the growth of A. platensis cells undergo division. The existence of cell
division causes the growth of A. pfatensis to run quickly because the growth medium of
A. platensis is rich in nutrients that are needed for its growth. On day 8 the maximum
density of A. platensis culture was reached. After the 8th day, all treatments experienced
a decline (death) phase on average. This is caused the number of nutrients in the media
had decreased. However, A. platensis cells were still able to divide but the number was
not as large as in the growth phase.

According to Budiardi et al (2010), the death phase is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in
growth of A. platensis occurs due to reduced nutrients caused by the increase in A.
platensis biomass, as a result, biomass needs to compete for nutrients in the culture
medium. In addition, the denser the biomass results in the reduced intensity of light
entering the culture media so that it can interfere with the biomass to carry out
photosynthesis. The pinwheel and aeration aid in the agitation of the medium containing
nutrients and algae so that all cells are thoroughly exposed to the nutrients and light
supplied. In addition, the agitation caused by the velocity of the bubbles produced was
not good because not all parts of the cells were exposed to the nutrients from the
medium. High bubles aeration can also give less than optimal results on biomass density
in the Arthrospira culture (Jung et al 2019}
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Specific growth rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth (Santosa 2010). The value of the specific growth rate of A.
platensis for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d1)
0,3

0,25
0,2
0,15
0,1
0,05
o

mTC mT24 mT12

Figure 3. Specific growth rate of A, platensis in growth phase.

Table 2
Specific growth rate of A. platensis in treatment stirring and on A. platensis culture media
from Clarias waste water

Group of cycle The effect of

Treatment of stirring media treatment (T)
1 2 3

TC 25.99 15.05 22.19 21.08 £ 2.07

T24 25.99 19.27 18.22 21.16 + 4.22

T12 25.99 20.97 16.35 21.11 £4.32

Based on the results in Table 2, the treatment control gave the best specific growth rate
value of 23.625% per day. The 24 hours stirring gave the lowest growth rate value of
21.105% per day. Although, the specific growth rate of A. platensis biomass in all of the
results of the treatment is not different significantly. The high growth rate is caused by
sufficient carbon dioxide which is diffused with aeration bubbles. According to de Godos
et al (2014), the growth rate is influenced by the limitations of carbon dioxide in the
media. Under phototrophic growth conditions in raceway pond cultures, the carbon
dioxide becomes very limited. It can be at least 5% of the carbon required by algal
cultures is released directly into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of culture. In the first cycles of culture, the biomass had better conditions than in the
third cycle. The biomass of A. platensis needs the micronutrient for growth. The
wastewater medium is less micronutrient for enhancing growth. It can be suggested for
adding the micronutrient such as vitamins and trace minerals in the culture media for
increasing the performance of A. platensis cells, especially for enhancing the growth.
According to Borowitzka and Vonshak (2017), potential problems with media recovery
are selective enrichment of cultured contaminating organisms or unwanted cell
morphologies; build-up of specific ions that negatively impact algal growth;
establishment of auto-inhibition; cell disruption during harvest resuiting in increased
dissolved organic matter; flocculants residues lead to flocculation of cells in the culture.
For the medium to be recovered may require some pretreatment or conditioning before
being returned to the culture tank. Most large commercial algae producers have
successfully implemented moderate recovery.
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Reduction of total nitrogen content. Ammonia in the form of ammonium is used by A.
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae
growth is generally absorbed in the form of nitrate (NOs"). Nitrate is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NHs*) so that it can be
synthesized through various amino compounds in Spirulina (Widyantoro et al 2018). The
percentage of nitrogen reduction have beeen shown in Table 3.

Table 3
Reduction eof total nitrogen content in A. platensis culture media
o _ Group of cycle The effect of
Treatment of stirring media treatment (T)
1 2 3

TC 97.54 98.82 a8.76 98.38 + 0.73

T24 99.28 99.19 99.01 99.16 + 0.14

T12 92.75 95.71 98.07 95.51 + 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in
treatment T24 (99.161%) is higher than in treatment TC (98.373%), and T12
(95.507%). However, based on analysis of variance between treatments and groups, the
percentage reduction of nitregen content had no significant effect. A. platensis in T24
treatment was able to utilize more nitrogen content. In this study A. platensis in
wastewater of Clarias catfish can reduce total nitrogen media by more than 95%. The
study of A. platensis in wastewater of Nile tilapia (Oreochromis niloticus) reared in biofloc
system media can remove the nitrogen, such as NOs; N uptake of 99%), 80% of TAM and
90% of NOz; M for 10 days (de Moraes et al 2021). Ammonia can remove 87.77 £ 1.01%
by Spirulina platensis cultured in wastewater of Pangasius catfish reared for 10 days
(Wijayanti et al 2018). Thus, given the results obtained, besides being able to grow in
wastewater, A. platensis can also be used in bioremediation processes of aquaculture
wastewater.

Phycocyanin yleld. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of
phycocyanin was obtained from TC which was an average of 0.464 mg mL'. While the
lowest levels of C-phycocyanin were in treatment 1 with an average of 0.39 mg mL. The
yield value of phycocyanin A. platensis for each treatment is presented in Table 4.

Table 4
Phycocyanin (%) of A. platensis dry biomass at 10 days after cultivation
o ) Group of cycle The effect of treatment (T)
Treatment of stirring media
1 2 pi {

TC 5.098 1.192 5.215 3.87 + 232

T24 5.043 2.391 2.318 3.25 + 1.55

T12 3.300 2.697 4.350 3.45 + 0.84

The analysis of variances at the treatment effects of phycocyanin yield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phycocyanin yield. The highest phycocyanin yield was obtained in the treatment using an
aerator for 24 hours day ! (3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day' (3.25%). According to Zhou et al (2017), pH value and
salinity of culture media conditions can affect protein levels in A. platensis cells,
differences in salinity affect the external osmotic pressure of A. platensis cells causing
changes in cell composition, especially phycocyanin. Sharma & Tiwari (2011) stated that
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the environment includes nutrient availability, pH, salinity, light, and temperature can
influence the growth and bio pigments accumulation of cyanobacteria biomass.

Business analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish is
IDR 19,000 kg, the price of feed is IDR 11,000 kg™, the price of electricity is IDR 1,445
kwh!, the price of salt is IDR 5,000 kg! and the selling price of catfish IDR 22,000 kg,
selling price of A. platensis IDR 500 g!, with investment in tools such as a dynamo (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, containers IDR
80,000 with a service life of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life
of 4 years and Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI in each treatment and group. Business analysis has been shown in Table 5 and
Table 6.

R/C Ratio (Return Cost Ratio) is a comparison between total revenue and
production costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, then
the business is efficient and profitable, R/C ratio = 1, then the farm is breaking even, and
R/C ratio < 1, then it is not efficient or harmful. ROI (Return On Investment) is a
comparison between the total profit and production costs in percent. There are three
criteria in ROI: ROI is positive, then the business is efficient and profitable, ROI = 0, then
the farm is break-even, and ROI is negative, so it is not efficient or detrimental.

The results of the Honestly Significant Difference test showed that the R/C ratio
and ROI in treatment TC (aeration for 24 hours day™') were significantly lower than
treatments T24 and T12. But, treatments T24 and T12 were not different significantly,
although the highest value was in the T12 treatment. In the T12 treatment, the R/C Ratio
and ROI were the highest, while in the control treatment the R/C Ratic and ROI were the
lowest compared to other treatments, the low profit in the aeration treatment was due to
the use of electricity up to 46% of the total production cost, so it was less economical if
done in cultivation.

Table 5
Components of production costs and revenues to calculate Revenue Cost Ratio {R/C) and
Return of Investment (ROI) in A. platensis culture integrated with Clarias catfish rearing
systems
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Value (IDR) per cycle

Components ;‘;:'i 1 T T12
G2 G3 Gl G2 G3 Gl G2 G3
Production cost
Investment cost
Dynamn 18000 0.00 0.00 000 173.08 17308 17308 17308 17308 17308
Pinwheel 30000 0,00 0.00 000 28846 28846 28346  2BB46 28846 2BBAG
Agrator 37000 47436 47436 47430 0,00 0.00 000 0,00 0.00 0,00
Cantainer 80000 51282 51282 51282 51282 51282 51282 51282 51282  Bam2
Tube lamp 47000 45192 45191 45192 45192 45192 45192 45192 45192 45192
Asahi cloth 18000  173.08 173.08 17308 17308 17308 17308 17308 17308 17308
Variable cost
Fish feed 11000  2546,17 3942.40 2079.00 362791 440000 306900 309221 4400.00 28B2.00
Electricity 14447 1360576 13695.76 1189277 1092193 1161539 1161539 1092193 1092193 1092193
Fish 19000 600020 876337 1503850 609330 1035272 164B3.20 659110 1L1762.14 19986.10
Coarse salt 5000  &00.00 800.00  80D.OD  BOOLDO BOO.OD 80000 BOO.0C  BOD.OD  &00.00
Total production cost 24654.31 28B13,71 3142245 2304250 28767.47 3556655 23004.60 29483.43 3618939
Income
Catfish 22000 1014706 17413.00 2008600 1198736 2140160 2553980 13619.32 2314180 27121.60
Praduct A, platensls
flour 500 10500,00 9675.00 780000 11250.00 10200.00 10050.00 10500.00 $900.00  9150.00
Total income 20647.06 27088.00 27886.00 23237.36 31601.60 3558980 24119.32 33041.80 36271.60
Profit -4007.25 -172571 -353645 19486 283413 2285 111472 35837 g2.21
R/C 0.84 0.94 0.9 1.01 1.10 1.00 1.05 112 1.00
ROI -16.25 -5.09  -11.35 0,85 9.85 .06 4,85 12.07 0.23
Table 6

Revenue Cost Ratio (R/C) and Return of Invesment (ROI) in A. platensis culture
integrated with Clarias catfish rearing systems, and the feed conversion ratio of the

catfish rearing

Feed Conversion Ratio

Mean of ROI value (FCR) in Catfish

(HSDgp.05-= 5.882)

Treatment of Mean of R/C value
stirring media (HSDgp.o5= 0.0s9)

rearing
TC 0.942 + 0.050 ? -5.756 + 5.025% 1.38 + 0.33
T24 1.098 + 0.059 ° 9.821 + 5.907" 1.30 + 0.30
Ti2 1.120 + 0.068 B 12.013 + 6.842b 1.04 + 0.40

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was IDR
12,780 and catfish earn was IDR 21,294, product A. platensis flour was IDR 9 850 with a
total income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis in 30 liters of media and 20 fish). A. platensis in 12,000 liters of
media and 8,000 fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788
with a production cost of IDR 6,229,908 in 1 cycle, if in 1 year of production there are 26
cycles then the profit obtained will reac IDR 143,722 495.

Conclusions. The utilization of catfish culture wastewater for the culture of A. platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A. platensis, the reduction
of total nitrogen content in the media, and the yield of phycocyanin. The best growth rate
and total nitrogen reduction were obtained in treatment T24 (stirring using a mill for 24
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hours per day). The result of the business analysis was better using a raceway system
with wheel rotation than using an aeration system. The treatment stirring wheels 12
hours per day is the best result for scaling up Arthrospira production at an outdoor
integrated pond system.
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Abstract. Arthrospira is a cyanobacteria that contains high levels of protein, fatty acids, minerals, vitamins,
amino acids, and phycocyanins. The cultivation of Arthrospira platensis is constrained by fertilizers that
have relatively high prices, so alternative fertilizers are used, one of which is catfish waste which has
sufficient nutrient content for the growth of A. platensis which can be integrated as IMTA (Integrated Multi-
trophic Aguaculture) Clarias-Arthrospira. Cultures of A. platensis on a mass scale often use open culture
ponds in the form of raceways because they are easy to handle. Raceway pond agitation uses pedals that
rotate for 24 hours leading to high electricity usage costs which account for 23% of total production costs.
This study aims to determine the efficient stirring time on the growth of microalgae A. pilatensis. This study
used 3 treatments with different stirring frequendes, namely treatment 1 stirring for 24 hours (T24),
treatment 2 stirring for 12 hours (T12), and control using aeration for 24 hours (TC). After harvesting the
biomass, the water from filtration has flowed into the catfish rearing container. Parameters observed were
daily density of A. platensis, specific growth rate of

A. platensis, revenue-cost (R/C) ratio, return of investment (ROI) and feed conversion ratio of catfish
rearing that was used for A. platensis production. The results of the specific growth rate of A. platensis in
this study were TC 23.625%, T24 21.162%, T12 21,105% per day. The maximum density at TC and T12
was 0.8 g.L* on day 10 while at T24 0.8 g.L* on day 9. Revenue Cost (R/C) ratio can be reached at TC
0.94, T24 1.09, T12 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments with
A. platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04 respectively.
The stirring using a raceway container for 12 hours produced the best results compared to other
treatments.

Key Words: A. platensis, b/c ratio, Clanas catfish rearing, raceway.

Introduction. Aquaculture techno-economics is a complete study to scale up aguaculture
business from pilot plant scale to mass scale or industrial scale, to ensure environmental-
system stability and economic analysis of the feasibility of aquaculture.The development
of fish farming is being intensified as an effort to meet the food needsof the community,
especially protein. The Ministry of Maritime Affairs and Fisheries (KKP) launched the 2021
KKP's tagline "Maobilizing aquaculture, it is believed that it can support fc:-od secunty and
regional economic development amid the Covid-19 Pandemic” (

2022), which is to drive aquaculture by paying attention to environmental sustainability
and encouraging community economic turmnover (Antara, 2021). The increasingly limited
land and water for fish cultivation make the need for zero waste agquaculture technology
that is approached with a recirculation system (Ramli et al 2020). The productivity of fish
farming pond recirculation systems can be increased by using the IMTA (Integrated Multi-
trophic Aguaculture) system. Integrated multi-trophic aguaculture (IMTA) is a production
system of aguatic biota in which various species, of different trophic levels, are raised near
each other and the by-products (organic and inorganic waste) of one cultured species are
recycled to be used as nutrients for other biotas. IMTA can reduce the ecological impact
around aquaculture operations, increase social perceptions of aquaculture, and provide
financial benefits to aquaculture actors
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through product diversification, faster production cycles, and better income on IMTA
products (Knowler et al 2020). The concept of fish production and remediation aquaculture
commodities such as microalgae and cyanobacteria with high economic valuecan be an
alternative for zero waste swamp aquaculture systems.

Cyanobacteria have been shown to be a rich source of biologically active secondary
metabolites including antiviral, anti-inflammatory, immunostimulant agents, and their
medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et al 2020). Tiwari and
Tiwari {(2020) have summarized and updated therapeutic applications. Cyanobacteria in
drug development, with the introduction of the new term "cyanotherapeutics”, after many
studies have shown that these cyanobacteria have immunomodulatory, antitumor-
anticancer, antiviral-antiHIV, antibacterial, antimalarial, antidiabetic activities which are
specific characters for drug candidates (Naidoo et al 2020). Arthrospira which is the only
cyanobacteria that is safe for consumption free of toxins can be used to treat wastewater,
including waste from fish farming because biomass can metabolize nutrients and remove
pollutants from aquaculture waste efficiently (Zhang et al 2019). Treatment of industrial
waste and by-products can be usedfor alternative culture media for Spirulina (Arthrospira)
production as well as fish farming wastewater (Wijayanti et al 2019; Widyantoro et al 2018;
Ragaza et al 2020). Arthrospira (Spirulina) cultivation in fish pond wastewater can have
certain characteristics. Their adaptation growing in organic wastewater makes changes in
the bioactive and production of important compounds. Phycocyanin is blue pigment in
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwari & Tiwari 2020). Arthrospira cultured in catfish culture waste media 100%
laboratory-scale bulk system can produce a maximum density of 0.867 grams dry weight
per liter, the growth rate of 22.026% day ' and 11.347 mg g ! phycocyanin yield and able
to reduce nitrogen waste by more than 80% and phosphate by more than 70% (Wijayanti
et al 2020).

The design of the cyanobacterial bioreactor influences the important phyto-
biochemical content contained in the post-harvest biomass. Determination of the design
and culture system that is better and low-cost, will increase the practical and economic
feasibility of integrating cyancbacteria in aquaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aguaculture
recirculating system (Ramli et al 2020). Increasing the scale of production from a closed
system to an open system is an important step for the stability of product quality and
quantity, the technological and economic feasibility of the IMTA system. The pilot-scale is
used for commercial-scale preparation. Open pond bioreactors are often used because they
are easy and inexpensive to maintain (Mutiah & Khoirunisa 2013). There are two types of
open pond bioreactors, raceway, and circular/central pivot ponds. Circular pondswhere
mixing is done by agitators or raceway ponds are equipped with a paddle wheel agitation
system (Fazal et al 2018). De Jesus et al (2018) showed that 24-hour stirring resulted in
a biomass concentration of 1.60 + 0.04 g L™!, biomass productivity of 0.054 +
0.003 g L't h™!, and a specific growth rate of 0.05 + 0.002 h! on the coast of Bahia in
the city of Salvador, Brazil, and in the city of Camaquéa, Brazil it's yield density was of
0.90 + 0.02 gL', biomass productivity of 0.009 + 0.001 gL ! h™! and specific growth of
0.02 £ 0.001 h-'. However, stirring for 24 hours resulted in the use of high electrical
energy.

Jonker and Faaij {2013) concluded the electric energy consumption of stirring is
23% of the total energy demand. The difference in the stirring time of A. platensis culture
with catfish culture wastewater has never been studied before. Therefore, it is important
to study differences in the length of time for stirring Arthrospira culture media to make
electricity use efficient and maximize the growth of Spirulina in catfish culture wastewater
media by knowing the highest maximum population density of Arthrospira.

Material and Method. This study was conducted at the Laboratory of Aquaculture,
Sriwijaya University, Indralaya, Ogan llir, South Sumatra, Indonesia. The experimental
design used in this study was a Randomized Block Design using 3 treatments of agitation
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methods: control using 24-hour aeration day* (TC), stirring for 24 hours day™ (T24) and
stirring for 12 hours day™! (T12). The replications of culture time cycling were first culture
cycle, second culture cycle, and third culture cycle of integrated Clarias catfish- Arthrospira
culture.

Figure 1. Design of integrated Clarias catfish - Arthrospira culture in this study.

Preparation of Arthrospira growing media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium. The density of catfish
reared is 500 fish/m® with a size of 12+1 cm with a salinity of 4 ppt (Sitio et al 2017) and
a pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance catfish were fed floating pellets
with a protein content of 31-33%. Feed is given 2 times a day (moming and evening) at
satiation. No water changes are made during fish rearing. After rearing the catfish, the
wastewater from catfish farming is taken and filtered using a 30-40 micron cloth to clean
the wastewater from dirt and inscluble feed residue.

Culturing and harvesting Arthrospira platensis. A. platensis used was first cultured as
initial stock inoculum (Agquaculture Laboratery culture collection at Sriwijaya University)
with a minimum density of £ 1.0 g LY. Then the A. platensis seeds were put into the catfish
culture wastewater media, with an initial density of £ 0.1 g L"!. The lighting time with the
help of fluorescent lamps is 12 hours (Oktafiani & Hermana 2013; Budiardi et al 2010).
Agitation was carried out using a mill with a speed of 5-6 rpm. The control had aeration
using an aerator for 24 hours, treatment 1 was stirred for 24 hours, while in treatment 2
the stirring was for 12 hours (06:00 am — 6:00 pm}.

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis is carried out using a cloth filter measuring 30-40 microns
(Wijayanti et al 2020). A. platensis was filtered with a cloth then weighed for thewet weight
and then put into a porcelain crucible, then dried in an oven at 40°C for 18 hours (Afriani
et al 2018 modification), then mashed in a mortar.

Daily density measurement. In this study, the initial density of A. platensis was
measured using 1 milliliter of A. platensis culture samples in each treatment with 3
replications. The 1 milliliter water sample was put into a pre-weighed aluminum foil bowl.
The wet samples were then dried in an oven at 40°C for 18 hours. The dried water
sample after the oven treatment was reweighed to obtain dry weight biomass. The dry
weight of A. platensis biomass was then converted to g L''. Measurement of the density
of A. platensis was carried out in each treatment every day at the same hour.

Arthrospira platensis daily growth rate. The daily growth rate of A. platensis can be

calculated using the Vonshak formula p = lnNt—In No x 100% (Vonshak 2002).
t
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Extraction and measurement of phycocyanin yield. The dry biomass of A. platensis
was taken at 0.04 g after passing through the exponential phase (harvest) for preparing
phycocyanin extraction. The method of phycocyanin extraction followed previous studies
(Wijayanti et al 2020). The absorbance of the extracted supernatant was measured using
a spectrophotometer at a wavelength of 615 nm and 652 nm for determining phycocyanin
yield with Bennett & Bogorard formulas : C-phycocyanin {mg mL' } = ((0D 615) - 0.474
(0D 652))/5.34; and Phycocyanin yield {mg g™!) = (C-phycocyanin x Solvent volume)/Dried
Biomass (Bennett & Bogorad 1973).

Reduction of total nitrogen content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase in each
treatment).

Business analysis. Profit calculation is done by R/C Ratie and ROI, which is calculating
the selling price of catfish and A. platensis dry biomass divided by production costs
including feed costs, electricity usage for biomass production, and drying time for one
production cycle in each treatment.

RCR = Total Revenue ROI = Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOWVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is
presented in graphical form. Specific growth rate data, phycocyanin yield, reduction of total
nitrogen, R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A. platensis for each culture treatment have

been shown in Figure 1. The time of achieving the highest density of A. platensis in each
treatment was eight days after cultivation start.

0,800

Biomass density (g L)

0,700
0,600
0,500
O, 0
0,300

0,200 Day

o100 §

0,000
a 1 2 3 3 5 6 7 8 v 10

—a—TC —8—T24 —8—T12
Figure 1, Biomass density of Arthrospira platensis for 10 days.

The maximum density in treatment TC was 0.645 g L™  on day 8, in treatment T24 it reached
D.683 g L' on day 8, in treatment T12 it reached 0.690 g L-! on day 9. The maximum
density of A. platensis on treatments have been shown in Figure 2. It can be seen that the
highest density of A. platensis was in the T24 treatment with a biomass of 0.693 g L' and
T12 with an average biomass of 0.690 g L*, while the lowest density was in the TC
treatment, 0.645 g L',

AACL Biofiux, 2022, Volume 15, Issue 6. | D93
hittp:/fwww _bloflux.com.ro/aad



Maximum density {g L'1)

B0
0,70
0,60
0,50
0,490
0,320
0,20
0,10
0,00 -

HTC mT24 mTi2
Figure 2. Maximum density of A. platensis biomass.

Table 1
Maximum density of A. platensis in treatment stirring on A. platensis culture media from
Clarias waste water

L . Group of cycle Draigtnet ot
Treatment of stirring media treatment (T)
1 2 3
TC 0.80 0.65 0.52 0.66 + 0.14
T24 0.80 0.68 0.67 0.72 + 0.07
T12 0.80 0.66 0.61 0.69 £ 0.10
Mean 0.80 £ 0.00 0.664£0.02 0.60L0.08

Based on Table 1, the highest density of A. platensis was seen in replicate 1 (first culture
cycle) with a biomass of 0.80 g L-! and after that, it decreased gradually to 0.66 g L™!, 0.60
g L't. The high and low density of A. platensis was determined by the nutrients that were
still present in the cultivation medium. The N ratio affects the growth of microalgae and
the level of light intensity that enters the media. The maintenance of A. platensis describes
the growth phase from the first day to the 10th day slowly, because of cells adapting to
the new environmental conditions. All treatments had an average increase on day 8. This
explains that the growth of A. pfatensis cells undergo division. The existence of cell division
causes the growth of A. platensis to run quickly because the growth medium of A.
platensis is rich in nutrients that are needed for its growth. On day 8 the maximum density
of A. platensis culture was reached. After the 8th day, all treatments experienced a decline
(death) phase on average. This is caused the number of nutrients in the media had
decreased. However, A. platensis cells were still able to divide but the number was not as
large as in the growth phase.

According to Budiardi et al (2010}, the death phase is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in
growth of A. platensis occurs due to reduced nutrients caused by the increase in A. platensis
biomass, as a result, biomass needs to compete for nutrients in the culture medium. In
addition, the denser the biomass results in the reduced intensity of light entering the
culture media so that it can interfere with the biomass to carry outphotosynthesis. The
pinwheel and aeration aid in the agitation of the medium containing nutrients and algae so
that all cells are thoroughly exposed to the nutrients and light supplied. In addition, the
agitation caused by the velocity of the bubbles produced was not good because not all parts
of the cells were exposed to the nutrients from the medium. High bubles aeration can also
give less than optimal results on biomass density in the Arthrospira culture (Jung et al
2019)
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Specific growth rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth (Santosa 2010). The value of the specific growth rate of A.
platensis for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d)
0,3

0,25
0.2

0,15
0,1

0,05
a |

BTC MTZ24 mTl2

Figure 3. Specific growth rate of A. platensis in growth phase.

Table 2
Specific growth rate of A. platensis (%.day ') in treatment stirring and on A. platensis
culture media from Clarias waste water

Group of cycle The elierkof
Treatment of stirring media treatment (T)
I 2 3
TC 25.99 22.69 22.19 23.63 4+ 2.07
T24 25.99 19.27 18.22 21.16 + 4.22
T12 25.99 20.97 16.35 21.11 + 4.82
Mean 25.994-0.00 20.98+4+1.71 18.9242.98

Based on the results in Table 2, the treatment control gave the best specific growth rate
value of 23.63% per day. The 24 hours stirring gave the lowest growth rate value of
21.11% per day. Although, the specific growth rate of A. platensis biomass in all of the
results of the treatment is not different significantly. The high growth rate is caused by
sufficient carbon dioxide which is diffused with aeration bubbles. According to de Godos
et al (2014), the growth rate is influenced by the limitations of carbon dioxide in the media.
Under phototrophic growth conditions in raceway pond cultures, the carbondioxide
becomes very limited. It can be at least 5% of the carbon required by algal cultures is
released directly into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of culture. In the first cycles of culture, the biomass had better conditions than in the
third cycle. The biomass of A. platensis needs the micronutrient for growth. The wastewater
medium is less micronutrient for enhancing growth. It can be suggested for adding the
micronutrient such as vitamins and trace minerals in the culture media for increasing the
performance of A. platensis cells, especially for enhancing the growth. According to
Borowitzka and Vonshak (2017), potential problems with media recovery are selective
enrichment of cultured contaminating organisms or unwanted cell morphologies; build-up
of specific ions that negatively impact algal growth; establishment of auto-inhibition; cell
disruption during harvest resulting in increased dissolved organic matter; flocculants
residues lead to flocculation of cells in the culture. For the medium to be recovered may
require some pretreatment or conditioning before being returned to the culture tank. Most
large commercial algae producers have successfully implemented moderate recovery.
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Reduction of total nitrogen content. Ammaonia in the form of ammonium is used by A.
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae
growth is generally absorbed in the form of nitrate (NO:7). Nitrate is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NH4*) so that it can be
synthesized through various amino compounds in Spirulina (Widyantoro et al 2018). The
percentage of nitrogen reduction have beeen shown in Table 3.

Table 3
Reduction of total nitrogen content in A. platensis culture media

The effect of

Group of cycle treatment {T)

Treatment of stirring media

1 2 3
TC 97.54 98.82 9B.76 08.38 + 0.73
T24 99.28 99.19 99.01 99.16 + 0.14
Ti2 92.75 95.71 98.07 95.51 ; 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in treatment
T24 (99.161%) is higher than in treatment TC (98.373%), and T12 (95.507%). However,
based on analysis of variance between treatments and groups, the percentage reduction
of nitrogen content had no significant effect. A. platensis in T24 treatment was able to
utilize more nitroegen content. In this study A. platensis inwastewater of Clarias catfish can
reduce total nitrogen media by more than 95%. The study of A. platensis in wastewater of
Nile tilapia (Oreochromis niloticus) reared in bioflocsystem media can remove the nitrogen,
such as Nitrate uptake of 99%, 80% of Total Ammonia Nitrogen and 90% of Nitrite for 10
days (de Moraes et al 2021). Ammonia can remove 87.77 + 1.01% by Spirulina platensis
cultured in wastewater of Pangasius catfish reared for 10 days (Wijayanti et al 2019). Thus,
given the results obtained, besides being able to grow in wastewater, A. platensis can also
be used in bioremediation processes of aguaculture wastewater.

Phycocyanin yield. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of
phycocyanin was obtained from TC which was an average of 0.464 mg mL?1. While the
lowest levels of C-phycocyanin were in treatment 1 with an average of 0.39 mg mL™. The
yield value of phycocyanin A. platensis for each treatment is presented in Table 4.

Table 4
Phycocyanin (%) of A. platensis dry biomass at 10 days after cultivation
FrasitaE of Sirig e Group of cycle The effect of treatment (T)
1 2 3
TC 5.098 1.192 5.315 3.87 + 2.32
T24 5.043 2.391 2.318 3.25 £ 1.55
T12 3.300 2.697 4.350 3.45 + 0.84

The analysis of variances at the treatment effects of phycocyanin yield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phycocyanin yield. The highest phycocyanin yield was obtained in the treatment using an
aerator for 24 hours day* (3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day ™ (3.25%). According to Zhou et al (2017), pH value and salinity
of culture media conditions can affect protein levels in A. platensis cells, differences in
salinity affect the external osmotic pressure of A. platensis cells causing changes in cell
composition, especially phycocyanin. Sharma & Tiwari (2011) stated that
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the environment includes nutrient availability, pH, salinity, light, and temperature can
influence the growth and bio pigments accumulation of cyanobacteria biomass.

Business analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish is
IDR 19,000 kg, the price of feed is IDR 11,000 kg, the price of electricity is IDR 1,445
kWh-, the price of salt is IDR 5,000 kg and the selling price of catfish IDR 22,000 kg™!,
selling price of A. platensis IDR 500 g*, with investment in tools such as a dynamo (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, containers IDR
80,000 with a service life of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life
of 4 years and Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI in each treatment and group. Business analysis has been shown in Table 5 and
Table 6.

R/C Ratio (Return Cost Ratio) is a comparison between total revenue and production
costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, thenthe business
is efficient and profitable, R/C ratio = 1, then the farm is breaking even, andR/C ratio < 1,
then it is not efficient or harmful. ROI (Return On Investment) is @ comparison between
the total profit and production costs in percent. There are three criteria in ROI: ROI is
positive, then the business is efficient and profitable, ROI = 0, thenthe farm is break-even,
and ROI is negative, so it is not efficient or detrimental.

The results of the Honestly Significant Difference test showed that the R/C ratio and
ROI in treatment TC (aeration for 24 hours day*) were significantly lower than treatments
T24 and T12. But, treatments T24 and T12 were not different significantly, although the
highest value was in the T12 treatment. In the T12 treatment, the R/C Ratioand ROI were
the highest, while in the control treatment the R/C Ratio and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of electricity
up to 46% of the total production cost, so it was less economical if done in cultivation.

Table 5
Components of production costs and revenues to calculate Revenue Cost Ratio (R/C) and
Return of Investment (ROI) in A. platensis culture integrated with Clarias catfish rearing

systems
Value (IDR) per cycle
Components Valua TC T24
(IDR)
G1 G2 G3 G1 G2 G3 G1

Production cost

Investment cost

Dynamo 18000 0,00 0,00 0,00 173,08 173,08 173,08 173,

Pinwheel 30000 0,00 0,00 0,00 288 46 288,46 288 46 288,

Aerator 37000 474,36 474,36 474,36 0,00 0,00 0,00 0,

Container 80000 512 82 512 82 512,82 512 82 512,82 512,82 512,

Tube lamp 47000 451,92 451,92 451,92 451,92 451,92 451,92 451,

Asahi cloth 18000 173,08 173,08 173,08 173,08 173,08 173,08 173,

Variable cost

Fish feed 11000 2546,17 3942,40 2079,00 3627,91 4400,00 3069,00 3092,

Electricity 1444,7 13695,76 13695,76 1189277 1092193 11615,39 11615,39 10921,

Fish 15000 6000,20 8763,37 15038,50 6093,30 10352,72 18483,20 6591,

Coarse salt 5000 800,00 800,00 800,00 800,00 800,00 800,00 800,
Total production cost 24654,31 28813,71 3142245 23042,50 28767,47 35566,95 23004,
Income

Catfish 22000 1014706 17413,00 20086,00 11987 36 21401,60 25539,80 13619,

Product A. platensis
flour 500 10500,00 9675,00 7800,00 11250,00 10200,00 10050,00 10500,
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Total income 20647,06 27088,00 27886,00 2323736 31601,60 3558980

Profit -4007,25 -1725,71 -3536,45 194,86  2834,13 22,85

R/C 0,84 0,94 0,89 1,01 1,10 1,00

ROI -16,25 -5,99 -11,25 0,85 9,85 0,06
Table 6

Revenue Cost Ratio (R/C) and Return of Invesment (ROI) in A. platensis culture
integrated with Clarias catfish rearing systems, and the feed conversion ratio of the
catfish rearing

Feed Conversion Ratio

Mg eSS MRmstAe T (reR) in ot
wT BT rearing
TS 0.942 £ 0.050 @ -5.756 + 5,025° 1.38 + 0.33
T24 1.098 + 0.059 " 9.821 + 5.907° 1.30 +£ 0.30
T12 1.120 + 0.068 P 12.013 + 6.842b 1.04 ; 0.40

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was IDR
12,780 and catfish earn was IDR 21,294, product A. platensis flour was IDR 9,850 with a
total income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis in 30 liters of media and 20 fish). A. platensis in 12,000 liters of media
and 8,000 fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788with a
production cost of IDR 6,929,908 in 1 cycle, if in 1 year of production there are 26 cycles
then the profit obtained will reac IDR 143,722 495.

Concluslons. The utilization of catfish culture wastewater for the culture of A. platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A. platensis, the reduction
of total nitrogen content in the media, and the yield of phycocyanin. The best growth rate
and total nitrogen reduction were obtained in treatment T24 (stirring using a mill for
24hours per day). The result of the business analysis was better using a raceway system
with wheel| rotation than using an aeration system. The treatment stirring wheels 12 hours
per day is the best result for scaling up Arthrospira production at an outdoor integrated
pond system.
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Abstract. Arthrospira |s a cyanobacteria that contains high levels of protein, fatty acids, minerals, vitamins,
amino acids, and phycocyanins. The cultivation of Arthrospire plafensis is constrained by fertilizers that
have relatively high prices, so alternative fertilizers are used, one of which IS catfish waste which has
sufficient nutrient content for the growth of A, platensis which can be integrated as IMTA (Integrated Mubti-
trophic HIILH:ICIJILUPE} Clarias-Arthrospira, Cultures of A, plalensis on a mass scale often use open culture
ponds in the form of raceways because they are easy to handle. Raceway pond agitation uses pedals that
rotate for 24 hours leading to high electricity usage costs which account for 23% of total production costs.
This study aims o determine the efficlent stirring time on the growth of microalgae A, platensis. This study
used 3 treatments with different stirfing frequencies, namely treatment 1 stirring for 24 howrs (T24),
treatment 2 stirring for 12 hours (T12), and control using aeration for 24 hours (TC). After harvesting the
biomass, the water from filtration has flowed into the catfish rearing container. Parameters observed were
daily density of A. platensis, specific growth rate of

A. platensis, revenue-cost (R/C) ratio, return of mnvestment [ROI) and feed conversion ratio of catfish
rearing that was used for A. platensis production. The results of the specific growth rate of A. platensis in
this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximum density at TC and T12
was 0.8 g.L"! on day 10 while at T24 0.8 g.L" on day 9. Revenue Cost (R/C) ratio can be reached at TC
0.94, T24 1.09, T12 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments with
A, platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04 respectively.
The stirring wsing a raceway container for 12 hours produced the best results compared to other
treatments.

Key Words: A. platensis, bfc ratio, Clarias catfish rearing, raceway.

Introduction. Aguaculture techno-economics Is a complete study to scale up aguaculture
business from pilot plant scale to mass scale or industrial scale, to ensure environmental-
system stability and economic analysis of the feasibility of aguaculture, The development
of fish farming is being intensified as an effort to meet the food needsof the community,
especially protein. The Ministry of Maritime Affairs and Fisheries (KKP) launched the 2021
KKP's tagline "Mobilizing aguaculture, it is belleved that It can support food security and
regional economic development amid the Covid-19 Pandemic” (https://kkp.qo.id/dipb,
2022}, which Is to drive aquaculture by paying attention to environmental sustainability
and encouraging community economic turnover (Antara, 2021). The Increasingly limited
land and water for fish cultivation make the need for zero waste aquaculture technology
that is approached with a recirculation system (Ramll et al 2020). The productivity of fish
farming pond recirculation systems can be increased by using the IMTA (Integrated Multi-
trophic Aquaculture) system. Integrated multi-trophic aquaculture (IMTA) is a production
system of aquatic biota in which various species, of different trophic levels, are raised near
each other and the by-products (organic and inorganic waste) of one cultured species are
recycled to be used as nutrients for other biotas. IMTA can reduce the ecological impact
around aquaculture operations, Increase social perceptions of aguaculture, and provide

financial benefits to aquaculture actors
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through product diversification, faster production cycles, and better Income on IMTA
products (Knowler et al 2020). The concept of fish production and remediation aguaculture
commodities such as microaigae and cyanobacteria with high economic valuecan be an
alternative for zero waste swamp aguaculture systems.

Cyanobacteria have been shown to be a rich source of biologically active secondary
metabolites including antiviral, anti-inflammatory, Immunostimulant agents, and their
medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et al 2020). Tiwarl and
Tiwari (2020} have summarized and updated therapeutic applications, Cyancbacteria Iin
drug development, with the Introduction of the new term "cyanotherapeutics”, after many
studies have shown that these cyanobacteria have immunomedulatory, antitumor-
anticancer, antiviral-antiHIV, antibacterial, antimalarial, antidiabetic activities which are
specific characters for drug candidates {Naldoo et al 2020). Arthrospira which is the only
cyanobacteria that is safe for consumption free of toxins can be used to treat wastewater,
including waste from fish farming because blomass can metabollze nutrients and remove
pollutants from aquaculture waste efficiently (Zhang et al 2019). Treatment of industrial
waste and by-products can be usedfor alternative culture media for Spirulina (Arthrospira)
production as well as fish farming wastewater (Wijayanti et al 2019; Widyantoro et al 2018;
Ragaza et al 2020). Arthrospira (Spirulina) cultivation in fish pond wastewater can have
certain characteristics. Their adaptation growing in organic wastewater makes changes in
the bioactive and production of important compounds. Phycocyanin is blue pigment In
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwari & Tiwari 2020). Arthrospira cultured in catfish culture waste media 100%
laboratory-scale bulk system can produce 8 maximum density of 0.867 grams dry weight
per liter, the growth rate of 22.026% day ' and 11.347 mg g™ phycocyanin yleld and able
to reduce nitrogen waste by more than 80% and phosphate by more than 70% (Wijayanti
et al 2020).

The design of the cyanobacterial bioreactor influences the Iimportant phyto-
biochemical content contained In the post-harvest biomass, Determination of the design
and culture system that is better and low-cost, will increase the practical and economic
feasibllity of Integrating cyanobacteria in aguaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aquaculture
recirculating system (Ramili et al 2020). Increasing the scale of production from a closed
system to an open system |s an important step for the stability of product quality and
quantity, the technological and economic feasibility of the IMTA system. The pilot-scale Is
used for commercial-scale preparation. Open pond bioreactors are often used because they
are easy and inexpensive to maintain {Mutiah & Kholrunisa 2013). There are two types of
open pond bioreactors, raceway, and circular/central pivot ponds. Circular pondswhere
mixing is done by agitators or raceway ponds are equipped with a paddle wheel agitation
system (Fazal et al 2018). De Jesus et al (2018) showed that 24-hour stirring resulted In
a biomass concentration of 1.60 + 0.04 g L™f, biomass productivity of 0.054 +
0.003 gL' h!, and a specific growth rate of 0.05 + 0.002 h™' on the coast of Bahila In
the city of Salvador, Brazil, and in the city of Camagua, Brazil it's yield density was of
0,90 + 0.02 gL, blomass productivity of 0.009 £+ 0.001 gL' h™! and specific growth of
0.02 £ 0.001 h™t. However, stirring for 24 hours resulted in the use of high electrical
energy.

Jonker and Faaij (2013) concluded the electric energy consumption of stirring is
23% of the total energy demand. The difference in the stirring time of A, platensis culture
with catfish culture wastewater has never been studied before. Therefore, it Is Important
to study differences in the length of time for stirring Arthrospira culture media to make
electricity use efficient and maximize the growth of Spirulina In catfish culture wastewater
media by knowing the highest maximum population density of Arthrospira.

Material and Method. This study was conducted from April to November 2021 at the
Laboratory of Aquaculture, Sriwljaya University, Indralaya, Ogan Ilir, South Sumatra,
Indonesia. The experimental design used in this study was a Randomized Block Design
using 3 treatments of agitation
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methods: control using 24-hour aeration day™! (TC), stirring for 24 hours day™ (T24) and
stirring for 12 hours day™® (T12). The replications of culture time cycling were first culture
cycle, second culture cycle, and third culture cycle of integrated Clarias catfish- Arthrospira
culture.

Figure 1. Design of Integrated Clarias catfish - Arthrospira culture In this study.

Preparation of Arthrospira growing media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aguarium. The density of catfish
reared is 500 fish/m?with a size of 12+1 cm with a salinity of 4 ppt (Sitle et al 2017) and
a pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance catfish were fed floating pellets
with a protein content of 31-33%. Feed |s glven 2 times a day {(morming and evening) at
satiation. No water changes are made during fish rearing. After rearing the catfish, the
wastewater from catfish farming is taken and filtered using a 30-40 micron cloth to clean
the wastewater from dirt and insoluble feed residue.

Culturing and harvesting Arthrospira platensis. A. platensis used was first cultured as
initial stock Inoculum (Aquaculture Laboratory culture collection at Sriwljaya University)
with a minimum density of £ 1.0 g L', Then the A, platensis seeds were put into the catfish
culture wastewater media, with an initial density of £ 0.1 g L™!. The lighting time with the
help of flucrescent lamps Is 12 hours (Oktafiani & Hermana 2013; Budiardi et al 2010).
Agitation was carried out using a mill with a speed of 5-6 rpm. The control had aeration
using an aerator for 24 hours, treatment 1 was stirred for 24 hours, while in treatment 2
the stirring was for 12 hours (06:00 am - 6:00 pm),

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis is carried out using a cloth filter measuring 30-40 microns
{Wijayanti et al 2020). A. p/atensis was filtered with a cloth then weighed for thewet weight
and then put into a porcelain crucible, then dried in an oven at 40°C for 18 hours (Afriani
et al 2018 modification), then mashed In a mortar.

Daily density measurement. In this study, the initlal density of A, platensis was
measured using 1 milliliter of A, platensis culture samples In each treatment with 3
replications. The 1 milliliter water sample was put into a pre-weighed aluminum foil bowl.
The wet samples were then dried In an oven at 40°C for 18 hours. The dried water
sample after the oven treatment was reweighed to obtain dry weight biomass, The dry
weight of A. platensis biomass was then converted to g L. Measurement of the density
of A. platensis was carried out in each treatment every day at the same hour.

Arthrospira platensis daily growth rate. The dally growth rate (u) of A. platensis can

be calculated using the Vonshak formula p= {{in Mt- In No)/t) x 100%, Nt is bliomass
concentration at t days culture, No is initial biomass at 0 day culture (Vonshak 2002).
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Extraction and measurement of phycocyanin yield. The dry blomass of 4. platensis
was taken at 0.04 g after passing through the exponential phase (harvest) for preparing
phycocyanin extraction. The method of phycocyanin extraction followed previous studies
(Wijayantl et al 2020). The absorbance of the extracted supermatant was measured using
a spectrophotometer at a wavelength of 615 nm and 652 nm for determining phycocyanin
yield with Bennett & Bogorard formulas : C-phycocyanin (mg mLt ) = ({00 615) - 0.474
(0D 652))/5.34; and Phycocyanin yleld {mg g™') = (C-phycocyanin x Solvent volume )/ Dried
Biomass (Bennett & Bogorad 1973).

Reduction of total nitrogen content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase in each
treatment).

Business analysis. Profit calculation is done by R/C Ratio and ROI, which is calculating
the selling price of catfish and A. platensis dry biomass divided by production costs
including feed costs, electricity usage for biomass production, and drying time for one
production cycle in each treatment.

RCR = }gﬂ| Revenue ROI =
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is
presented In graphical form. Specific growth rate data, phycocyanin yleld, reduction of total
nitrogen, R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A, platensis for each culture treatment have

been shown in Figure 1. The time of achieving the highest density of A. platensis In each
treatment was eight days after cultivation start.

i B0

Biomass density (g L)

Day

0 1 2 1 & 5 & § & i 10

. o L L il T J
Figure 1. Biomass density of Arthrospira platensis for 10 days.

The maximum density In treatment TC was 0.645 g L™ on day 8, in treatment T24 it reached
0.693 g L' on day 8, in treatment T12 it reached 0.690 g L' on day 9. The maximum
density of A. platensis on treatments have been shown in Figure 2. It can be seen that the
highest density of A. platensis was in the T24 treatment with a biomass of 0.693 g L' and
T1Z with an average blomass of 0.690 g L', while the lowest density was in the TC
treatment, 0.645 g L%

AACL Bioflux, 2022, Valume 15, Issue 6, !WJ
http: Mwiana, bodlun:. oo, roy aacl



Maximum density (g L)

R0
o, ro
LR S
0,50
40
B30
.20
0,10
0,00

BRTC mT24 mTi2
Figure 2. Maximum density of A. platensis blomass.

Table 1
Maximum density of 4. platensis (g L) In treatment stirring on A. platensis culture
medla from Clarias waste water

The effect of

Giroup of cycle treatment (T}

Treatment of stirring media

1 2 3
TC 0.80 0.65 0.52 0.66 4+ 0.14
T24 0.80 0.68 0.67 0.72 &£ 0.07
Tiz 0.80 0.66 0.61 0.69 + 0.10
Mean 0.80 + 0.00 0.6640.02 0.6010.08

Based on Table 1, the highest density of A. platensis was seen in replicate 1 (first culture
cycle) with a blomass of 0.80 g L! and after that, it decreased gradually to 0.66 g L™, 0.60
g L''. The high and low density of A. platensis was determined by the nutrients that were
still present in the cultivation medium. The N ratio affects the growth of microalgae and
the level of light intensity that enters the media. The maintenance of A. platensis describes
the growth phase from the first day to the 10th day slowly, because of cells adapting to
the new environmental conditions. All treatments had an average increase on day 8. This
explains that the growth of 4. platensis cells undergo division. The existence of cell division
causes the growth of A, platensis to run quickly because the growth medium of A,
platensis is rich in nutrients that are needed for its growth. On day 8 the maximum density
of A. platensis culture was reached. After the 8th day, all treatments experienced a decline
(death) phase on average. This is caused the number of nutrients in the media had
decreased. However, A. platensis cells were still able to divide but the number was not as
large as in the growth phase.

According to Budiardl et al (2010), the death phase Is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in
growth of A. platensis occurs due to reduced nutrients caused by the increase In A. platensis
biomass, as a result, biomass needs to compete for nutrients In the culture medium. In
addition, the denser the blomass results in the reduced intensity of light entering the
culture media so that it can Interfere with the biomass to carry outphotosynthesis. The
pinwheel and aeration aid in the agitation of the medium containing nutrients and algae so
that all cells are thoroughly exposed to the nutrients and light supplied. In addition, the
agitation caused by the velocity of the bubbles produced was not good because not all parts
of the cells were exposed to the nutrients from the medium. High bubles aeration can also
give less than optimal results on blomass density in the Arthrospira culture (Jung et al
2019)
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Specific growth rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth {Santosa 2010). The value of the specific growth rate of A.
platensis for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d)
03 |

0,25

0,2

BTC mT24 mT12

Figure 3. Specific growth rate of A. platensis in growth phase.

Table 2
Specific growth rate of A, platensis (%.day™) in treatment stirring and on A. platensis
culture media from Clarias waste water

Group of cyele T SERE O
Treatment of stirring media treatment (T)
1 2 3
TC 25,99 22.69 22,19 23.63 + 2.07
T24 25.99 19.27 18,22 21.16 4+ 4.22
T12 25.99 20.97 16.35 21.11 + 4.82
Mean 25.99+0.00 20.98+1.71 1B.92+2.98B

Based on the resuilts In Table 2, the treatment control gave the best specific growth rate
value of 23.63% per day. The 12 hours stirring gave the lowest growth rate value of
21.11% per day. Although, the specific growth rate of A. pfatensis biomass in all of the
results of the treatment Is not different significantly. The high growth rate is caused by
sufficient carbon dioxide which is diffused with aeration bubbles. According to de Godos
et al {2014}, the growth rate is influenced by the limitations of carbon dioxide in the media.
Under phototrophic growth conditions In raceway pond cultures, the carbondioxide
becomes very limited. It can be at least 5% of the carbon required by algal cultures is
released directly into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of culture. In the first cycles of culture, the biomass had better conditions than in the
third cycle. The biomass of A. platensis needs the micronutrient for growth. The wastewater
medium |s less micronutrient for enhancing growth. It can be suggested for adding the
micronutrient such as vitamins and trace minerals in the culture media for increasing the
performance of A, platensis cells, especially for enhancing the growth, According to
Borowitzka and Vonshak (2017), potential problems with media recovery are selective
enrichment of cultured contaminating organisms or unwanted cell morphologles; bulld-up
of specific lons that negatively Impact algal growth; establishment of auto-inhibition; cell
disruption during harvest resulting In increased dissolved organic matter; flocculants
residues lead to flocculation of cells in the culture. For the medium to be recovered may
require some pretreatment or condltioning before being returned to the culture tank. Most
large commercial algae producers have successfully implemented moderate recovery.
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Reduction of total nitrogen content. Ammonla in the form of ammonium Is used by A,
platensis as a nitrogen source to stimulate Its growth. Mitrogen needed for microalgae
growth is generally absorbed in the form of nitrate (NOs). Nitrate is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NH4%) so that it can be
synthesized through various amino compounds in Spirwling (Widyantoro et al 2018). The
percentage of nitrogen reduction have beeen shown In Table 3.

Table 3
Reduction of total nitrogen content In A, platensis culture media
Th
Treatment of stirring media Group of cydle _Lmﬁtﬂﬁﬂt_ﬁ[Le e o
I 2 3
TC a97.54 98.82 98.76 98.38 + 0.73
T24 99.28 99.19 99.01 99.16 + 0.14
Tiz 92.75 895.71 98.07 95.51 ; 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in treatment
T24 (99.161%) is higher than In treatment TC (98.373%), and T12 (95.507%). However,
based on analysis of variance between treatments and groups, the percentage reduction
of nitrogen content had no significant effect. A. platensis In T24 treatment was able to
utilize more nitrogen content. In this study A, platensis Inwastewater of Clarfas catfish can
reduce total nitrogen media by more than 95%. The study of A. platensis In wastewater of
Mile tilapia (Oreochromis nifoticus) reared In biofloc system media can remove the nitrogen,
such as MNitrate Mitrogen uptake of 99%, B0% of Total Ammaonla Nitrogen and 90% of
Mitrite Mitragen for 10 days (de Moraes et al 2021). Ammonla can remove 87.77 £+ 1.01%
by Spiruling platensis cultured in wastewater of Pangasius catfish reared for 10 days
(Wijayanti et al 2019). Thus, given the results obtained, besides being able to grow in
wastewater, A. platensis can also be used in bioremediation processes of aguaculture
wastewater,

Phycocyanin yield. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract ylelds. Based on the research, the highest concentration of
phycocyanin was obtalned from TC which was an average of 0.464 mg mL. While the
lowest levels of C-phycocyanin were in treatment 1 with an average of 0.39 mg mL™'. The
yleld value of phycocyanin A, platensis for each treatment is presented in Table 4.

Table 4
Phycacyanin (%) of A. platensis dry biomass at 10 days after cultivation
Teoatmeant L s saecho Gmupzof cycle < The effect of treatrment (T)
TC 5.098 1.192 5.315 3.87 4232
T24 5.043 2.391 2.318 3.25 + 1.55
T12 3.300 2.697 4.350 3.45 + 0.84

The analysis of variances at the treatment effects of phycocyanin vield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phyecocyanin yield, The highest phycocyanin yield was obtained |n the treatment using an
aerator for 24 hours day™" (3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day ™ (3.25%). According to Zhou et al (2017), pH value and salinity
of culture media conditions can affect protein levels in A, platensis cells, differences in
calinity affect the external osmotic pressure of A. platensis cells causing changes in cell
composition, especially phycocyanin. Sharma & Tiwari (2011) stated that
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the environment includes nutrient avallability, pH, salinity, light, and temperature can
influence the growth and bio pigments accumulation of cyancbackeria biomass.

Business analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish s
IDR 19,000 kg™, the price of feed is IDR 11,000 kg™, the price of electricity is IDR 1,445
kiwh', the price of salt Is IDR 5,000 kg'! and the selling price of catfish [DR 22,000 kg'?,
selling price of A. platensis IDR 500 g™, with inwvestment In tools such as a dynamo (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service |ife of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, contalners IDR
80,000 with a service life of 6 years, Tube lamp {32 watts) IDR 47,000 with a service life
of 4 years and Asahl cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI In each treatment and group. Business analysis has been shown Iin Table 5 and
Table &.

R/C Ratio {Return Cost Ratio) Is a comparison between total revenue and production
costs. There are three criteria in the R/C ratlo, namely: R/C ratio > 1, thenthe business
is efficient and profitable, R/C ratio = 1, then the farm Is breaking even, andR/C ratio < 1,
then it is not efficient or harmful. ROT (Return On Investrment) is a comparison between
the total profit and production costs in percent. There are three critera in ROI: ROI is
positive, then the business is efficient and profitable, ROI = 0, thenthe farm |s break-even,
and ROI is negative, so it is not efficient or detrimental,

The results of the Honestly Significant Difference test showed that the R/C ratio and
ROI In treatment TC {aeration for 24 hours day'') were significantly lower than treatments
T24 and T12. But, treatments T24 and T12 were not different significantly, although the
highest value was in the T12 treatment. In the T12 treatment, the R/C Raticand ROI were
the highest, while In the control treatment the R/C Ratio and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of electricity
up to 46% of the total production cost, so It was less economical If done In culthvation.

Table 5
Components of production costs and revenues to caiculate Revenue Cost Ratio (R/C) and
Return of Investment (ROI) in A, platensis culture integrated with Clarias catfish rearing

systems
i Value (IDR) per cycle
Components {:D:e} TC T24
Gl G2 G3 Gl G2 G3 Gl
Production cost
Investment cost
Dynamo 18000 0,00 0,00 0,00 173,08 173,08 173,08 173,
Pinwheel 30000 0,00 0,00 0,00 288 46 288,46 288,46 288,
Aarator 37000 474 36 474,36 474 36 0,00 0,00 0,00 a,
Container 80000 512,82 512,82 512,82 512,82 512,82 512,82 512,
Tube lamp 47000 451,92 451,92 451,92 451,92 451,92 451,92 451,
Asahil cloth 18000 173,08 173,08 173,08 173,08 173,08 173,08 173,
Variable cost
Fish feed 11000 2546,17 394240 2079,00 362791 4400,00 3069,00 3092,
Electricity 1444,7 1369576 1369576 1189277 10921,93 1161539 1161539 10921,
Fish 19000 600020 8763,37 15038,50 609330 10352,72 1B4B3,20 6591,
Coarse salt 5000 800,00 BOO, 00 BOO, 00 800,00 BOO, 00 800,00 800,
Total production cost 24654,31 2881371 31422,45 2304250 2876747 35566,95 23004,
Income
Catfish 22000 1014706 17413,00 20086,00 1198736 21401,60 25539,80 13619,
Product A. piatensis
flowr 500 10500,00 9675,00 7BOO0,00 11250,00 10200,00 10050,00 10500,
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Total income 20647,06 27088,00 2788600 23237,36 3160160 3558980 24119

Profit -4007,25 -1725,71 -3536,45 194,86 2834,13 22,85 1114

R/C 0,84 0,94 0,89 1,01 1,10 1,00 1

ROI -16,25 ~5,99 -11,25 0853 9,85 0,06 4
Table 6

Revenue Cost Ratlo (R/C) and Return of Invesment (ROI) in A. platensis culture
integrated with Clarfas catfish rearing systems, and the feed conversion ratio of the
catfish rearing

Feed Conversion Ratlo

Treatment of Mean of R/C value Mean of ROI value

stirring media (HS Dnu!:‘:- S (HSDoo.05- 6583) {FC";LL”rIg;mS“
TC 0.942 £ 0.050 = -5.756 £ 5.025° 1.38 + 0.33
TZ4 1.098 + 0.059 & 9.821 + 5,907% 1.30 4 0.30
Ti2 1.120 £ 0.068 " 12.013 + 6.842% 1.{:I4=1.-|tl,4ﬂ

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was IDR
12,780 and catfish earn was DR 21,294, product A, platensis flour was IDR 9,850 with a
total Income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis in 30 liters of media and 20 fish). A. platensis in 12,000 liters of media
and 8,000 fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788with a
production cost of IDR 6,329,308 in 1 cycle, If In 1 year of production there are 26 cydes
then the profit obtained will reac IDR 143,722,495.

Conclusions. The utilization of catfish culture wastewater for the culture of A, platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A. platensis, the reduction
of total nitrogen content in the media, and the yield of phycocyanin. The best growth rate
and total nitrogen reduction were obtained in treatment T24 (stirfing using a mill for
24hours per day). The result of the business analysis was better using a raceway system
with wheel rotatlon than using an aeration system. The treatment stiriing wheels 12 hours
per day Is the best result for scaling up Arthrospira production at an outdoor Integrated
pond system.
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Abstract. Arthrospira is a cyanobacteria that contains high levels of protein, fatty acids, minerals,
vitamins, amino acids, and phycocyanins. The cultivation of Arthrospira platensis |s constrained by
fertilizers that hawve relatively high prices, so alternative fertilizers are used, one of which is catfish waste
which has sufficient nutrignt content for the growth of A, platensis which can be integrated as [MTA
{Integrated Multi-trophic Aguaculture) Clarfas-Arthrospira. Cultures of A. platensis on a mass scale often
use open culture ponds in the form of raceways because they are easy to handle. Raceway pond
agitation uses pedals that rotate for 24 hours leading to high electricity usage costs which account for
23% of total production costs. This study aims (o determine the efficient stirring time on the growth of
microaigae A. platensis. This study used 3 treatments with different stirring frequencies, namely
reabment 1 stiering for 24 hours (T24), treatment 2 stirving for 12 hours (T12), and control wsing
aeration for 24 hours (TC). After harvesting the blomass, the water from filtration has flowed into the
catfish rearing container, Parameters observed were daily density of A, platensis, specilic growth rate of
A, platensis, revenue-cost (R/C) ratio, return of investment (ROI) and feed conversion ratio of catfish
rearing that was used for A. platensis production. The results of the specific growth rate of A. platensis in
this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximwm density at TC and T12
was 0.8 g.L'! on day 10 while at T24 0.8 g.L* on day 9. Revenue Cost {R/C) ratio can be reached at TC
0,94, T24 1.09, Ti2 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments
with A. platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04
respectively. The stirring using a raceway container for 12 hours produced the best resuits compared to
other treatments.

Key Wards: A, piatensis, Clarias catfish rearing, r/c ratio, raceway.

Introduction. Aquaculture techno-economics is a complete study to scale up
aguaculture business from pilot plant scale to mass scale or industrial scale, to ensure
environmental-system stability and economic analysis of the feasibility of aquaculture,
The development of fish farming is being intensified as an effort to meet the food needs
of the community, especially protein. The Ministry of Maritime Affairs and Fisherles (KKP)
launched the 2021 KKP's tagline "Mabilizing agquaculture, it is believed that it can support
food security and reglonal economic development amid the Covid-19 Pandemic” (KKP
2021), which is to drive aquaculture by paying attention to environmental sustainability
and encouraging community economic turnover (Antara 2021). The increasingly |imited
land and water for fish cultivation make the need for zero waste aquaculture technology
that is approached with a recirculation system (Ramli et al 2020). The productivity of fish
farming pond recirculation systems can be increased by using the IMTA {Integrated Multi-
trophic Aquaculture) system. Integrated multi-trophic aguacuiture (IMTA) is a production
system of aguatic biota in which varlous species, of different trophic levels, are raised
near each other and the by-products (organic and inorganic waste) of one cultured
species are recycled to be used as nutrients for other biotas. IMTA can reduce the
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ecological impact around aguaculture operations, increase social perceptions of
aquaculture, and provide financial benefits to aguaculture actors through product
diversification, faster productlon cycles, and better Income on IMTA products (Knowler et
al 2020). The concept of fish production and remediation agquaculture commaodities such
as microalgae and cyanobacteria with high economic value can be an alternative for zero
waste swamp aquaculture systems.

Cyancbacteria have been shown to be a rich source of blologically active
secondary metabolites Including antiviral, anti-inflammatory, immunostimulant agents,
and their medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et ail 2020).
Tiwari and Tiwari (2020) have summarized and updated therapeutic applications.
Cyanobacteria in drug development, with the introduction of the new term
"cyanotherapeutics”, after many studies have shown that these cyanobacteria have
immunomeodulatory, antitumor-anticancer, antiviral-antiHIV, antibacterial, antimalarial,
antidiabetic activities which are specific characters for drug candidates (Maidoo et al
2020). Arthrospira which is the only cyanobacteria that is safe for consumption free of
toxins can be used to treat wastewater, Including waste from fish farming because
biomass can metabolize nutrients and remove pollutants from aquaculture waste
efficiently (Zhang et al 2019). Treatment of industrial waste and by-products can be used
for alternative culture medla for Spirulina (Arthrospira) production as well as fish farming
wastewater (Wijayanti et al 2019; Widyantoro et al 2018; Ragaza et al 2020).
Arthrospira  (Spiruling) cultivation In fish pond wastewater can have certain
characteristics. Their adaptation growing in organic wastewater makes changes in the
bicactive and production of important compounds. Phycocyanin is blue pigment in
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwari & Tiwari 2020). Arthrospira cultured In catfish culture waste media 100%
laboratory-scale bulk system can produce a maximum density of 0.867 grams dry weight
per liter, the growth rate of 22.026% day! and 11.347 mg g phycocyanin yield and able
to reduce nitrogen waste by more tham 80% and phosphate by more than 70%
{Wijayanti et al 2020).

The design of the cyanobacterial bioreactor influences the important phyto-
biochemical content contained in the post-harvest biomass, Determination of the design
and culture system that is better and low-cost, will increase the practical and economic
feasibility of Integrating cyanobacteria In aquaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aguaculture
recirculating system {Ramli et al 2020). Increasing the scale of production from a closed
system to an open system |s an important step for the stability of proeduct guality and
quantity, the technological and economic feasibility of the IMTA system. The pilot-scale is
used for commercial-scale preparation. Open pond bioreactors are often used because
they are easy and Inexpensive to maintain (Mutiah & Khoirunisa 2013). There are two
types of open pond bioreactors, raceway, and cireular/central pivot ponds. Circular ponds
where mixing is done by agitators or raceway ponds are equipped with a paddle wheel
agitation system (Fazal et al 2018). De Jesus et al (2018) showed that 24-hour stirring
resulted in a blomass concentration of 1.60 + 0,04 g L%, biomass productivity of 0.054 +
0.003 g L' h™!, and a specific growth rate of 0.05 £ 0.002 h™' on the coast of Bahia in
the city of Salvador, Brazil, and in the city of Camaqua, Brazil it's yvield density was of
0.90 + 0.02 gL™*, biomass productivity of 0.009 £ 0.001 gL~ h™* and specific growth of
0.02 = 0.001 h~'. However, stirring for 24 hours resulted in the use of high electrical
energy.

Jonker and Faaij (2013) concluded the electric energy consumption of stirring is
23% of the total energy demand. The difference in the stirfing time of A. platensis
culture with catfish culture wastewater has never been studied before. Therefore, It is
important to study differences In the length of time for stirring Arthrospira culture media
to make electricity use efficlent and maximize the growth of Spirviina In catfish culture
wastewater media by knowing the highest maximum population density of Arthrospira.
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Material and Method. This study was conducted from April to November 2021 at the
Laboratory of Aquaculture, Sriwijaya University, Indralaya, Ogan Ilir, South Sumatra,
Indonesia. The experimental design used in this study was a Randomized Block Design
using 3 treatments of agitation methods: contral using 24-hour aeration day! (TC),
stirring for 24 hours day™* (T24) and stirring for 12 hours day™® (T12). The replications of
culture time cycling were first culture cycle, second culture cycle, and third culture cycle
of integrated Clarias catfish- Arthrospira culture.

Figure 1. Design of Integrated Clarfas catfish - Arthrospira culture in this study.

Preparation of Arthrospira growing media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium. The density of
catfish reared Is 500 fish/m*® with a size of 1241 cm with a salinity of 4 ppt (Sitlo et al
2017) and a pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance catfish were fed
floating peliets with a protein content of 31-33%. Feed is given 2 times a day (morning
and evening) at satiation. No water changes are made during fish rearing. After rearing
the catfish, the wastewater from catfish farming is taken and filtered using a 30-40
miicron cloth to clean the wastewater from dirt and insoluble feed residue.

Cufturing and harvesting Arthrospira platensis. A. platensis used was first cultured
as initlal stock Inoculum (Aquaculture Laboratory culture collection at Sriwijaya
University) with a minimum density of £ 1.0 g LY. Then the A, platensis seeds were put
into the catfish culture wastewater media, with an Initial density of £ 0.1 g L' The
lighting time with the help of fluorescent lamps is 12 hours (Oktafian! & Hermana 2013;
Budiardi et al 2010). Agitation was carried out using a mill with a speed of 5-6 rpm. The
control had aeration using an aerator for 24 hours, treatment 1 was stirred for 24 hours,
while in treatment 2 the stirrfing was for 12 hours (06:00 am - 6:00 pm).

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis Is carried out using a cloth filter measuring 30-40
microns {Wijayanti et al 2020). A. platensis was filtered with a cloth then weighed for the
wet welght and then put into a porcelaln crucible, then dried in an oven at 40°C for 18
hours (Afrian| et al 2018 modification), then mashed In a mortar,

Daily density measurement. In this study, the Initlal density of A platensis was
measured using 1 milllliter of A. platensis culture samples in each treatment with 3
replications. The 1 milliliter water sample was put into a pre-weighed aluminum foil bowl.
The wet samples were then dried In an oven at 40°C for 18 hours, The dried water
sample after the oven treatment was reweighed to obtaln dry weight biomass. The dry
weight of A. platensis biomass was then converted to g L', Measurement of the density
of A, platensis was carrled out In each treatment every day at the same hour.
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Arthrospira platensis daily growth rate. The daily growth rate (u) of A, platensis can
be calculated using the Vonshak formula p= ((In Nt- In No)/t) x 100%, where Nt is the
blomass concentration at t days culture and No Is the |nitial blomass at 0 day culture
{Vonshak 2002},

Extraction and measurement of phycocyanin yield. The dry biomass of A. platensis
was taken at 0.04 g after passing through the exponential phase (harvest) for preparing
phycocyanin extraction. The method of phycocyanin extraction followed previous studies
{Wijayanti et al 2020). The absorbance of the extracted supernatant was measured using
a spectrophotometer at a wavelength of 615 nm and 652 nm for determining
phycocyanin yield with Bennett and Bogorard formulas : C-phycocyanin (mg mL-1 } =
({00 615) - 0.474 (0D 652))/5.34; and Phycocyanin yield {(mg g-1) = (C-phycocyanin x
Solvent volume)/Dried Biomass (Bennett & Bogorad 1973).

Rediuction of total nitrogen content. Reduction of total nitrogen content In the media
was carried out at the beginning and end of the study (1 day after the peak phase in
each treatment).

Business analysis. Profit calculation is done by R/C Ratio and ROI, which is calculating
the selling price of catfish and A, platensis dry biomass divided by production costs
including feed costs, electricity usage for biomass production, and drying time for one
production cycle In each treatment.

RCR = Total Revenue ROl = _ Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction In total nitrogen content of each treatment medium were
analyzed for variance (ANOVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is
presented In graphical form. Specific growth rate data, phycocyanin yield, reduction of
total nitrogen, RfC ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A. platensis for each culture treatment

have been shown in Figure 1. The time of achieving the highest density of A. platensis in
each treatment was eight days after cultivation start.

1,800

Blomass density [g L)

700
00
500
0400
0,300

(3 2000 D‘l'p’

o008

CLO0G
0 1 2 3 4 K & p ) B q 14

T —l=T14 ——T111
Figure 1. Biomass density of Arthrospira platensis for 10 days,
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The maximum density in treatment TC was 0.645 g L™ on day B, in treatment T24 it
reached 0.693 g L'! on day 8, In treatment T12 it reached 0.6%0 g L on day 9. The
maximum density of A. platensis on treatments have been shown In Figure 2. It can be
seen that the highest density of A, platensis was in the T24 treatment with a biomass of
0.693 g L'! and T12 with an average biomass of 0.690 g L*!, while the lowest density was
in the TC treatment, 0.645 g L.

Maximum density (g L)

0.80
0.70
0.60
0.50
0,40
0,30
0,20
0,10
0,00

BTC mTl4 mT12

Figure 2. Maximum density (g L-1) of A, platensis biomass,

Table 1
Maximum density (g L'1] of A. platensis in treatment stirring on A. platensis culture media from
Ciarias waste water

Treatment af Group of cycle The effect of
stirring media Srastment ()
I 2 3

TC .80 0.65 0.52 0.6640.14
T24 0.80 0.68 0.67 0.72+0.07
T12 0.80 0.66 0.61 0.69+0.10
Mean 0.80+0.00 0.6610.02 0.60+0.08

Based an Table 1, the highest density of A. piatensis was seen in replicate 1 (first culture
cycle) with a biomass of 0.80 g L' and after that, it decreased gradually to 0.66 g LY,
0.60 g L'\, The high and low density of A. platensis was determined by the nutrients that
were still present in the cultivation medium. The N ratio affects the growth of microalgae
and the level of light Intensity that enters the media. The malntenance of A. platensis
describes the growth phase from the first day to the 10th day slowly, because of cells
adapting to the new environmental conditions. All treatments had an average increase on
day 8. This explains that the growth of 4. platensis cells undergo division, The existence
of cell division causes the growth of A. platensis to run quickly because the growth
medium of A. platensis is rich in nutrients that are needed for its growth., On day 8 the
maximum density of A, platensis culture was reached. After the 8th day, all treatments
experienced a decline (death) phase on average. This is caused the number of nutrients
in the media had decreased. However, 4. platensis cells were still able to divide but the
number was not as large as In the growth phase,

According to Budiardl et al (2010}, the death phase |s due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in
growth of A, platensis occurs due to reduced nutrients caused by the increase in A,
platensis blomass, as a result, blomass needs to compete for nutrients In the culture

ARACYL Biofux, 2022, Valume 15, [5swe 6. I ['94
hitte: s fweie bdoflu. comra/ascl



medium. In addition, the denser the biomass results in the reduced intensity of light
entering the culture media so that It can interfere with the blomass to carry out
photosynthesis. The pinwheel and aeration aid in the agitation of the medium containing
nutrients and algae so that all cells are thoroughly exposed to the nutrients and light
supplied. In addition, the agitation caused by the velocity of the bubbles produced was
not good because not all parts of the cells were exposed to the nutrients from the
medium. High bubles aeration can also give less than optimal results on biomass density
in the Arthrospira culture (Junag et al 2019)

Specific growth rate, The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth [(Santosa 2010). The value of the specific growth rate of A,
platensis for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d?)
03

0,25
0.2
0,15
0.1
0,05

0

mTC MT24 WT12

Figure 3. Specific growth rate of A, platensis in growth phase,

Table 2
Specific growth rate (% per day) of A. piatensis in treatment stirring and on A. platensis
culture media from Clarias waste water

Treatment of Group of cycle tE:r:'rfﬁrf {::-;.5
stirring media 1 ) 3
TC 25.99 22.69 22.19 23.6312.07
T24 25.99 19.27 18.22 21.1614.22
Tiz 25.99 20.97 16.35 21.11+44.82
Mean 25.99+0.00 2098+1.71 18.92+2.98

Based on the results In Table 2, the control treatment gave the best specific growth rate
value of 23.63% per day, The 12 hours stirfing gave the lowest growth rate value of
21.11% per day. Although, the specific growth rate of A. platensis biomass in all of the
results of the treatment Is not different significantly. The high growth rate is caused by
sufficient carbon dioxide which is diffused with aeration bubbles. According to de Godos
et al (2014), the growth rate is influenced by the limitations of carbon dioxide in the
media. Under phototrophic growth conditions in raceway pond cultures, the carbon
dioxide becomes very limited, It can be at least 5% of the carbon required by algal
cultures Is released directly into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of culture. In the first cycles of culture, the blomass had better conditions than In the
third cycle. The biomass of A. platensis needs the micronutrient for growth. The
wastewater medium Is less micronutrient for enhancing growth. It can be suggested for
adding the micronutrient such as vitamins and trace minerals in the culture media for
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increasing the performance of A. platensis cells, especially for enhancing the growth.
According to Borowitzka and Vonshak (2017), potential problems with media recovery
are selective enrichment of cultured contaminating organisms or unwanted cell
morphologles; bulld-up of specific fons that negatively Impact algal growth;
establishment of auto-inhibition; cell disruption during harvest resulting In Increased
dissolved organic matter; flocculants residues lead to flocculation of cells in the culture,
For the medium to be recovered may reguire some pretreatment or conditioning before
being returmned to the culture tank, Most large commercial algae producers have
successfully implemented moderate recovery.

Reduction of total nitrogen content. Ammonia in the form of ammonium is used by A,
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae
growth is generally absorbed in the form of nitrate (NOz7). Nitrate is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NHa*) so that it can be
synthesized through various amino compounds In Spirulina (Widyantoro et al 2018). The
percentage of nitrogen reduction have beeen shown in Table 3.

Table 3
Reduction of total nitrogen content (%) In A, platensis culture media
The effect of
Treatmf;;.: ;;;smrmg Group of cycle treatment (T)
1 2 3

TC 97.54 98.82 9B.76 98.38 + 0.73

T24 99.28 99,19 99.01 99.16 + 0.14

T12 92.75 95.71 98.07 95.51 E 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in
treatment T24 (99.161%) is higher than in treatment TC (98.373%), and T12
(95.507%). However, based on analysis of variance between treatments and groups, the
percentage reduction of nitrogen content had no significant effect. A. platensis in T24
treatment was able to utilize more nitrogen content. In this study A. platensis in
wastewater of Clarias catfish can reduce total nitrogen media by more than 95%. The
study of 4. platensis in wastewater of Nile tilapia (Oreochromis niloticus) reared in biofloc
system media can remove the nitrogen, such as nitrate nitrogen uptake of 99%, 80% of
total ammonia nitrogen (TAN) and 90% of nitrite nitrogen for 10 days (de Moraes et al
2021). Ammania can remove B87.77 + 1.01% by Spirulinag platensis cultured In
wastewater of Pangasius catfish reared for 10 days (Wijayantl et al 2019). Thus, given
the results obtained, besides being able to grow in wastewater, A. platensis can also be
used in bleremediation processes of aguaculture wastewater,

Phycocyanin yield. The results of the phycocyanin analysis Included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of
phycocyanin was obtained from TC which was an average of 0.464 mg mL'. While the
lowest levels of C-phycocyanin were in treatment 1 with an average of 0.39 mg mL %, The
yield value of phycocyanin A. platensis for each treatment is presented in Table 4.

Table 4
Phycocyanin (%) of A. platensis dry biomass at 10 days after cultivation
Group of cycle The effect of treatment (T,
Treatment of stirring media 7 P 2 24 3 (1)
TC 5.098 1.192 5.315 3.87 + 2.32
T24 5.043 2.391 2,318 3.25 + 1.55
T12 3.300 2.697 4.350 3.45 + 0.B4
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The analysis of variances at the treatment effects of phycocyanin yield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phycocyanin yvield, The highest phycocyanin vield was obtained in the treatment using an
aerator for 24 hours day™ {(3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day™ (3.25%). According to Zhou et al (2017), pH value and
salinity of culture media conditions can affect protein levels in 4. platensis cells,
differences In salinity affect the external osmotic pressure of 4. platensis cells causing
changes in cell compaosition, especially phycocyanin. Sharma & Tiwari (2011) stated that
the environment Includes nutrient avallability, pH, salinity, light, and temperature can
influence the growth and blo plgments accumulation of cyanobacteria blomass.

Business analysis. The results of the feasibility analysis for semi-mass preduction are
obtalned from production costs with the assumption that the purchase price of catfish Is
IDR 19,000 kg, the price of feed is IDR 11,000 kg™, the price of electricity is IDR 1,445
kWh, the price of salt Is IDR 5,000 kg™ and the selling price of catfish IDR 22,000 kg,
selling price of A. platensis IDR 500 g', with Investment In tools such as a dynamo (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, containers IDR
80,000 with a service life of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life
of 4 years and Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI in each treatment and group. Table 5 and Table 6 show the business analysis.

R/C Ratio (Return Cost Ratlo) Is a comparison between total revenue and
production costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, then
the business is profitable, R/C ratio = 1, then the farm Is breaking even, and R/C ratio <
1; then it Is not efficient. ROI (Return On Investment) Is a comparison between the total
profit and production costs in percent. There are three criteria in ROI: ROI Is positive, the
business Is profitable, ROl = 0, then the farm breaks even, and ROI Is negative, so it is
not efficient.

Honestly Significant Difference test showed that the R/C ratio and ROI In
treatment TC (aeration for 24 hours day™') were significantly lower than treatments T24
and T12, Treatments T24 and T12 were not different significantly, although the highest
value was In the T12 treatment. In the T12 treatment, the R/C Ratio and ROI were the
highest, while in the control treatment the R/C Ratio and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of
electricity up to 46% of the total production cost, so it was less economical if done in
cultivation.

Table 5

R/C and ROI in A. platensis culture integrated with Clarias catfish rearing systems

e r!T:IE,I e cpre
T

el Ti3

Components preey T

[ & ek [eF] [i¥] [rk] [ [ [oE]
Production
[=:271
Imvastrent
cost
Dymamn 1000 0Loo 0.0 000 173108 17308 173.08 17108 173.08 173.048
Firm el J00a oLoe 0.00 0.00 268 46 JAEAS 2B 48 28045 2R A 2B 46
Anraior A7000 &74 36 47436 474,35 0,00 0.00 oLog 0,00 oo 0.0
Container Gl e slz.e 512682 512.62 siz2.82 sz.82 sizaEz 512683 si2.83 sl
Tube lsmp 47000 w51.92 45192 45152 43192 45082 451.92 45193 451.92 931.93
&eshl cloth 1000 173.08 171,08 173.08 173108 L7108 173.08 17108 173.08 17108
WERAALE a5t
Flik fesd 15004 254617 1947140 207,00 L2701 400,00 3069.00 30921 230000 208200
Elpctricy 14447 13605.76 1350575 LiRg2. 77 1052803 11645.30 1161539 1092823 1092193 1093193
Fish 15000 B00G0, 20 Bral.3r L5038.50 H093.30 103%2.72 EB4E1. 20 B391.10 E1762.14 1998610
Coarse salt 5000 800.00 BOO.O0 BOD.00 8OO 00 BOCLO0O 800.00 BO.00 B00.00 800,00
Total
produttion 2865431 A1y 3142245 23042.50 2HTET. 47 ISSH6.85 2300460 2948343 M185.39
cosl
Income
Catfish 23000 10147 08 1T413.00 20088.00 11987348 2140160 TE3YTBD 13819352 23141.8B0 2712160
hlmll:mr 500 BOS00.00 967500 TR, 00 11250.00 10200,00 I00S0.00 TES00.00 Q90000 QL5000
Tokad Incomea 2064706 27085.0:0 27HES .00 23337.38 J1601.50 IS580.80 24119.32 33041 BD 3527 &0
Profit -4anT.Ey -1739.71 -1534.4% 154 80 FLAER | 21.EY 1114.72 15%8.57 BZ.Z1
R/C n.B 054 0.89 1.01 110 100 1.05% 1.1 104
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Table &
R/C and ROI in A. platensis culture integrated with Clarias catfish rearing systems, and
the feed conversion ratio of the catfish rearing

Feed Conversion

Treatment of R/C value ROI value

stirring media {H5Dao.05= n.08n) (H5Dg0 0= o 852) f:tt:lzﬁrg:r)ﬂ:;
TG 0.942 £ 0.050 * -5.756 = 5.025° 1.38 £ 0.33
T24 1.098 + 0.059 F 9.821 + 5.907" 1.30 4+ 0.30
Ti2 1.120 + D.068 ® 12.013 + 6.842° 1.04 + 0.40

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was DR
12,780 and catfish earn was IDR 21,294, product A, platensis flour was IDR 9,850 with a
total income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis in 30 liters of media and 20 fish). A. platensis in 12,000 liters of
media and 8,000 fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788
with a production cost of IDR 6,929,908 in 1 cycle, if in 1 year of production there are 26
cycles then the profit obtained will reach IDR 143,722,495,

Conclusions. The utilization of catfish culture wastewater for the culture of A. platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A, platensis, the reduction
of total nitrogen content in the media, and the vyield of phycocyanin. The best growth rate
and total nitrogen reduction were obtained in treatment T24 (stirring using a mill for 24
hours per day). The result of the business analysis was better using a raceway system
with wheel rotation than using an aeration system. The treatment stirring wheels 12
hours per day Is the best result for scaling up Arthrospira production at an outdoor
integrated pond system.
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Clarias catfish and Arthrospira with different agitation
period
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Abstract. Arthrospira 15 a cyanobacterias that contains high levels of protein, faity acids, minerals,
vitamins, amino acids, and phycocyanins. The cultivation of Arthrespirs platensis |s constrained by
fertiiizers that have relatively high prices, so aiternative fertilizers are used, one of which is catfish waste
which has sufficient nutrient content for the growth of A, platensis which can be integrated as [IMTA
{Integrated Muiti-trophic Aquaculture) Clarlas-Arthrospira. Cultures of A. platensis on a8 mass scale often
use open culture ponds in the form of raceways because they are easy to handle. Raceway pond
agitation uses pedals that rotate for 24 hours leading to high electricity usage costs which account for
23% of total production costs. This study sims to determine the efficient stirring time on the growth of
microalgae A. piatensis. This study used 3 treatments with different stirming frequencies, namely
treabment 1 stirring for 24 hours (T24), treatment 2 stirring for 12 hours (T12), and controf using
aeration for 24 hours (TC). After harvesting the biomass, the water from filtration has flowed into the
catfish rearing container, Parameters observed were daily density of A, platens/s, specific growth rate of
A. platensis, revenue-cost (R/C) ratic, return of investment (ROI) and feed conversion ratio of catfish
rearing that was used for A. platensis production, The results of the specific growth rate of A. platensis in
this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximum density at TC and T12
was 0.8 g.L* on day 10 while at T24 0.8 g.L" on day 9. Revenue Cost (R/C) ratio can be reached at TC
0.94, TZ24 1.09, Ti2 1.12. The result of catfish rearing used TC, T24, and Ti2 waste water treatments
with A. platensis showed that the Tesd conversion ratio of catfish rearing was 1.38, 1.20, and 1.04
respectively. The stirring using a raceway container for 12 hours produced the best results compared to
other reatments,

Key Words: A. piatensis, Clarias catfish rearing, r/c ratio, raceway.

Introduction. Aquaculture techno-economics is a complete study to scale up
aquaculture business from pilot plant scale to mass scale or industrial scale, to ensure
environmental-system stability and economic analysis of the feasibility of aguaculture.
The development of fish farming is being intensified as an effort to meet the food needs
of the community, especially protein. The Ministry of Maritime Affairs and Fisheries (KKP)
launched the 2021 KKP's tagline "Mobilizing aguaculture, it is believed that it can support
food security and regional economic development amid the Covid-12 Pandemic” (KKP
2021), which is to drive aguaculture by paying attention to environmental sustainability
and encouraging community economic turmnover (Antara 2021). The increasingly limited
land and water for fish cultivation make the need for zero waste aquaculture technology
that is approached with a recirculation system (Ramli et al 2020). The productivity of fish
farming pend recirculation systems can be increased by using the IMTA (Integrated Multi-
trophic Aquaculture) system. Integrated multi-trophic aguaculture {(IMTA} Is a production
system of aquatic biota in which various specles, of different trophic levels, are raised
near each other and the by-products {organic and inorganic waste) of one cultured
species are recycled to be used as nutrients for other biotas. IMTA can reduce the
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ecological Impact around aquaculture operations, Increase social perceptions of
aquaculture, and provide financial benefits to aquaculture actors through product
diversification, faster production cycles, and better income on IMTA products (Knowler et
al 2020). The concept of fish production and remediation aguaculture commeaodities such
as microalgae and cyanobacteria with high economic value can be an alternative for zero
waste swamp aguaculture systems.

Cyanobacteria have been shown to be a rich source of blologically active
secondary metabolites including antiviral, anti-inflammatory, immunostimulant agents,
and their medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et al 2020).
Tiwari and Tiwari (2020} have summarized and updated therapeutic applications,
Cyanobacterla in drug development, with the introduction of the new term
"cyanotherapeutics”, after many studies hawve shown that these cyamobacteria have
immunomeodulatory, antitumor-anticancer, antiviral-antiHIV, antibacterial, antimalarial,
antidiabetic activities which are specific characters for drug candidates (Naidoo et al
2020). Arthrospira which is the only cyanobacteria that is safe for consumption free of
toxins can be used to treat wastewater, Including waste from fish farming because
biomass can metabolize nutrients and remove pollutants from agquaculture waste
efficiently (Zhang et al 2019). Treatment of industrial waste and by-products can be used
for alternative culture media for Spirulina (Arthrospira) production as well as fish farming
wastewater (Wijayanti et al 2019; Widyantoro et al 2018; Ragaza et al 2020).
Arthrospira (Spirwlina) cultivation In fish pond wastewater can have certain
characteristics. Their adaptation growing in organic wastewater makes changes in the
bicactive and production of Important compounds. Phycocyanin Is blue plgment In
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwarl & Tiwarl 2020). Arthrospira cultured In catfish culture waste media 100%
laboratory-scale bulk system can produce a maximum density of 0.867 grams dry weight
per liter, the growth rate of 22,026% day and 11.347 mg g phycocyanin yield and able
to reduce nitrogen waste by more than 80% and phosphate by more than 70%
(Wijayanti et al 2020).

The design of the cyanobacterial bloreactor Influences the |mportant phyto-
biochemical content contained in the post-harvest biomass. Determination of the design
and culture system that is better and low-cost, will increase the practical and ecomomic
feasibllity of integrating cyanobacteria In aquaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aguaculture
recirculating system (Ramli et al 2020). Increasing the scale of production from a closed
system to an open system s an important step for the stability of product quality and
guantity, the technelogical and economic feasibility of the IMTA system. The pilot-scale is
used for commercial-scale preparation. Open pond bioreactors are often used because
they are easy and Inexpensive to malntain (Mutiah & Khoirunlsa 2013). There are two
types of open pond bioreactors, raceway, and circular/central pivot ponds. Circular ponds
where mixing Is done by agitators or raceway ponds are equipped with a paddlie wheel
agitation system (Fazal et al 2018}, De Jesus et al (2018) showed that 24-hour stirring
resulted in a biomass concentration of 1.60 + 0.04 g L™, biomass productivity of 0.054 +
0.003 g L™ h™!, and a specific growth rate of 0.05 = 0.002 h™! on the coast of Bahla in
the city of Salvador, Brazil, and in the city of Camaqua, Brazil it's yield density was of
0.90 = 0,02 gL™?, blomass productivity of 0.009 = 0.001 gL™* h™! and specific growth of
0.02 + 0.001 h™'. However, stirring for 24 hours resulted In the use of high electrical
energy.

Jonker and Faal] (2013) concluded the electric energy consumption of stirring Is
23% of the total energy demand. The difference In the stirring time of A. platensis
culture with catfish culture wastewater has never been studied before. Therefore, it is
important to study differences In the length of time for stirring Arthrospira culture media
to make electricity use efficient and maximize the growth of Spirufina in catfish culture
wastewater media by knowing the highest maximum population density of Arthrospira.
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Material and Method. This study was conducted from April to November 2021 at the
Laboratory of Aguaculture, Sriwijaya University, Indralaya, Ogan Ilir, South Sumatra,
Indonesia. The experimental design used in this study was a Randomized Block Design
using 3 treatments of agitation methods: control using 24-hour aeratlon day'! (TC),
stirring for 24 hours day™? (T24) and stirring for 12 hours day™! (T12). The replications af
culture time cycling were first culture cycle, second culture cycle, and third culture cycle
of integrated Clarias catfish- Arthrospira culture,

Figure 1. Design of integrated Clarias catfish - Arthrospira culture in this study.

Preparation of Arthrospira growing media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium. The density of
catfish reared Is 500 fish/m? with a size of 12+1 cm with a salinity of 4 ppt (Sitio et al
2017) and & pH of 7.5-8 (Ndubulisi et al 2015). During the maintenance catfish were fed
floating peliets with a protein content of 31-33%. Feed Is given 2 times a day (moming
and evening) at satiation. Mo water changes are made during fish rearing. After rearing
the catfish, the wastewater from catfish farming Is taken and filtered using a 30-40
micron cloth to clean the wastewater from dirt and insoluble feed residue.

Culturing and harvesting Arthrospira platensis. A. platensis used was first cultured
as Initial stock inoculum (Aquaculture Laboratory culture collection at Sriwijava
Uiniversity) with @ minimum density of £ 1.0 g L% Then the 4. platensis seeds were put
into the catfish culture wastewater medla, with an initial density of £ 0.1 g L. The
lighting time with the help of fluorescent lamps is 12 hours (Oktafiani & Hermana 2013;
Budiard| et al 2010). Agitation was carried out using a mill with a speed of 5-6 rpm. The
control had aeration using an aerator for 24 hours, treatment 1 was stirred for 24 hours,
while in treatment 2 the stirring was for 12 hours (06:00 am = 6:00 pm).

When A. platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A platensis Is carried out using a cloth filter measuring 30-40
microns (Wijayanti et al 2020). A. platensis was filtered with a cloth then weighed for the
wet welght and then put Into a porcelain cruclble, then dried in an oven at 40°C for 18
hours (Afrianl et al 2018 modification), then mashed in a mortar.

Daily density measurement. In this study, the initial density of A. platensis was
measured using 1 milliliter of A. platensis culture samples in each treatment with 3
replications. The 1 milliliter water sample was put into a pre-weighed aluminum foll bowl,
The wet samples were then dried in an oven at 40°C for 18 hours. The dried water
sample after the oven treatment was rewelghed to obtain dry welght biomass. The dry
weight of A. platensis biomass was then converted to g L. Measurement of the density
of A. platensis was carried out in each treatment every day at the same hour,
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Arthrospira platensis daily growth rate. The daily growth rate (u) of A, platensis can
be calculated using the Vonshak formula p= ({In Nt- In No)/t) x 100%, where Nt is the
biomass concentration at t days culture and Mo Is the Initial blomass at 0 day culture
(Vonshak 2002).

Extraction and measurement of phycocyanin yield. The dry biomass of A. platensis
was taken at 0.04 g after passing through the exponential phase (harvest) for preparing
phycocyanin extraction. The method of phycocyanin extraction followed previous studies
(Wijayantl et al 2020). The absorbance of the extracted supernatant was measured using
a spectrophotometer at a wavelength of 615 nm and 652 nm for determining
phycocyanin yield with Bennett and Bogorard formulas : C-phycocyanin (mg mL-1 ) =
((0D 615) - 0.474 (0D 652))/5.34; and Phycocyanin yield (mg g-1) = (C-phycocyanin X
Solvent volume)/Dried Biomass (Bennett & Bogorad 1973).

Reduction of total nitrogen content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase in
each treatment).

Business analysis. Profit calculation is done by R/C Ratio and ROI, which is calculating
the selling price of catfish and A. platensis dry biomass divided by production costs
Including feed costs, electricity usage for blomass production, and drying time for one
production cycle in each treatment.

RCR = Total Revenue ROI = Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is
presented In graphical form. Specific growth rate data, phycocvanin yield, reduction of
total nitrogen, R/C ratio, ROI, and FCR are presented In tabular form.

Results and Discussion
Density of A. platensis. The daily density of A. platensis for each culture treatment

have been shown In Flgure 1. The time of achieving the highest density of A. platensis in
each treatment was eight days after cultivation start.

Biomass density [g L7)

/'/ Ouy
1

']

il T il T3 i 1]

Figure 1. Biomass denslty of Arthrospira platensis for 10 days.
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The maximum density in treatment TC was 0.5645 g L' on day 8, in treatment T24 it
reached 0.693 g L'! on day 8, in treatment T12 it reached 0.690 g L on day 9. The
maximum density of A, platensis on treatments have been shown in Figure 2. It can be
seen that the highest density of A. platensis was in the T24 treatment with a biomass of
0.693 g L'* and T12 with an average blomass of 0.690 g L, while the lowest density was
in the TC treatment, 0.645 g L.

Maximum density (g L)
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Figure 2, Maximum density of A. platensis blomass.

Table 1
Maximum density (g L '} of A. platensis in treatment stirring on A. platensis culture
media from Clarias waste water

The effect of
pressn Sy e )
1 2 3

TC 0.80 0.65 0.52 0.6640.14
T24 0.80 0.68 0.67 0.7240.07
T12 .80 0.66 0.61 0.69+0.10

Mean 0.804+0.00 0.661+0.02 0.601+0.08

Based on Table 1, the highest density of A. platensis was seen in replicate 1 (first culture
cycle) with a biomass of 0.80 g L and after that, it decreased gradually to 0.66 g L',
0.60 g L. The high and low density of A. platensls was determined by the nutrients that
were still present in the cultivation medium. The N ratio affects the growth of microalgae
and the level of light intensity that enters the media. The maintenance of A. platensis
describes the growth phase from the first day to the 10th day slowly, because of cells
adapting to the new envircnmental conditions. All treatments had an average increase on
day 8. This explains that the growth of A. platensis cells undergo division. The existence
of cell division causes the growth of A. platensis to run quickly because the growth
medium of A. platensis Is rich In nutrients that are needed for its growth. On day 8 the
maximum density of A. platensis culture was reached. After the 8th day, all treatments
experienced a decline (death) phase on average. This Is caused the number of nutrients
in the media had decreased. However, A. platensis cells were still able to divide but the
number was not as large as in the growth phase.

According to Budiardl et al (2010), the death phase Is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in
growth of A, platensis occurs due to reduced nutrients caused by the increase in A.
platensis biomass, as a result, biomass needs to compete for nutrients in the culture

A&AC) Blaflux, 2022, Vaolume 15, Issue 6. lﬂg4
hitp:// www, bioflux. com.rofaacl



medium. In addition, the denser the blomass results In the reduced Intensity of light
entering the culture media so that it can interfere with the biomass to carry out
photosynthesis. The pinwheel and aeration aid In the agitation of the medium containing
nutrients and algae so that all ceils are thoroughly exposed to the nutrients and light
supplied. In addition, the agitation caused by the velocity of the bubbles produced was
not good because not all parts of the cells were exposed to the nutrients from the
medium. High bubles aeration can also give less than optimal results on biomass density
in the Arthrospira culture (Jung et al 2019)

Specific growth rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth (Santosa 2010). The value of the specific growth rate of A.
platensis for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d!)
0.3

0,25
0.2
0,15
2.1
0,05

0

ETC mT24 ®T12

Figure 3. Specific growth rate of A, platensis in growth phase,

Table 2
Specific growth rate (9% per day) of 4. platensis in treatment stirrfing and on A. platensis
culture media from Clarias waste water

The effect of
Treatment of Group cycle treatment (T)
stirring media 7 2 3
TC 23.99 22.69 22.19 23.63+2.07
T24 25.99 19.27 1B.22 21.1644.22
T12 25.99 20.97 16.35 21.11+4.82
Mean 25.9940.00  20.9841.71 18.9242.98

Based on the results in Table 2, the control treatment gave the best specific growth rate
value of 23.63% per day. The 12 hours stirring gave the lowest growth rate value of
21.11% per day. Although, the specific growth rate of A, platensis biomass in all of the
results of the treatment is not different significantly. The high growth rate is caused by
sufficient carbon dioxide which Is diffused with aeration bubbles. According to de Godos
et al (2014), the growth rate Is influenced by the limitations of carbon dioxide in the
media. Under phototrophlc growth conditions in raceway pond cultures, the carbon
dioxide becomes very limited. It can be at least 5% of the carbon required by algal
cultures is released directly into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of cufture. In the first cycles of culture, the biomass had better conditions than in the
third cycle. The blomass of A, plafensis needs the micronutrient for growth. The
wastewater medium Is less micronutrient for enhancing growth. It can be suggested for
adding the micronutrient such as wvitamins and trace minerals In the culture media for
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increasing the performance of A, platensis cells, especially for enhancing the growth.
According to Borowitzka and Vonshak (2017), potential problems with media recovery
are selective enrichment of cultured contaminating organisms or unwanted cell
morphologies; build-up of specific ions that negatively impact algal growth;
establishment of auto-inhibition; cell disruption during harvest resulting in increased
dissolved organic matter; flecculants residues lead to flocculation of cells in the culture.
For the medium to be recovered may require some pretreatment or conditioning before
being returned to the culture tank. Most large commercial algae producers have
successfully Implemented moderate recovery,

Reduction of total nitrogen content, Ammaonia in the form of ammonium is used by A,
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae
growth |5 generally absorbed in the form of nitrate (NOs7). Nitrate is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NH+*) so that It can be
synthesized through various amino compounds in Spirwlinag (Widyantoro et al 2018). The
percentage of nitrogen reduction have beeen shown in Table 3.

Table 3
Reduction of total nitrogen content (%) In A. platensis culture media

The effect of

Treatment of stirring Group of cycle treatment (T)
media
1 2 3
TC 97.54 98.82 9B8.76 98.38 + 0.73
T24 99.28 99.19 99.01 99.16 + 0.14
Ti2 92.75 95.71 98.07 95.51 4+ 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in
treatment T24 (99.161%) Iis higher than in treatment TC (98.373%), and Ti2
(95.507%). However, based on analysis of variance between treatments and groups, the
percentage reduction of nitrogen content had no significant effect. A. pfatensis In T24
treatment was able to utilize more nitrogen content. In this study A. platensis in
wastewater of Clarfas catfish can reduce total nitrogen media by more than 95%. The
study of A, platensis in wastewater of Nile tilapia (Oreochromis nifoticus) reared in biofloc
system media can remove the nitrogen, such as nitrate nitrogen uptake of 99%, 80% of
total ammonia nitrogen (TAN) and 90% of nitrite nitrogen for 10 days (de Moraes et al
2021). Ammonia can remove B7.77 %+ 1.01% by Spirulina platensis cultured In
wastewater of Pangasius catfish reared for 10 days {Wijayanti et al 2019). Thus, given
the results obtained, besides being able to grow in wastewater, A. platensis can also be
used in bloremediation processes of aquaculture wastewater,

Phycocyanin yleld. The results of the phycocyanin analysis Included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of
phycocyanin was obtained from TC which was an average of 0.464 mg mL™t. While the
lowest levels of C-phycocyanin were in treatment 1 with an average of 0.39 mg mL". The
yield value of phycocyanin A. platensis for each treatment Is presented in Table 4.

Table 4
Phycocyanin (%) of 4. platensis dry blormass at 10 days after cultivation
Treatment of stirring media ) Gmupg Cyole 3 The glrect ol renirent (1)
T 5.098 1.192 5.315 3.87 4 2.32
T24 5.043 2.391 2.318 3.25 4+ 1.55
Ti2 3.300 2.697 4,350 3.45 + 0.84
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The analysis of variances at the treatment effects of phycocyanin yield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phycocyanin yield. The highest phycocyanin yield was obtained in the treatment using an
aerator for 24 hours day™?® (3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day™ (3.25%). According to Zhou et al (2017), pH value and
salinity of culture media conditions can affect protein levels in A platensis cells,
differences in salinity affect the external osmotic pressure of A. platensis cells causing
changes In cell composition, especially phycocyanin, Sharma & Tiwarl (2011) stated that
the environment includes nutrient availability, pH, salinity, light, and temperature can
Influence the growth and blo pigments accumulation of cyanobacteria blomass.

Business analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish Is
IDR 19,000 kg™, the price of feed Is IDR 11,000 kg™, the price of electricity is IDR 1,445
kwh'!, the price of salt Is IDR 5,000 kg and the selling price of catfish IDR 22,000 kg!,
selling price of A, platensis IDR 500 g, with investment in tools such as a dynamo (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, containers IDR
80,000 with a service life of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life
of 4 years and Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI in each treatment and group. Table 5 and Table & show the business analysis.

R/C Ratio (Return Cost Ratio) Is a comparison between total revenue and
production costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, then
the business Is profitable, R/C ratio = 1, then the farm Is breaking even, and R/C ratio <
1, then it is not efficient. ROI (Return On Investment) is @ comparison between the total
proflt and production costs In percent. There are three criteria in ROI: ROI is positive, the
business is profitable, ROI = 0, then the farm breaks even, and ROI is negative, so it is
not efficient.

Honestly Significant Difference test showed that the R/C ratio and ROI iIn
treatment TC (aeration for 24 hours day™') were significantly lower than treatments T24
and T12. Treatments T24 and T12 were not different significantly, although the highest
value was in the T12 treatment. In the T12 treatment, the R/C Ratio and ROI were the
highest, while in the control treatment the R/C Ratio and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of
electricity up to 46% of the total production cost, so it was less economical if done in
cultivation.

Table 5
R/C and ROI in 4. platensis culture Integn‘:ll:ed with Clarias catfish re.aring systems
r
Yalue (IDR) per cyoie
Cormponents .-I'T;H"J TC T4 Ti2
Y [T] or [k [ ¥ a3 [il] [ [Tk ]
Production
5=24
Tnwestmant
st
Bynamo HT 0,00 .00 ouoe 173.08 17308 173,08 173.048 173.08 17308
Pzt FICGr 0.00 .00 0.a0 168,46 18646 AR A6 268 48 18046 28046
FearmbOT i AT4.36 474,36 474,36 0.0 .00 000 .00 0.0:0 0.0
Contairar BODOD 512.82 512,82 512,82 512.82 51282 512,82 51282 51282 512 82
Tuba lamp 47000 451.92 451.92 451.92 451.92 45192 #51.92 451.92 45102 451.92
Asahi chilh 180GF 173,08 11408 173.08 17308 17308 173,08 17348 173408 17348
Varistile cost
Fish fesd 11030 IS4E.1T 3947 .40 F07TR.00 BT 4400.00 69,00 e 4400, 00 158200
Erectricity 1444.7 1368374 LME85 70 11882.77 1092183 1161538 1161538 1057193  10921%1 1092153
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income
Catfish 22000 1004705 1741300 F00EE.O0 11%87.35 2140160 25539.80 1361932 23141.80 2712160
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R/C and ROI in A. pfatensis culture integrated with Clarias catfish rearing systems, and
the feed conversion ratio of the catfish rearing

Feed Conversion

Treatment of Mean of R/C value Mean of ROI value

stirring media {H5D00.05= 0.060) {HSDop 05 5.582) 5:;;3:’;5?31;;
T 0.942 £ 0.050 @ =5. 756 £ 5.0258 1.38 + 0.33
T24 1.098 + 0.059 P 9.821 £ 5907 1.30 + 0.30
Tiz 1.120 £ 0.068 b 12.013 + 6.842% 1.04 E 0.40

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was IDR
12,780 and catfish earn was IDR 21,294, product A. platensis flour was IDR 9,850 with a
total income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis in 30 liters of media and 20 fish). A, platensis in 12,000 liters of
media and 8,000 fish will get an Income of IDR 12,457,696 and a profit of IDR 5,527,788
with a production cost of IDR 6,929,908 in 1 cycle, If in 1 year of production there are 26
cycles then the profit obtained will reach IDR 143,722,495,

Conclusions. The utilization of catfish culture wastewater for the culture of A, platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A. platensis, the reduction
of total nitrogen content in the media, and the yield of phycocyanin. The best growth rate
and total nitrogen reduction were obtained in treatment T24 (stirring using a mill for 24
hours per day). The result of the business analysis was better using a raceway system
with wheel rotation than using an aeration system. The treatment stirring wheeis 12
haours per day Is the best result for scaling up Arthrospira production at an outdoor
integrated pond system.

Acknowledgements. We are grateful to the University of Sriwljaya for funding the
research under Competitive Grant II In 2021: 0022/UNS/SK.LT12M.PT/2021.

Conflict of interest. The authors declare that there is no conflict of interest.
References

Afriani S,, Uju, Setyaningsih I, 2018 [Chemical composition of Spirulina platensis
cultivated In a photobloreactor with different photoperiods]. Jurnal Pengolahan Hasil
Perikanan Indonesia, 21(3):471-479 [in Indonesian].

Bennett A., Bogorad L., 1973 Complementary chromatic adaptation in a filamentous
blue-green alga. The Journal of Cell Biology, 58:419-435.

Borowitzka M. A., Vonshak A., 2017 Scaling up microalgal cultures to commercial
scale. European Journal of Phycology, 52(4):407-418.

Budiardi T., Utomo M. B. P., Santosa A., 2010 Growth performance and nutrition value of
Spirufina sp. under different photoperiod. Jurnal Akuakultur Indonesia, 9(2):146-
156.

de Godos 1., Mendoza ). L., Acién F. G., Molina E., Banks C. 1., Heaven S., 2014
Evaluation of carbon dioxide mass transfer in raceway reactors for microalgae
culture using flue gases, Bloresour Technol, 153:307-14,

de Jesus C, 5., da Sllva Uebel L., Costa 5. 5., Miranda A. L., de Morals E. G., de Morals
M. G., Costa J. A. V., Nunes 1. L., de Souza Ferreira E., Druzian 1. 1., 2018 Outdoor
pllot-scale cultivation of Spirufina sp. LEB-18 In different geographic locations for
evaluating its growth and chemical composition. Bloresource technology, 256:86-
94,

de Moraes L. B. 5., Mota G. C. P., da Silva Farias R., Marinha ¥, F., Silva L. 0. B., Galvez
A. O, 2021 Growth and nitrogen uptake by Arthrospira platensis cultured in
aguaculture wastewater from Nile tilapia reared in biofloc system. Acta Sclentiarum.

AACL Bioflux, 2022, Volume 15, Issua 6. 1098
hittp:/Fwww, bloflux . cam.ro/aaci



Biological Sciences, 43;e57549-257549,

Deyab M., Mofeed )., El-Bilawy E., Ward F., 2020 Antiviral activity of five filamentous
cyanobacteria against  coxsacklevirus B3  and rotavirus. Archives  of
microbiology, 202(2):213-223.

Fazal T., Mushtaq A., Rehman F., Khan A. L., Rashid N., Faroog W., Rehman M, 5. U., Xu
1., 2018 Bloremedlation of textile wastewater and successive biodiesel production
using microalgae. Renewable and Sustainable Energy Reviews, 82:3107-3126.

Hariyati R., 2008 [Growth and biomass of Spirulina sp. in laboratory scale]. Bloma.
10(1}:19-22 [in Indoneslan].

Jonker J. G. G., Faaij A. P. C., 2013 Techno-economic assessment of micro-algae as
feedstock for renewable blo-energy production. Applied Energy, 102:461-475.

Jung F., Jung C. G., Krliger-Genge A., Waldeck P., Klipper J. H., 2019 Factors influencing
the growth of Spirulina piatensis In closed photobloreactors under CO:-0q
conversion. Journal of Cellular Biotechnology, 5(2):125-134,

Knowler D., Chopin T., Martinez-Espifieira R., Neorl A., Nobre A., Noce A., Reid, G., 2020
The economics of Integrated Multi-Trophic Agquaculture: where are we now and
where do we need to go? Reviews In Aquaculture, 12{3):1579-1594,

Liu H., Zhang H., Niedzwiedzki D. M., Prado M., He G., Gross M. L., Blankenship R. E.,
2013 Phycobilisomes supply excitations to both photosystems in a8 megacomplex in
cyanobacteria. Science, 342(6162):1104-1107.

Mutiah E., Khoirunisa E., 2013 [Cultivation process of Spiruling platensis using pome
(Palm QI Mill Effluent) as culture medium In raceway open pond bloreactor]. Jurnal
Teknologl Kimia dan Industri, 2(2):192-197 [in Indonesian].

Maldoo D., Roy A., Kar P., Mutanda T., Anandraj A., 2021 Cyanobacterial metabolites as
promising drug leads against the Mpro and PlLpro of SARS-CoV-2: An in silico
analysls. Journal of Blomelecular Structure and Dynamics, 39(16):6218-6230,

Ndubuisi U. C,, Chimezie A. 1., Chinedu U. C., Chikwem 1. C, Alexander U., 2015 Effect of
pH on the growth performance and survival rate of Claras garfepinus fry. Int. J.
Res, Blosciences, 4(3):14-20,

Cktafiani M., Hermana J., 2013 [Effect of substrate concentration and bacterial
concentration on algae production in a batch process bioreactor system]. Jurnal
Teknik POMITS, 2(2):D57-D62 [in Indonesian].

Ragaza J. A., Hossaln M. S., Meller K. A., Velasquez 5. F., Kumar V., 2020 A review on
Spiruling: alternative media for cultivation and nutritive wvalue as an
aquafeed. Reviews In Aquaculture, 12(4):2371-2395.

Ramli M. M., Verreth 1. A. J., Yusoff F. M., Nurulhuda K., Nagao M., Verdegem M. C,,
2020 Integration of algae to Improve nitrogenous waste management In
recirculating agquaculture systems: A review, Frontlers In bioengineering and
bioctechnology, 8:1004.

Santosa A., 2010 [Production of Spiruling sp. cultured by photoperiodic manipulation].
Undergraduate Thesis. IPB University [in Indonesian].

Sharma N. K., Tiwari S. P., Tripathl K., Ral A. K., 2011 Sustainability and cyanobacteria
(blue-green algae): facts and challenges. Journal of Applied Phycology, 23(6):1059-
1081.

Sitle M. H. F., Jubaedah 0., Syalfudin M., 2017 [Survival and growth of catfish fry
(Clarias sp.) In different media salinity]. Jurnal Akuakultur Rawa Indonesia,
5(1):83-96 [In Indoneslan].

Tabarzad M., Atabaki V., Hosseinabad| T., 2020 Anti-inflammatory activity of bioactive
compounds from microalgae and cyanobacteria by focusing on the mechanisms of
action. Molecular biclogy reports, 47(8):6193-6205.

Tang D. ¥. Y., Khoo K. 5., Chew K. W., Tao ¥., Ho 5. H., Show P. L., 2020 Potential
utilization of bloproducts from microalgae for the quality enhancement of natural
products. Bioresource technology, 304:122997,

Tiwari A. K., Tiwarl B. 5., 2020 Cyanotherapeutics: an emerging field for future drug
discovery. Applied Phycology, 1{1):44-57,

Vonshak A., 2002 Spirulina platensis (Arthrospira): Physiology, cell-biology and
biotechnology. Taylor & Francis. 252 pp.

AACL Bloflux, 2022, Vaolume 15, Issue 6. 1099
hetp: fit v, bioflus. com_ro/asd '



Widyantoro H., Wijayantl M., Dwinant! 5. H., 2018 [Modification of sSpirulina platensis
media as an effort to utilize catfish farming wastewater]. Jurnal Akuakultur Rawa
Indonesia, 6(2):153-164 [Iin Indonesian].

Wijayanti M., Jubaedah D., Gofar N., Anjastari D., 2019 Optimization of Spirufinag
platensis culture media as an effort for utilization of Pangasius farming waste
water. Sriwljaya Journal of Environment, 3(3):108-112,

Wijayanti M., Syaifudin M., Yulisman, Nurianti Y., Hidayani A., Gofar N., 2020
Characterization of Arthrospira platensis cultured in wastewater of Claras catfish
farming media: DNA barcode, helical form, growth, and phycocyanin, Biodiversitas,
21(12):5872-5883.

Zhang F., Man ¥. B., Mo W. ¥., Wong M. H., 2020 Application of Spirulina In agquaculture:
a review on wastewater treatment and fish growth. Reviews in
Aquaculture, 12(2):582-599,

Zhou W., Li ¥., Gao Y., Zhao H., 2017 Nutrients removal and recovery from saline
wastewater by Spirulina platensis. Bloresource technology, 245:10-17.

#=*®  Antara, 2021 [https://www.antaranews.com/berita/ 1953848/ minister-kkp-call-
priority-2021-moving-fish farming, Senin, Accessed on 18 January 2021 19:41
WIB] [in Indonesian].

#**%  The  Ministry of Maritime  Affairs and  Fisheries (KKP), 2021
https://kkp.go.id/djpb/artikel/26634-kkp-gerakkan-perikanan-budidaya-jadi-
penopang-ketahanan-pangan-dan-pembangunan-ekonomi-daerah-di-tengah-
pandemi. Accessed in December 2022,

Received: 9 December 2021, Accepled: 20 June 2022, Published online: XXXX December 2022,

Authars:

Marini Wijayantl, Aguaculture Program, Department of Fisheries, Faculty of Agriculture, Sriwijaya University,
Indralaya, Ogan llir, South Sumatera, Indonesia, e-mail: mariniwijayanti@fp. unsei, ac.id

Yohanes Setiawan, Aquaculture Program, Department of Fisheries, Faculty of Agriculture, Sriwijaya University,
Indralaya, Ogan Ilir, South Sumatera, Indonesta, e-mail: yohanessi2Sa@gmall.com

Tanbiyaskur Tanblyaskur, Aquaculture Program, Department of Fisheries, Faculty of Agriculture, Sriwijaya
University, Indralaya, Ogan Ilir, South Sumatera, Indonesia, e-mail: tanbiyaskurdunsr.ac.id

Dade Jubaedah, Aquaculture Program, Department of Fisheries, Faculty of Agriculture, Sriwljaya University,
Indralaya, Ogan llir, Seuth Sumatera, Indonesia, e-mall: dadejubasdan@fp.unsri.ac.id

Mohamad Amin, Aguaculture Program, Department of Fishenes, Faculty of Agricufture, Sriwijaya University,
Indralaya, Ogan Ilir, Seuth Sumatera, Indonesia, &-mail: mohamadaminRip.unsel.sc.id

Mirna Fitrani, Aquaculture Program, Department of Fisheries, Faculty of Agriculture, Sriwijayas University,
Indralaya, Ogan Tlir, South Sumatera, Indonesia, e-mail: fitranimirna@ grmail.com

Muni Gofar, Soll Science Program, Department of Soll Science, Faculty of Agriculture, Sriwljaya University,
Indralaya, Ogan llir, South Sumatera, Indonesia, e-mail: gofarmuni@gmail.com

This Is an open-access article distributed under the terms of the Creative Commens Attribution License, which
permits unrestricted use, distribution, and reproducton in any medium, provided the original author and source
are credited.

How to cite this article;

Wigayanti M., Setiawan Y., Tanblyaskur, Jubaedah D,, Amin M., Fitranl M., Gofar N., 2022 Techno-economic
analysis of integrated multitrophic Clarias catfish and Arthrospira with different agitation period. AACL Bioflux
1506 xxux-KxaxK.

AACL Bloflux, 2022, Valume 15, Issue &, 1100
Rt v Bilaflux. com. roy Eacl



Bukti konfirmasi submit revisi kedua, respon kepada reviewer, dan artikel yang di resubmit
(22 Desember 2022)

4--;..



Techno-economic analysis of integrated multitrophic
Clarias catfish and Arthrospira with different agitation
period

IMarini Wijayanti, Yohanes Setiawan, 'Tanbiyaskur Tanbiyaskur, !Dade
Jubaedah, ‘Mohamad Amin, 'Mirna Fitrani, ZNuni Gofar

! Aguaculture Program, Department of Fisheries, Faculty of Agriculture, Sriwijaya
University, Indralaya, Ogan Ilir, South Sumatera, Indonesia; * Soll Science Program,
Department of Soll Sclence, Faculty of Agriculture, Sriwljaya University, Indralaya,
Ogan llir, South Sumatera, Indonesia. Corresponding author: M. Wijayanti,
mariniwijayanti@fp.unsri.ac.id

Abstract. Arthrospira is a cyanobacteria that contains high levels of protein, fatty acids, minerals,
vitamins, amino acids, and phycocyanins. The cultivation of Arthrospira platensis is constrained by
fertilizers that have relatively high prices, so alternative fertilizers are used, one of which Is catfish waste
which has sufficient nutrient content for the growth of A, piatensis which can be integrated as IMTA
{Integrated Multi-trophic Aquaculture) Clanas-Arthrospira. Cultures of A. platensis on a mass scale often
use open culture ponds in the form of raceways because they are easy to handle. Raceway pond
agitation uses pedals that rotate for 24 hours leading to high electricity usage costs which account for
23% of total production costs. This study aims to determine the efficient stirring time on the growth of
microalgae A. platensis. This study used 3 treatments with different stirring freguencies, nameky
treatment 1 stirring for 24 hours (T24), treatment 2 stirring for 12 howrs (T12), and control using
aeration for 24 hours {TC). After harvesting the biomass, the water from filtration has flowed into the
catfish rearing container. Parameters observed were dally density of A, platensis, specific growth rate of
A. platensis, revenue-cost (R/C) ratio, return of investment (RO1) and feed conversion ratio of catfish
reanng that was used for A, platensls production, The results of the specific growth rate of A, platensis in
this study were TC 23.625%, T24 21.162%, T12 21.105% per day. The maximum density at TC and T12
was 0.8 9.1 on day 10 while at T24 0.8 g.L" on day 9, Revenue Cost {R/C) ratle can be reached at TC
0,94, T24 1.09, T12 1.12. The result of catfish rearing used TC, T24, and T12 waste water treatments
with A. platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04
respectively. The stirring using a raceway container for 12 hours produced the best results compared to
other treatments.

Key Words: A. piatensis, b/c ratio, Clarias catfish rearing, raceway.

Introduction. Agquaculture techno-economics is a complete study to scale up
aguaculture business from pilot plant scale to mass scale or industrial scale, to ensure
environmental-system stability and economic analysis of the feasibility of aquaculture.
The development of fish farming Is being intensiflied as an effort to meet the food needs
of the community, especially protein. The Ministry of Maritime Affairs and Fisheries (KKP)
launched the 2021 KKP's tagline "Mobilizing aguaculture, it is believed that it can support
food security and reglonal economic development amid the Covid-19 Pandemic” (KKP
2021), which is to drive aguaculture by paying attention to environmental sustalnability
and encouraging community economic turnover (Antara 2Z021). The increasingly limited
land and water for fish cultivation make the need for zero waste aquaculture technology
that is approached with a recirculation system (Ramli et al 2020), The productivity of fish
farming pond recirculation systems can be increased by using the IMTA (Integrated Muiti-
trophic Aquaculture) system. Integrated multi-trophic aguaculture (IMTA) Is a production
systemn of aguatic biota in which various species, of different trophic levels, are raised
near each other and the by-products (organic and Inorganic waste) of one cultured
species are recycled to be used as nutrients for other biotas. IMTA can reduce the
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ecological impact around aguaculture operations, increase social perceptions of
aquaculture, and provide financial benefits to aquaculture actors through product
diversification, faster production cycles, and better income on IMTA products (Knowler et
al 2020). The concept of fish production and remedlation aquaculture commodities such
as microalgae and cyanobacteria with high economic value can be an alternative for zero
waste swamp aquaculture systems.

Cyanobacteria have been shown to be a rich source of biologically active
secondary metabolites including antiviral, anti-inflammatory, immunostimulant agents,
and their medicinal and nutraceutical properties (Deyab et ai 2019; Tabarzad et al 2020).
Tiwari and Tiwari (2020) have summarized and updated therapeutic applications.
Cyancbacteria in drug development, with the introduction of the new term
"cyanotherapeutics”, after many studies have shown that these cyanobacteria have
Immunomaodulatory, antitumor-anticancer, antiviral-antidIV, antibacterial, antimalarial,
antidiabetic activities which are specific characters for drug candidates (Naidoo et al
2020). Arthrospira which is the only cyanobacteria that is safe for consumption free of
toxins can be used to treat wastewater, Including waste from fish farming because
blomass can metabolize nutrients and remove pollutants from aquaculture waste
efficiently (Zhang et al 2019). Treatment of Industrial waste and by-products can be used
for alternative culture media for Spirufina (Arthrospira) production as well as fish farming
wastewater (Wijayantl et al 2019; Widyantoro et al 2018; Ragaza et al 2020).
Arthrospira (Spirufina) cultivation in  fish pond wastewater can have certain
characteristics. Their adaptation growing In organic wastewater makes changes In the
bioactive and production of Important compounds. Phycocvanin s blue plgment In
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwarl & Tiwari 2020). Arthrospira cultured In catfish culture waste media 100%
laboratory-scale bulk system can produce a maximum density of 0.867 grams dry weight
per liter, the growth rate of 22.026% day™ and 11.347 mg g phycocyanin yield and able
to reduce nitrogen waste by more than 80% and phosphate by more than 70%
(Wijayanti et al 2020).

The design of the cyanobacterial bioreactor Influences the important phyto-
biochemical content contained in the post-harvest biomass. Determination of the design
and culture system that is better and low-cost, will increase the practical and economic
feasibility of integrating cyanobacteria in agquaculture recirculation systems, thereby
increasing the potential for mass algae cultivation when scaling up this aguaculture
recirculating system (Ramli et al 2020). Increasing the scale of production from a closed
system to an open system Is an Iimportant step for the stability of product guality and
guantity, the technological and economic feasibility of the IMTA system. The pilot-scale is
used for commercial-scale preparation. Open pond bioreactors are often used because
they are easy and inexpensive to maintain (Mutiah 8 Khoirunisa 2013). There are two
types of open pond bicreactors, raceway, and circular/central pivot ponds, Circular ponds
where mixing is done by agitators or raceway ponds are egquipped with a paddle wheel
agitation system (Fazal et al 2018). De Jesus et al (2018) showed that 24-hour stirring
resulted in a blomass concentration of 1.60 = 0.04 g L™?, blomass productivity of 0.054 £
0.003 gL' h', and a specific growth rate of 0.05 £ 0.002 h™' on the coast of Bahia in
the city of Salvador, Brazil, and in the city of Camagua, Brazil It's yield density was of
0.90 £ 0.02 gL™!, blomass productivity of 0.009 + 0.001 gL' ! and specific growth of
0.02 £ 0.001 h™', However, stirring for 24 hours resulted in the use of high electrical
energy.

Jonker and Faal] (2013) concluded the electric energy consumption of stirring is
23% of the total energy demand. The difference in the stirfing time of A. platensis
culture with catfish culture wastewater has never been studied before. Therefore, it is
important to study differences in the length of time for stirring Arthrospira culture media
to make electricity use efficlent and maximize the growth of Spirulina In catfish culture
wastewater media by knowing the highest maximum population density of Arthrospira.
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Material and Method. This study was conducted from April to November 2021 at the
Laboratory of Aguaculture, Sriwijaya University, Indralaya, Ogan llir, South Sumatra,
Indonesia. The experimental design used in this study was a Randomized Block Design
using 3 treatments of agitation methods: control using 24-hour aeration day ' (TC),
stirring for 24 hours day™ (T24) and stirring for 12 hours day™ (T12). The replications of
culture time cycling were first culture cycie, second culture cycle, and third culture cycle
of Integrated Clarias catfish- Arthrospira culture.

Figure 1. Design of integrated Clarias catfish - Arthrospira culture in this study.

Preparation of Arthrospira growing media. Wastewater comes from catfish rearing
ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium,. The density of
catfish reared is 500 fish/m? with a size of 12+1 om with a salinity of 4 ppt (Sitio et al
2017) and a pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance catfish were fed
floating pellets with a proteln content of 31-33%. Feed is given 2 times a day (moming
and evening) at satiation. Mo water changes are made during fish rearing. After rearing
the catfish, the wastewater from catfish farming is taken and Ffiltered using a 30-40
micron cloth to clean the wastewater from dirt and insoluble feed residue.

Culturing and harvesting Arthrospira platensis, A. platensis used was first cultured
as Initlal stock Inoculum (Aquaculture Laboratory culture collection at Sriwijaya
University) with a minimum density of £ 1.0 g L*!. Then the A. platensis seeds were put
into the catfish culture wastewater media, with an Initlal density of £ 0.1 g L'. The
lighting time with the help of fluorescent lamps is 12 hours {Oktafiani & Hermana 2013,
Budiardl et al 2010). Agitation was carried out using a mill with a speed of 5-6 rpm. The
control had aeration using an aerator for 24 hours, treatment 1 was stirred for 24 hours,
while in treatment 2 the stirring was for 12 howrs (06:00 am — 6:00 pm).

When A, platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis is carried out using a cloth filter measuring 30-40
microns {Wijayanti et al 2020). A. platensis was filtered with a cloth then weighed for the
wet weight and then put into a porcelain crucible, then dried In an oven at 40°C for 18
hours (Afriani et al 2018 modification), then mashed in a mortar.

Daily density measurement. In this study, the initial density of A. platensis was
measured using 1 millliter of A. platensis culture samples In each treatment with 3
replications. The 1 milliliter water sample was put into a pre-weighed aluminum foil bowl,
The wet samples were then dried In an oven at 40°C for 18 hours., The dried water
sample after the oven treatment was reweighed to obtain dry weight blomass. The dry
weight of A. platensis biomass was then converted to g L' Measurement of the density
of A, platensis was carried out in each treatment every day at the same hour.
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Arthrospira platensis daily growth rate. The daily growth rate (i) of A. platensis can
be calculated using the Vonshak formula p= ({In Nt- In No)/t) x 100%, where Nt is the
biomass concentration at t days culture and No is the nitial biomass at 0 day culture
{Vonshak 2002).

Extraction and measurement of phycocyanin yield. The dry biomass of A. platensis
was taken at 0.04 g after passing through the exponential phase (harvest) for preparing
phycocyanin extraction. The method of phycocyanin extraction followed previous studies
{Wijayanti et al 2020). The absorbance of the extracted supernatant was measured using
a2 spectrophotometer at a wavelength of 615 nm and 5652 nm for determining
phycocyanin yield with Bennett and Bogorard formulas : C-phycocyanin (mg mL-1 )} =
(0D 815) - 0.474 (0D 652))/5.34; and Phycocyanin yield (mg g-1) = (C-phycocyanin x
Solvent volume)/Dried Biomass (Bennett & Bogorad 1973).

Reduction of total nitrogen content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase In
each treatment).

Business analysis. Profit calculation is done by R/C Ratio and ROI, which Is calculating
the selling price of catfish and A. platensis dry biomass divided by production costs
including feed costs, electricity usage for biomass production, and drying time for one
production cycle in each treatment.

RCR = Total Revenue ROI = Total Profit x 100%
Total Production Costs Total Production Costs

Statistical analysis. The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratio, reduction in total nitrogen content of each treatment medium were
analyzed for varlance (ANOWVA). If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis |Is
presented in graphical form. Specific growth rate data, phycocyanin yield, reduction of
total nitrogen, R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A, platensis for each culture treatment

have been shown In Figure 1. The time of achieving the highest density of A, platensis In
each treatment was eight days after cultivation start.
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Figure 1. Biomass density of Arthrospira platensis for 10 days.
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The maximum density in treatment TC was 0.645 g L' on day B, In treatment T24 It
reached 0.693 g L' on day 8, in treatment T12 it reached 0.690 g L' on day 2. The
maximum density of A. platensis on treatments have been shown in Figure 2. It can be
seen that the highest density of A. platensis was Iin the T24 treatment with a biomass of
0.693 g L' and T12 with an average biomass of 0.690 g L, while the lowest density was
in the TC treatment, 0.645 g L™

Maximum density (g L)
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o330
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Figure 2. Maximum density of 4. platensis biomass.

Table 1
Maximum density (g L) of A, platensis In treatment stirring on A. platensis culture
media from Clarfas waste water

The effect of
ol i vesiment (1)
1 2 3
TC 0.80 0.65 0.52 0.66 £ 0.14
T24 0.BO 0.68 0.67 0.72 = 0.07
Ti2 0.80 0.66 0.61 0.69 £ 0.10
Mean 0.80 £ 0.00 0.66 £ 0.02 0.60 £ 0.08

Based on Table 1, the highest density of A. pfatensis was seen in replicate 1 (first culture
cycle) with a biomass of 0.80 g L' and after that, it decreased gradually to 0,66 g L',
0.60 g L. The high and low density of A. platensis was determined by the nutrients that
were still present in the cultivation medium. The N ratio affects the growth of microalgae
and the level of light intensity that enters the medla. The maintenance of A. platensis
describes the growth phase from the first day to the 10th day slowly, because of cells
adapting to the new environmental conditions. All treatments had an average increase on
day 8. This explains that the growth of A. platensis cells undergo division. The existence
of cell division causes the growth of A. platensis to run guickly because the growth
medium of A, pfatensis is rich in nutrients that are needed for its growth. On day 8 the
maximum density of A4, platensis culture was reached. After the 8th day, all treatments
experienced a decline (death) phase on average. This is caused the number of nutrients
in the media had decreased. However, A. platensis cells were still able to divide but the
number was not as large as in the growth phase.

According to Budiardi et al (2010), the death phase is due to limited nutrition and
light supply, old cell age, environmental factors that are no longer supportive, and
contamination by other microorganisms. According to Haryati (2008), the decrease in
growth of A, platensis occurs due to reduced nutrients caused by the increase in A
platensis biomass, as a result, biomass needs to compete for nutrients in the culture
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medium. In addition, the denser the biomass results in the reduced intensity of light
entering the culture media so that it can interfere with the blomass to carry out
photosynthesis. The pinwheel and aeration aid in the agitation of the medium containing
nutrients and algae so that all cells are thoroughly exposed to the nutrients and light
supplied. In addition, the agitation caused by the velocity of the bubbles produced was
not good because not all parts of the cells were exposed to the nutrients from the
medium, High bubles aeration can also give less than optimal results on biomass density
in the Arthrospira culture (Jung et al 2019)

Specific growth rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth (Santosa 2010}. The value of the specific growth rate of A,
platensis for each treatment Is shown in Table 2 and Figure 3.

Specific Growth Rate (d?)
0,3

0,25

|

0,2 |
0.1%
0,1
0,05
o

BTC mT24 mTi2

Figure 3. Specific growth rate of A, platensis in growth phase,

Table 2
Specific growth rate (% per day) of A, platensis in treatment stirring and on A, platensis
culture media from Clarias waste water

Treatment of Group cycle rﬁ;&ﬂ;};
stirring media 1 P 3
TC 25,99 22.69 22.19 23.63 £ 2.07
T24 25.99 19.27 18.22 21.16 + 4.22
Ti2 25.99 20.97 16.35 21.11 + 4.82
Mean 25.99 £ 0.00 2098 £ 1.71 18.92 £ 2.98

Based on the results in Table 2, the control treatment gave the best specific growth rate
value of 23.63% per day. The 12 hours stirring gave the lowest growth rate value of
21.11% per day. Although, the specific growth rate of A. platensis blomass in all of the
results of the treatment is not different significantly. The high growth rate |s caused by
sufficient carbon dioxide which is diffused with aeration bubbles. According to de Godaos
et al (2014), the growth rate is influenced by the limitations of carbon dioxide in the
media. Under phototrophic growth conditions in raceway pond cultures, the carbon
dioxide becomes very limited. It can be at least 5% of the carbon required by algal
cultures is released directly into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of culture. In the first cycles of culture, the biomass had better conditions than in the
third cycle. The biomass of A. platensis needs the micronutrient for growth. The
wastewater medium is less micronutrient for enhancing growth. It can be suggested for
adding the micronutrient such as vitamins and trace minerals in the culture media for
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increasing the performance of A. platensis cells, especially for enhancing the growth.
According to Borowitzka and Vonshak {2017), potential problems with media recovery
are selective enrichment of cultured contaminating organisms or unwanted cell
morphologies; builld-up of specific lons that negatively Impact algal growth;
establishment of auto-inhibition; cell disruption during harvest resulting in increased
dissolved organic matter; flocculants residues |ead to flocculation of cells in the culture.
For the medium to be recovered may require some pretreatment or conditioning before
being returned to the culture tank. Most large commercial algae producers have
successfully iImplemented moderate recovery.

Reduction of total nitrogen content. Ammaonia in the form of ammonium s used by A.
platensfs as a nitrogen source to stimulate its growth. Nitrogen needed for microalgae
growth Is generally absorbed in the form of nitrate (NOs"). Nitrate Is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NHs*)} so that it can be
synthesized through various amino compounds in Spirufina (Widyantoro et al 2018). The
percentage of nitrogen reduction have beeen shown in Table 3,

Table 3
Reduction of total nitrogen content (%) in A. platensis culture media
Treatment of stirring Group cycle rz:,;ﬁ;ﬁf%
media 1 > 3
TC 97.54 98.82 98.76 98.38 £ 0.73
T24 99.28 99.19 99.01 99.16 £ 0.14
T12 92.75 95.71 98.07 95.51 % 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in
treatment T24 (99.161%) Is higher than In treatment TC (98.373%), and T12
(95.507% ). However, based on analysis of variance between treatments and groups, the
percentage reduction of nitrogen content had no significant effect. A. platensis In T24
treatment was able to utilize more nitrogen content. In this study A. platensis in
wastewater of Clarfas catfish can reduce total nitrogen media by more than 95%, The
study of A. platensis In wastewater of Nile tilapia (Oreochromis niloticus) reared in biofloc
system media can remove the nitrogen, such as nitrate nitrogen uptake of 99%, B0% of
total ammaonia nitrogen (TAN) and 90% of nitrite nitrogen for 10 days (de Moraes et al
2021). Ammonia can remove B7.77 % 1.01% by Spirulina platensis cultured in
wastewater of Pangasius catfish reared for 10 days (Wijayanti et al 2019). Thus, given
the results obtained, besides being able to grow in wastewater, A. platensis can also be
used in bioremediation processes of aquaculture wastewater.

Phycocyanin yield. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of
phycocyanin was obtained from TC which was an average of 0.464 mg mL™. While the
lowest levels of C-phycocyanin were in treatment 1 with an average of 0,39 mg mL . The
yield value of phycocyanin A. platensis for each treatment Is presented In Table 4,

Table 4
Phycocyanin (%) of A. platensis dry blomass at 10 days after cultivation
Treatment of stirrig media Gmw; cycle - The effect of treatrment (T)
TC 5.098 1.192 3.915 3.87 £ 2.32
T24 5.043 2.391 2.318 3.25 £ 1.55
Ti2 3.300 2.697 4.350 3.45 + 0.84
AaaCL Bioflux, 2022, Volurne 15, [ssue 6. 1096
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The analysis of variances at the treatment effects of phycocyanin yield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phycocyanin yield. The highest phycocyanin yield was obtained In the treatment using an
aerator for 24 hours day'! (3.87%) and the lowest was In the stirring treatment using a
propeller for 24 hours day! (3.25%). According to Zhou et al (2017}, pH value and
salinity of culture medla conditions can affect protein levels In A. platensis cells,
differences in salinity affect the external osmotic pressure of A, platensis cells causing
changes in cell composition, especially phycocyanin. Sharma & Tiwari (2011) stated that
the environment Includes nutrient availability, pH, salinity, light, and temperature can
Influence the growth and bio pigments accumulation of cyanobacteria biomass.,

Business analysis. The results of the feasibility analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish is
IDR 19,000 kg™, the price of feed is IDR 11,000 kg, the price of electricity is IDR 1,445
kWh'!, the price of salt is IDR 5,000 kg™' and the selling price of catfish IDR 22,000 kg™,
selling price of A, platensis IDR 500 g™', with investment in tools such as a dynamao (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, containers [DR
80,000 with a service life of & years, Tube lamp (32 watts) IDR 47,000 with a service life
of 4 years and Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI in each treatment and group. Table 5 shows the business analysis.

R/C Ratio (Return Cost Ratio) is a comparison between total revenue and
production costs. There are three criteria in the R/C ratioc, namely: R/C ratio > 1, then
the business is profitable, R/C ratio = 1, then the farm is breaking even, and R/C ratio <
1, then it is not efficient. ROI (Return On Investment) is a comparison between the total
profit and production costs in percent, There are three criteria in ROIL: ROI is positive, the
business Is profitable, ROI = 0, then the farm breaks even, and ROI is negative, so it Is
not efficient.

Honestly Significant Difference test showed that the R/C ratio and ROI in
treatment TC (aeration for 24 hours day') were significantly lower than treatments T24
and T12. Treatments T24 and T12 were not different significantly, although the highest
value was In the T12 treatment. In the T12 treatment, the R/C Ratio and ROl were the
highest, while in the control treatment the R/C Ratio and ROl were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of
electricity up to 46% of the total production cost, so it was less economical If done in
cultivation.

Tahble 5
R/C and ROI in A. platensis culture integrated with Clarfas catfish rearing systems, and
the feed conversion ratio of the catfish rearing

Feed Conversion

Treatment of Mean of R/C value Mean of RO[ value

stirring media rHs::-uufi siws) (H5Diuc o5= 852} e J’:Es;’#‘;;
TC 0.942 + 0.050 " -5.756 + 5.025* 1.38 + 0.33
T24 1.098 + 0,059 9,821 = 5,907° 1.30 £ 0.30
T12 1.120 £ 0.068 © 12.013 + 65.842° 1.04 £ 0.40

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was IDR
12,780 and catfish earn was IDR 21,294, product A. platensis flour was IDR 9,850 with a
total Income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis In 30 liters of media and 20 fish). A. platensis In 12,000 liters of
media and 8,000 fish will get an Income of IDR 12,457,696 and a profit of IDR 5,527,788
with a production cost of IDR 6,929,908 In 1 cycle, If in 1 yvear of production there are 26
cycles then the profit obtained will reac IDR 143,722,495,
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Conclusions, The utilization of catfish culture wastewater for the culture of A, platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A. platensis, the reduction
of total nitrogen content in the media, and the yield of phycocyanin, The best growth rate
and total nitrogen reduction were obtained in treatment T24 (stirfing using a mill for 24
hours per day). The result of the business analysis was better using a raceway system
with wheel rotation than using an aeratlon systern. The treatment stirrfing wheels 12
hours per day is the best result for scaling up Arthrospira production at an outdoor
integrated pond system.
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Techno-economic analysis of integrated multitrophic
Clarias gariepinus and Arthrospira platensis with
different agitation period
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Abstract, Arthrospira plalensis I8 a cyanobacieria that contains high levels of protein, fatty acids,
minerals, vitamins, amina acids, and phycocyaning. The cultivation of Arthrospira platensis is constrained
by fertilizers that have relatively high prices, so alternative fertilizers are used, one of which |5 catfish
waste which has sufficient nutrient centent for the growth of A, plalensis which can be integrated as
IMTA (Integrated Multi-trophic Aquaculture) Claras-Arthrospira. Cultures of A. plabensis on a mass scale
often use open culture ponds in the form of raceways because they are easy to handle. Raceway pond
agitation uses pedals that rotate for 24 hours leading to high electricity usage costs which account Tor
23% of total production costs, This study aims to determine the efficient stirring time on the growth aof
microalgae A. platensis. This study used 3 treatments with different stirring frequencies, namely
treatment 1 stirring for 24 hours (T24), treatment 2 stirfing for 12 houwrs (T12), and control wsing
aeration for 24 hours (TC), After harvesting the biomass, the water from filtration has flowed into the
catfish rearing container, Paramebters observed were daily density of A. platensis, specific growth rate of
A, platersis, revenue-cost (R/C) ratio, return of investment (ROI) and Tfeed conversion ratio of catfish
rearing that was used for A. platensis production. The results of the specific growth rate of A, platensis in
this study were TC 23.625%, T24 21.162%, Ti2 21.105% per day. The maximum density at TC and T12
was 0.8 g.L"! on day 10 while at T24 0.8 g.L'" on day 9. Revenue Cost (R/C) ratio can be reached at TC
0.94, T24 1.0%, T12 1,12, The result of catfish rearing used TC, T24, and T12 waste water treatments
with A, platensis showed that the feed conversion ratio of catfish rearing was 1.38, 1.20, and 1.04
respectively, The stirfing using a raceway container for 12 hours produced the best results compared to
other treatments,

Key Words: b/c ratio, catfish, raceway, Spirulina sp.

Introduction. Aguaculture techno-economics Is a complete study to scale up
aguaculture business from pilot plant scale to mass scale or industrial scale, to ensure
environmental-system stability and economic analysis of the feasibility of aguaculture.
The development of fish farming is being intensified as an effort to meet the food needs
of the community, especially protein. The Ministry of Maritime Affairs and Fisheries (KKP)
launched the 2021 KKP's tagline "Mobilizing aguaculture, it is believed that it can support
food security and regional economic development amid the Cowvid-19 Pandemic” [(KKP
2021), which is to drive agquaculture by paying attentlon to environmental sustainability
and encouraging community economic turnover (Antara 2021). The Increasingly limited
land and water for fish cultivation make the need for zero waste agquaculture technology
that is approached with a recirculation system (Ramili et al 2020). The productivity of fish
farming pond reclrculation systems can be increased by using the IMTA (Integrated Multi-
trophic Aguaculture) system. Integrated multi-trophic aguaculture (IMTA) Is a production
system of aquatic biota in which various species, of different trophic levels, are raised
near each other and the by-products (organic and inorganic waste) of one cultured
species are recycled to be used as nutrients for other blotas. IMTA can reduce the
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ecological impact around aguaculture operations, increase social perceptions of
aquaculture, and provide financial benefits to aguaculture actors through product
diversification, faster production cycles, and better income on IMTA products (Knowler et
al 2020). The concept of fish production and remediation aguaculture commaodities such
as microalgae and cyanobacteria with high economic value can be an alternative for zero
waste swamp aquaculture systems.

Cyanobacteria have been shown to be a rich source of blologically active
secondary metabolites including antiviral, anti-inflammatory, immunostimulant agents,
and their medicinal and nutraceutical properties (Deyab et al 2019; Tabarzad et al 2020).
Tiwari and Tiwari (2020) have summarized and updated therapeutic applications.
Cyanobacteria in drug development, with the introduction of the new term
"cyanctherapeutics”, after many studies have shown that these cyancbacteria have
immunomodulatory, antitumor-anticancer, antiviral-antiHIV, antibacterial, antimalarial,
antidiabetic activities which are specific characters for drug candidates (Naidoo et al
2020). Arthrospira platensis which Is the only cyanobacteria that is safe for consumption
free of toxins can be used to treat wastewater, including waste from fish farming because
blomass can metabolize nutrients and remove pollutants from agquaculture waste
efficiently {(Zhang et al 2019). Treatment of industrial waste and by-products can be used
for alternative culture media for Spiruling sp. (Arthrospira platensis) production as well as
fish farming wastewater (Wijayantl et al 2019; Widyantoro et al 2018, Ragaza et al
2020). Arthrospira platensis (Spiruling sp.) cultivation in fish pond wastewater can have
certaln characteristics. Thelr adaptation growing In organic wastewater makes changes in
the bicactive and production of Important compounds. Phycocyanin is blue pigment in
microalgae or cyanobacteria that have functions as antioxidant, source of food coloring,
cosmetics, nutraceuticals, pharmaceuticals, and anticancer (Liu et al 2013; Tang et al
2020; Tiwari & Tiwari 2020). Arthrospira platensis cultured in catfish culture waste media
100% laboratory-scale bulk system can produce a maximum density of 0.867 grams dry
weight per liter, the growth rate of 22.026% day™ and 11.347 mg g*' phycocyanin yield
and able to reduce nitrogen waste by more than 80% and phosphate by more than 70%
{Wijayanti et al 2020},

The design of the cyanobacterial bioreactor influences the important phyto-
biochemical content contained in the post-harvest biomass. Determination of the design
and culture system that s better and low-cost, will increase the practical and economic
feasibility of integrating cyanobacteria in aguaculture recirculation systems, thereby
Increasing the potential for mass algae cultivation when scaling up this agquaculture
recirculating system (Ramll et al 2020). Increasing the scale of production from a closed
system to an open system is an important step for the stability of product quality and
quantity, the technological and economic feasibllity of the IMTA system. The pllot-scale s
used for commercial-scale preparation. Open pond bioreactors are often used because
they are easy and inexpensive to maintain {(Mutiah & Kheirunisa 2013). There are two
types of open pond bioreactors, raceway, and circular/central pivot ponds. Circular ponds
where mixing is done by agitators or raceway ponds are equipped with a paddle wheel
agitation system (Fazal et al 2018). De Jesus et al (2018) showed that 24-hour stirring
resulted In a blomass concentration of 1.60 £ 0.04 g L™, blomass productivity of 0.054 £
0,003 g L' h™%, and a specific growth rate of 0.05 £ 0.002 h~! on the coast of Bahia in
the city of Salvador, Brazil, and in the city of Camaqua, Brazll It's yleld density was of
0.90 £ 0.02 gL™!, biomass productivity of 0.009 £+ 0.001 gL™! h™! and specific growth of
0.02 + 0.001 k™. However, stirring for 24 hours resulted In the use of high electrical
energy.

Jonker and Faal] (2013) concluded the electric energy consumption of stirring is
23% of the total energy demand. The difference in the stirring time of A platensis
culture with catfish culture wastewater has never been studied before. Therefore, It Is
important to study differences In the |length of time for stirring Arthrospira platensis
culture media to make electricity use efficient and maximize the growth of Spirulina sp.
in catfish culture wastewater media by knowing the highest maximum population density
of Arthrospira platensis.
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Material and Method. This study was conducted from April to November 2021 at the
Laboratory of Agquaculture, Sriwijaya University, Indralaya, Ogan llir, South Sumatra,
Indonesia. The experimental design used in this study was a Randomized Block Design
using 3 treatments of agitation methods: control using 24-hour aeration day! [TC),
stirring for 24 hours day™! (T24) and stirring for 12 hours day™ (T12). The replications of
culture time cycling were first culture cycle, second culture cycle, and third culture cycle
of integrated Clarias gariepinus - Arthrospira platensis.

Figure 1. Design of integrated Clanas gariepinus - Arthrospira platensis culture in this study.

Preparation of Arthrospira platensis growing media. Wastewater comes from
catfish rearing ponds which are kept for 14 days using a 40 x 40 x 40 cm aquarium. The
density of catfish reared is 500 fish/m? with a size of 12+1 cm with a salinity of 4 ppt
(Sitio et al 2017) and a pH of 7.5-8 (Ndubuisi et al 2015). During the maintenance
catfish were fed floating pellets with a protein content of 31-33%. Feed is given 2 times a
day (morning and evening) at satiation. No water changes are made during fish rearing.
After rearing the catfish, the wastewater from catfish farming is taken and filtered wsing
a 30-40 micron cloth to clean the wastewater from dirt and inscluble feed residue.

Culturing and harvesting Arthrospira platensis. A. platensis used was first cultured
as Initial stock inoculum (Aguaculture Laboratory culture collection at Sriwijaya
University) with a minimum density of £ 1.0 g L™'. Then the A. platensis seeds were put
into the catfish culture wastewater media, with an initial density of £ 0.1 g L'. The
lighting time with the help of fluorescent lamps is 12 hours (Oktafian| & Hermana 2013;
Budiardi et al 2010). Agitation was carried out using a mill with a speed of 5-6 rpm. The
control had aeration using an aerator for 24 hours, treatment 1 was stirred for 24 hours,
while In treatment 2 the stirring was for 12 hours (06:00 am - 6:00 pm).

When A, platensis has passed the peak phase of maximum density or exponential
phase, harvesting of A. platensis is carried out using a cloth filter measuring 30-40
microns (Wijayanti et al 2020). A, platensis was filtered with a cloth then welghed for the
wet weight and then put into a porcelain crucible, then dried in an oven at 40°C for 18
hours (Afrlani et al 2018 modification), then mashed in a mortar.

Daily density measurement. In this study, the initial density of A. platensis was
measured using 1 milliliter of A. platensis culture samples In each treatment with 3
replications. The 1 milliliter water sample was put into a pre-welghed aluminum foll bowl.
The wet samples were then dried In an oven at 40°C for 18 hours., The dried water
sample after the oven treatment was reweighed to obtain dry weight biomass. The dry
weight of A. platensis biomass was then converted to g L. Measurement of the density
of A. platensis was carried out In each treatment every day at the same hour.

AACL Bloflux, 2023, Yolume 16, Issue 1, 1092
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Arthrospira platensis daily growth rate. The dally growth rate (u) of A. platensis can
be calculated using the Vonshak formula p= ((In Nt- In MNo)/t) x 100%, where Nt is the
blomass concentration at t days culture and No is the initial blomass at 0 day culture
(Vonshak 2002).

Extraction and measurement of phycocyanin yield. The dry hiomass of A. platensis
was taken at 0.04 g after passing through the exponential phase (harvest) for preparing
phycocyanin extraction. The method of phycocyanin extraction followed previous studies
(Wijayantl et al 2020). The absorbance of the extracted supernatant was measured using
a spectrophotometer at a wavelength of 615 nm and 652 nm for determining
phycocyanin yleld with Bennett and Bogorard formulas @ C-phycocyanin (mg mL-1 ) =
((0D 615) - 0.474 (0D 652))/5.34; and Phycocyanin yleld (mg g-1) = (C-phycocyanin x
Solvent volume)/Dried Biomass (Bennett & Bogorad 1973).

Reduction of total nitrogen content. Reduction of total nitrogen content in the media
was carried out at the beginning and end of the study (1 day after the peak phase in
each treatment),

Business analysis. Profit calculation Is done by R/C Ratio and ROI, which is calculating
the selling price of catfish and A. platensis dry blomass divided by production costs
including feed costs, electricity usage for biomass production, and drying time for one
production cycle in each treatment.

RCR = otal Revenue ROI =
Total Production Costs Total Production Costs

Statistical analysis., The values of maximum density, growth rate, phycocyanin yield,
benefit-cost ratlo, reduction in total nitrogen content of each treatment medium were
analyzed for variance (ANOWVA), If it was significantly different, then the analysis was
continued using the Honest Significant Difference test. The density of A. platensis is
presented in graphical form. Specific growth rate data, phycocyanin yield, reduction of
total nitrogen, R/C ratio, ROI, and FCR are presented in tabular form.

Results and Discussion
Density of A. platensis. The daily density of A. piatensis for each culture treatment

have been shown In Figure 1. The time of achleving the highest density of A. platensis in
each treatment was eight days after cultivation start.
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Figure 1. Biomass density of Arthrospira platensis for 10 days.
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The maximum density in treatment TC was 0.645 g L! on day 8, In treatment T24 it
reached 0.693 g L' on day 8, in treatment T12 it reached 0.690 g L' on day 9. The
maximum density of 4. platensis on treatments have been shown in Figure 2. It can be
seen that the highest density of A, platensis was in the T24 treatment with a biomass of
0.693 g L' and T12 with an average biomass of 0.690 g L™, while the lowest density was
in the TC treatment, 0.645 g L%

Maximum density (g L)

080
070
060
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0,40
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020
0,10

0,00

BTC ET24 = T12

Figure 2. Maximum density of A, platensis biomass,

Table 1
Maximum density (g L") of A. platensis in treatment stirfing on A. platensis culture
media from Clarias gariepinus waste water

Treatment of Group cycle e sifect oy
stirring media frosument (12
i 2 3

TC 0.80 0.65 0.52 0.66 + 0.14
T24 0.80 0.68 0.67 0.72 £ 0.07
T12 0.80 0.66 0.61 0.69 £ 0.10

Mean 0.80 £ 0.00 0.66 £ 0.02 0.60 £ 0.08

Based on Table 1, the highest density of A. platensis was seen In replicate 1 {first culture
cycle) with a biomass of 0.80 g L* and after that, it decreased gradually to 0.66 g L7,
0.60 g LY, The high and low density of A. platensis was determined by the nutrients that
were still present in the cultivation medium. The N ratio affects the growth of microalgae
and the level of light intensity that enters the media. The maintenance of A. platensis
describes the growth phase from the first day to the 10th day slowly, because of cells
adapting to the new environmental conditions. All treatments had an average Increase on
day B. This explains that the growth of A. platensis cells undergo division. The existence
of cell division causes the growth of A. platensis to run guickly because the growth
medium of A. platensis is rich in nutrients that are needed for its growth, On day 8 the
maximum density of A. platensis culture was reached. After the Bth day, all treatments
experienced a decline {death) phase on average. This is caused the number of nutrients
in the media had decreased. However, 4. pfaltensis cells were still able to divide but the
number was not as large as In the growth phase,

According to Budiardi et al (2010), the death phase Is due to limited nutrition and
light supply, old cell age, environmental factors that are mo longer supportive, and
contamination by other microorganisms. According to Haryatl (2008), the decrease In
growth of A, platensis occurs due to reduced nutrients caused by the increase in A.
platensis biomass, as a result, blomass needs to compete for nutrients in the culture
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medium. In addition, the denser the blomass results in the reduced intensity of light
entering the culture media so that it can interfere with the biomass to carry out
photosynthesis, The pinwheel and aeration aid in the agitation of the medium containing
nutrients and algae so that all cells are thoroughly exposed to the nutrients and light
supplied, In addition, the agitation caused by the velocity of the bubbles produced was
not good because not all parts of the cells were exposed to the nutrients from the
medium. High bubles aeration can also give less than optimal results on biomass density
In the Arthrospira platensis culture (Jung et al 2019)

Specific growth rate. The specific growth rate describes the rate of growth of algal cells
per unit time which can be used as a benchmark to determine the carrying capacity of
the media on algae growth (Santosa 2010). The value of the specific growth rate of A.
platensis for each treatment is shown in Table 2 and Figure 3.

Specific Growth Rate (d1)
0,3

0,25

BTC mT24 mT12

Figure 3. Specific growth rate of A. platensis in growth phase.

Table 2
Specific growth rate (% per day) of A. platensis in treatment stirring and on 4. platensis
culture medla from Clarias garfepinus waste water

Treatment of Group cycle s
stirring media 1 2 3
TC 25.99 22.69 22.19 23.63 + 2.07
T24 25.99 19.27 18.22 21.16 £ 4.22
T12 25.99 20.97 16.35 21,11 + 4.82
Mean 25.99 £ 0,00 20.98 + 1.71 18.92 # 2.98

Based on the results in Table 2, the control treatment gave the best specific growth rate
value of 23.63% per day. The 12 hours stirring gave the lowest growth rate value of
21.11% per day, Although, the specific growth rate of A, platensis blomass In all of the
results of the treatment is not different significantly. The high growth rate is caused by
sufficlent carbon dioxide which is diffused with aeration bubbles. According to de Godos
et al {2014), the growth rate is influenced by the limitations of carbon dioxide in the
media. Under phototrophic growth conditions in raceway pond cultures, the carbon
dioxide becomes very limited. It can be at least 5% of the carbon required by algal
cultures Is released directly Into the atmosphere from culture media.

In contrast, the first cycle gave different specific growth rates with the third cycle
of culture. In the first cycles of culture, the biomass had better conditions than In the
third cycle. The biomass of A. platensis needs the micronutrient for growth. The
wastewater medium is less micronutrient for enhancing growth. It can be suggested for
adding the micronutrient such as vitamins and trace minerals in the culture media for
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increasing the performance of A. platensis cells, especially for enhancing the growth.
According toc Borowitzka and Vonshak (2017), potential problems with media recovery
are selective enrichment of cultured contaminating organisms or unwanted ocell
morphologies; build-up of specific lons that negatively Impact algal growth;
establishment of auto-inhibitlon; cell disruption during harvest resulting In Increased
dissolved organic matter; flocculants residues lead to flocculation of cells in the culture.
For the medium to be recovered may require some pretreatment or conditioning before
being returned to the culture tank. Most large commercial algae producers have
successfully implemented moderate recovery.

Reduction of total nitrogen content. Ammonia in the farm of ammonium is used by A,
platensis as a nitrogen source to stimulate its growth. Nitrogen needed for microalgas
growth |s generally absorbed in the form of nitrate (NO:'). Nitrate is further reduced by
nitrite reductase to nitrite and then reduced to ammonium (NHs*)} so that it can be
synthesized through various amino compounds in Spirufing sp. (Widyantoro et al 2018).
The percentage of nitrogen reduction have beeen shown in Table 3.

Table 3

Reduction of total nitrogen content (%) In A. platensis culture media
The effect of

Treatment of stirring Group cycle treatment (T)
media
1 2 3

TC 897.54 98.82 98.76 98.38 £ 0.73
T24 99.28 99.19 95.01 99.16 + 0.14
Ti2 92.75 95.71 98.07 95.51 + 2.66

Based on the results in Table 3, the percentage reduction of nitrogen content in
treatment T24 (99.161%) Is higher than in treatment TC (98.373%), and Ti12
{95.507% ). However, based on analysis of varlance between treatments and groups, the
percentage reduction of nitrogen content had no significant effect. A, platensis in T24
treatment was able to utilize more nitrogen content. In this study A. platensis In
wastewater of Clarfas gariepinus catfish can reduce total nitrogen media by more than
95%. The study of A. platensis in wastewater of Nile tilapia (Oreocchromis niloticus)
reared in bicfloc system media can remove the nitrogen, such as nitrate nitrogen uptake
of 99%, B0% of total ammonia nitrogen (TAN) and 90% of nitrite nitrogen for 10 days
{de Moraes et al 2021). Ammaonla can remave 87.77 = 1.01% by Spirulina platensis
cultured In wastewater of Fangasius catfish reared for 10 days (Wijavanti et al 2019).
Thus, given the results obtained, besides being able to grow in wastewater, A, platensis
can also be used in bioremediation processes of aquaculture wastewater.

Phycocyanin yield. The results of the phycocyanin analysis included C-phycocyanin and
phycocyanin extract yields. Based on the research, the highest concentration of
phycocyanin was obtalned from TC which was an average of 0.464 mg mL™*. While the
lowest levels of C-phycocyanin were In treatment 1 with an average of 0.3%2 mg mL™. The
yvield value of phycocyanin A, platensis for each treatment is presented in Table 4,

Table 4
Phycocyanin (%) of A. platensis dry biomass at 10 days after cultivation
Group cycle The effect of treatment (T,
Treatment of stirming media 2y (M)
1 4 J
TC 5.098 1.192 5.315 3.87 + 2.32
T24 5.043 2.391 2.318 3.25 + 1.55
T12 3.300 2.697 4.350 3.45 = 0.B4
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The analysis of variances at the treatment effects of phycocyanin yield (Table 4) showed
that the stirring time and the different groups were not significantly different from the
phycocyanin yield. The highest phycocyanin yield was obtained in the treatment using an
aerator for 24 hours day' (3.87%) and the lowest was in the stirring treatment using a
propeller for 24 hours day™' (3.25%). According to Zhou et al (2017), pH value and
salinity of culture medla conditions can affect protein levels In A, platensis cells,
differences in salinity affect the external osmotic pressure of A, platensis cells causing
changes In cell composition, especially phycocyanin. Sharma & Tiwarl (2011) stated that
the environment includes nutrient availability, pH, salinity, light, and temperature can
influence the growth and blo pigments accumulation of cyanobacteria blomass.

Business analysis. The results of the feasibllity analysis for semi-mass production are
obtained from production costs with the assumption that the purchase price of catfish is
IDR 19,000 kg, the price of feed is IDR 11,000 kg™, the price of electricity is IDR 1,445
kWh!, the price of salt |s IDR 5,000 kg'! and the selling price of catfish IDR 22,000 kg'!,
selling price of A, platensis IDR 500 g™, with investment in tools such as a dynamo (4
watts) IDR 18,000 with a service life of 4 years, a mill of IDR 30,000 with a service life of
4 years, two aerators (10 watts) IDR 37,000 with a service life of 3 years, containers IDR
80,000 with a service |Ife of 6 years, Tube lamp (32 watts) IDR 47,000 with a service life
of 4 years and Asahi cloth IDR 18,000 with a service life of 4 years, analysis of R/C Ratio
and ROI in each treatment and group. Table 5 shows the business analysis.

R/C Ratio (Return Cost Ratio) Is a comparison between total revenue and
production costs. There are three criteria in the R/C ratio, namely: R/C ratio > 1, then
the business |s profitable, R/C ratio = 1, then the farm Is breaking even, and R/C ratio <
1, then it is not efficient. ROI (Return On Investment) is a comparison between the total
profit and production costs In percent. There are three criteria in ROL: ROI |s positive, the
business is profitable, ROI = 0, then the farm breaks even, and ROI is negative, so it is
not efficlent.

Honestly Significant Difference test showed that the R/C ratio and ROI in
treatment TC (aeration for 24 hours day™') were significantly lower than treatments T24
and T12. Treatments T24 and T12 were not different significantly, although the highest
value was in the T12 treatment. In the T12 treatment, the R/C Ratio and ROl were the
highest, while in the control treatment the R/C Ratic and ROI were the lowest compared
to other treatments, the low profit in the aeration treatment was due to the use of
electricity up to 46% of the total production cost, so it was less economical if done in
cultivation.

Table 5
R/C and ROI in 4. platensis culture integrated with Clarias gariepinus rearing systems,
and the feed conversion ratio of the catfish rearing

Treatment of Mean of R/C value Mean of ROT value Fiii:?gz_;f:ﬁ"

stirring media (HSDs0.05= 0.069) {HSDoi.05= 6.682) catfish rearing
TC 0.942 = 0.050* -5.756 £ 5.025° 1.38 £ 0,33
T24 1.098 + 0.059 ® 9.821 £ 5.907*" 1.30 £ 0.30
T12 1.120 £ 0.068 © 12.013 + 6.842Y 1.04 £ 0.40

In T12's first production cycle, the average cost of feed was IDR 3,458, catfish was IDR
12,780 and catfish earn was IDR 21,294, product A. platensis flour was IDR 9,850 with a
total income of IDR 31,144 with a profit of IDR 1,585 from production costs of IDR
29,559 (A platensis in 30 liters of media and 20 fish). A, platensis in 12,000 liters of
media and 8,000 fish will get an income of IDR 12,457,696 and a profit of IDR 5,527,788
with a production cost of IDR 6,929,908 in 1 cycle, if in 1 year of production there are 26
cycles then the profit obtained will reac IDR 143,722,495,
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Conclusions. The utilization of catfish culture wastewater for the culture of A, platensis
with different treatments and stirring time gave a significant effect on business analysis,
but no effect on the maximum density and the growth rate of A. platensis, the reduction
of total nitrogen content in the media, and the yield of phycocyanin. The best growth rate
and total nitregen reduction were obtained in treatment T24 (stirring using a mill for 24
hours per day). The result of the business analysis was better using a raceway system
with wheel rotation than using an aeration system. The treatment stirring wheels 12
hours per day is the best result for scaling up Arthrospira platensis production at an
outdoor integrated pond system.
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