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Abstract. Arthrospira production technology in catfish waste media can be an alternative to reduce environmental pollution.
However, some environmental factors such as nutrition, light and water content can influence characterization of Arthrospira
at the genetic and physiologic level. Arthrospira platensis is one of the phycocyanin-producing cyanobacteria and can be
cultured using catfish culture wastewater. Water quality especially pH and salinity can effect of growth rate and rendement of
phycocyanin from Arthrospira platensis.This study aimed to identify the species and morphological forms of Arthrospira
cultured using technical fertilizer and waste media, as well as to know the phylogenetic trees between species in this study and
the GeneBank based on the 16S rRNA gene, and determine the optimum of pH and salinity required in the medium of catfish
culture wastewater to phycocyanin maximum production of Arthrospira. The optimation of pH and salinity method used
Completely Randomized Design (CRD) factorial with 2 factors consisting of the first factor with 3 treatments and the second
factor with 4 treatments and 3 replications. The first factor was pH of culture medium i.e. pH 6.5 + 0.2, pH 8.5 = 0.2 and pH
10.5 £ 0.2. The second factor was salinity of culture medium, that were salinity O ppt, 10 ppt, 20 ppt and 30 ppt. Parameters
observed in Arthrospira include density, growth rate, rendement of phycocyanin, and decreased of total nitrogen and
phosphate content in culture media. The results showed that morphology Arthrospira cultured on technical fertilizer media
(AF) had a longer and helix filament compared to Arthrospira cultured on waste media (AW) which showed several linear
and shorter filaments. Both samples have a genetic distance of 0.068 (6.8%). Phylogenetic trees indicated that AF had a close
relationship with Arthrospira platensis petH from Japan (bootstrap value 95%). While AW formed a separate sub cluster of
AF isolates and Arthrospira platensis petH from Japan (bootstrap value of 85%). The best treatment in this study was P2S3
(pH 8.5 £ 0.2 with salinity 20 ppt), which produced 0.867 grams maximum density, growth rate of 22.026 %.day™! and 11.347
mg.g"! rendement of phycocyanin.

Key words: catfish culture wastewater, DNA barcode, pH, phycocyanin, phylogenetic analysis, salinity,
Spirulina(Arthrospira),16S rRNA

Abbreviations: AF = Arthrospira platensis cultured on technical fertilizer media; AW= Arthrospira platensis cultured on
waste media

Running title: a short title with five words

INTRODUCTION

Arthrospira is a genus of cyanobacterial microalgae, commonly known under the taxonomically incorrect
brand name ‘Spirulina’ (Papapanagiotou & Gkelis, 2019). The cyanobacterial genus Arthrospira Stizenberger ex
Gomont 1892 contains at present 23 species, along with 12 infraspecific taxa (Guiry & Guiry, 2018). They have
variety characteristic of molecular, morphology, and physiology that based on polyphasic approach. Various
genotypes are adaptable to various specialized ecosystems. The combination of different methods should be based
on molecular sequencing as the basic approach, to which must be added other criteria (morphological, ecological)
if they are available and which are distinct and recognizable in cyanobacterial populations (Komarek, 2016). A
polyphasic approach to include all the criteria obtained from morphological, biochemical, molecular studies, and
phylogenetic to understand cyanobacterial classification as like as Arthrospira classification (Komarek, 2018).

Recent studies have shown that Arthrospira can be used for treating wastewater, including effluent from
fish culture, because the biomass can metabolize the nutrients and remove the polutant from aquaculture effluent
efficiently (Zhang et al., 2020). Industrial and processing wastes and by-products for culturing Spirulina
(Arthrospira) are also being considered as alternative culture media, as like as aquaculture waste water (Ragaza
et al. 2020, Wijayanti et al. 2018, Widyantoro et al., 2018). Aquaculture could apply an integrated strategy of
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simultaneously treating aquaculture effluent while producing the biomass to supplement fish diets. The nutrient
composition in their biomass depends on their environmental factor for growing biomass. Their character could
be different with the various media for growth.

Basically, Arthrospira's morphology is characterized by trichomes that circular regularly (helical).
However, abnormal morphology can also occur in Arthrospira as a circular shape that is irregular even linear. In
some cultivation conditions, linear filaments can spontaneously return to the helix. However, there are significant
differences in morphology, ultrastructure, physiology, biochemistry, and genetic characteristics between the
original filament and the linear filament but not the difference between the original and the returned filament.
Linearization in Arthrospira is a variation on the genetic level that can be caused by several environmental factors
such as nutrition, light and content of water media for growth (Wang and Zhao 2005). According to Liu et al.,
(2016), DNA barcoding has developed as a reliable technology for identifying species based on variations in the
sequence of standard DNA regions. This method is used successfully in a variety of biological applications
including finding cryptic species, detecting invasive species, and identifying plants. DNA barcoding is a simple
short genome sequence amplified via PCR using appropriate primers (Adamowicz, 2015). DNA barcoding using
the 16S rRNA gene has been widely used to determine bacterial DNA characterization. Therefore, identification
of Arthrospira using the 16S rRNA gene needs to be done to get the characterization of Arthrospira that is cultured
on technical fertilizer and waste media and determine the phylogenetic tree structure that has been recorded in
GenBank.

Culture of Arthrospira (Spirulina) in Clarias pond farming wasted water could have specific
characterization for optimal pH value and salinity. Their adaptation to grow in organic waste water make change
in bioactive and important compound production. Their biomass has a nutritional value of 55-70% protein, 6-
10% lipid, 20% carbohydrate, besides being rich in minerals, vitamins, and pigments (Borowitzka et al., 2016;
Vernes et al.,, 2016). Some color pigments that can be produced such as phycocyanin (blue pigment),
allophycocyanin (blue-green) and phycoerythrin (red pigment) (Sharma and Tiwari, 2011; Vernes et al., 2015).
Phycocyanin is pigment in Arthrospira which has functions as an antioxidant (Pirenantyo and Limantara., 2008),
a source of food coloring, cosmetics, pharmaceuticals and drugs (Tang et al,. 2020; Tiwari & Tiwari, 2020), anti-
inflammatory, anti-oxidative and anticancer (Liu et al., 2013). One of the factors that influence phycocyanin levels
is biomass (Taufiqurrahmi et al., 2017). The pH and salinity of culture media can affect the biomass of Arthrospira
(Ciferri, 1983; Marek et al., 1987; Planes et al., 2002). Ismaiel et al. (2016) showed that the diversity of the
chemical composition of biomass is influenced by the pH of the growth media. Value of pH and environmental
factors, especially salinity, influence the productivity of cell biomass, photosynthesis, shape, and flow of cellular
metabolic activity that affect the dynamics of cell composition (Hu, 2004). The optimal pH value for growth of
Arthrospira sp is 7-10.5 (Hariyati, 2008), and salinity from 15-30 %o (Thajuddin and Subramanian, 2005). The
salinity and pH value of Arthrospira culture media have been known to affect the morphology of the filament.

The aims of this study is characterizing morphological forms and DNA barcode based on the 16S rRNA
gene of Arthrospira (Spirulina) cultured in fertilizer and waste water effluent of Clarias pond farming media, and
determining optimal pH value and salinity of culture media for growth and phycocyanin production, especially in
Clarias pond farming waste water media and morphological changes of their filament.

MATERIALS AND METHODS

Arthrospira cultured in agar media

Bacto agar was weighed as much as 2 g dissolved in 100 ml of water. The water used was swamp water
and catfish culture waste that has been filtered and sterilized using an autoclave. Sterilized swamp water was then
added with 0.02 gram MgSO4 fertilizer; CaCl, 0.004 gram; EDTA 0.008 gram; urea 0.03 gram; ZA 0.132 grams;
0.4 gram baking soda; AB solution 1 ml (A solution 20 grams / 100 ml B solution 20 grams/100 ml water) and
TSP 0.05 grams were then homogeneous using magnetic stirrers. Next, wasted water was sterilized by an
autoclave then cooled. Bactoagar was added to the technical fertilizer and waste solution to be homogenized using
a magnetic stirrer and then boiled using a hot plate until all the ingredients dissolve and then autoclave again. The
agar media was made with a pH of 7 and a salinity of 10 g.L".

Arthrospira cultivated in liquid media was taken 100 pl using micropipette and spread to the surface of
a petri dish containing bactoagar media by using a sterilized spreader rod. Petri dishes were wrapped in wrapping
plastic and then given a lamp lighting (light intensity 2000-4000 lux) with a dark: light ratio = 0:24 hours.



Arthrospira was observed every day until it grows blue green. After growing, Arthrospira was re-cultured in agar
media by the 4 quadrant scratch method. The cultures were used as isolate samples for determining DNA barcodes.

DNA extraction

DNA extraction was carried out according to procedures in which there was a Presto TM Mini gDNA
Bacteria Kit (Geneaid Biotech Ltd.). DNA extraction consisted of several stages: sample preparation, lysis,
purification, and precipitation or washing. The sample used was 0.15 grams of wet weight for one extraction.

DNA Amplification

The process of DNA amplification using the PCR (Polymerase Chain Reaction) method was performed
using 2 pl forward primers 63f (5'-CAGGCC TAA CAC ATG CAA GTC-3") and reverse primer 1387r (5'-GGG
CGG WGT GTA CAA GGC-3 ") (Marchesi et al., 1998). The total composition of the PCR mixture was 50 pl
which consisted of 25 pul Go Taq Green, 13 pl NEW (Nuclease Free Water) and 8 pl Arthrospira DNA extraction
template. DNA amplification was carried out in stages: the initiation cycle at 95°C for 5 minutes, followed by 30
denaturation cycles at 94 °C for 30 seconds, annealing at 55 °C for 30 seconds, then the extension stage at 72 °C
for 1 minute, and the final stage 72 °C for 7 minutes (Lee et al., 2003).

Electrophoresis

Electrophoresis was carried out using 1% agarose gel at 75 V for 35 minutes. Agarose that have been
electrophoretic was immersed with a mixture of 10 pl diamond dye solution and 100 ml TAE 1x buffer solution
for 30 minutes without exposure to light. The results were visualized through gel documentation by observing
DNA migration using a transiluminator UV.

Gene Sequencing

Arthrospira DNA samples that were successfully amplified using PCR were then sequenced in the
fragments of 16S rRNA gene. The amplified products were sequenced through the services of the Macrogen
Institute in Jakarta. The DNA sequences obtained in the form of fasta format were aligned using MEGA 6.0
software and then uploaded through the Basic Local Alignment Search Tool (BLAST) program. BLAST was a
program to search for and analyze the homology of an organism's sequence, on the ncbi.nlm.nih.gov website so
that its homology can be identified with other genus Arthrospira 16S rRNA gene sequences registered in the
GenBank database. The genetic distance and phylogenetic trees between genera were constructed using the
Neighbor Joining (NJ) method. The phylogenetic tree was constructed through the Mega 6.0 software application
using the Neighbor-Joining (NJ) method of the Maximum Composite Likelihood model and Substitutions to
include d: Transitions + Transversions with 1000x boostrap. Meanwhile Arthrospira morphologicals form
analysis were presented in the form of images and discussed descriptively by referring to the appropriate literature.

Optimization of pH and salinity for growing Arthrospira in Catfish farming wasted water

The experimental design for optimizing pH and salinity media for growing Arthrospira in Catfish farming
wasted water was a Factorial Completely Randomized Design (CRD) consisting of the first factor with 3
treatments and the second factor with 4 treatments and 3 replications. The first factor was the difference of pH in
culture media, including P1: culture media pH 6.5 + 0.2, P2: culture media pH 8.5 + 0.2 and P3: culture media pH
10.5 £ 0.2. The second factor was the difference of salinity in culture media i.e. S1: salinity of 0 %o, S2: salinity
of 10 %o, S3: salinity of 20 %o, and S4: salinity of 30 %eo.

Culture preparation

The equipment used in this study was sterilized using 70% alcohol to minimize the contaminants that
inhibit the productivity of Arthrospira. The containers used plastic bottles with capacity of 5 L volume of 36 units.
The plastic bottle were sterilized using a potassium permanganate solution (2 mg. L-!). Catfish culture wastewater
obtained from catfish farming ponds measuring 2 m x 1 m x 1 m, and high of water media was 20 cm (Figure 1).
The density used in the pond was 330 fish.400 L' with 150 grams fish!, maintained for 2 months by providing
artificial feed (protein 31%-33%), twice per day at satiation. Catfish culture wastewater was previously sterilized
by boiling in an autoclave and then cooled, while the steril wastewater was treated with salinity. In treatments S1,
S2, S3 and S4 were added with salt until salinity was obtained according to the treatment. The wastewater media
had a pH of 7.3, therefore there was an addition of HCI 1 N of 0.75 ml L' in P1 treatment to reach a pH of 6.5.
Meanwhile,. in treatments P2 and P3, to get a pH of 8.5 and pH 10.5 there was an addition of NaOH 8 N as much
as 0.07ml L' and 0.45 ml L-'.
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Figure 1. Catfish farming pond Figure 2. Arthrospira cultivation

Arthrospira cultivation.

Arthrospira previously used was cultured in catfish culture wastewater for culture stock with a density
of 2 g L. The stock was taken as much as 400 ml in 3600 ml of catfish culture wastewater in accordance with
treatment. Aeration was used for agitation, the lighting using 36 watt TL lamps for 24 hours day™! during
maintenance (Figure 2).

Harvest of biomass.

Harvest of the biomass was after exponential phase by filtering. The biomass was dried using an oven
for 14 hours at 40 °C (Afriani et al., 2018 with modification). The dry biomass was used for the phycocyanin
extraction process.

Phycocyanin extraction

The dry biomass was 0.04 g added by 1 ml of phosphate buffer pH 7, then homogenized and frozen in
the freezer for 24 hours at a temperature of -4 °C. After 24 hours from the freezer, thawing process for 15 minutes.
Samples were centrifuged for 30 minutes at 3000 rpm. After that, the sediment and the supernatant were separated.
The resulting supernatant was phycocyanin which be analyzed using the Bennett and Bogorad method (1973).

The density of Arthrospira biomass.

Biomass density measurements were performed at each treatment and 3 replications every day at the same hour.
The density of biomass was 1 ml of sample in each treatment with 3 replications. The 1 ml of sample into
aluminum bowl. The sample and the aluminum bowl were weighed, then dried in the oven for 14 hours at 40 °C.
The sample of water that had dried was weighed again. The dry biomass weight of Arthrospira biomass was
converted to g L'

Figure 3. Dry biomass of Arthrospira platensis after oven

The growth rate of Arthrospira can be calculated using the following formula according to Vonshak (1997):

pu=In Nt—1In No x 100%
t

Note : w = daily growth rate (% days™)
t = time (days) from No to N¢
No = initial density (g L")
Ni= density at the time t (g L)



Measurement of total nitrogen and phosphate content in culture media was carried out at the beginning and the
first day after the peak phase of each treatment..

The measurement of phcocyanin refers to Bennett and Bogorad (1973). The absorbed supernatant was measured
using a spectrophotometer at wavelengths of 615 nm and 652 nm.

C-phycocyanin (mg.mL") = _ (OD 615)- 0.474 (OD 652)
5.34

Rendement of phycocyanin (mg g') = _ C-phycocyanin x V
DB

Rendement percentage of phycocyanin (%) = Rendement of phycocyanin (mg g!) x 100%

Note:  C-phycocyanin = C-phycocyanin consentration (mg. mL")
V = Solvent Volume (ml)
DB = Dry Biomass (0.04 g)
0.474 and 5.34 = coefficient of extinction (Bennett and Bogorad, 1973)

The results were submitted to simple analysis of variance tests (ANOVA) (p <0.05) and in the case of significant
differences, the means were compared by the Least Significant Differences test (p<0.05).

RESULTS AND DISCUSSION
Morphology of Arthrospira

Arthrospira was cultivated using two different fertilizer media namely technical fertilizer and waste
media. The morphology of commercial Arthrospira before fertilizer treatment was presented in Figure 4.

Lg:' 1-&-.. ) 9_:,* | Y. -1

Note: a=helical form AF
CA b = helical form AW AF AW
¢ = straight form AW

Figure 4. Morphological identification results of Arthrospira isolate (CA =Commercial Arthrospira ; AF= commercial
Arthrospira cultured with technical fertilizer media; AW= commercial Arthrospira cultured with waste media) 40x
magnification

The results of the identification of isolates showed that the isolate had a twisted filament shape resembling a spiral
(helical). Based on Davis's identification book (1955), it is known that the isolate used in the study was Spirulina
(Arthrospira) platensis. Arthrospira is cyanobacteria belonging to the order Oscillatoriales which has a filament
(trichome) that resembles a spiral (helical) but does not have heterocyst cells (Sze, 1998). Heterocyst cells are
special thick-walled cells that play a role in nitrogen fixation from the air (Fogg et al., 1979). In this study
Arthrospira cultured in different media had several linear/straight morphologies.

Based on Figure 2, Arthrospira which was cultured on technical fertilizer media has a longer and spiraling
morphological form compared to another cultured on waste media. Their filaments have more linear
morphological form, some spirals but not too long. According to Astiani et al (2016), Arthrospira growth is
influenced by nutritional and environmental factors. Wang and Zhao (2005) explained that linearization that
occurs in Arthrospira is a variation on the genetic level that can be caused by environmental factors such as lack
of nutrition and high light intensity. In this study, isolates were cultured with the same light intensity of 2000-
3000 lux with a light dark ratio of 0:24 hours.. Linear filaments in AW have a lower metabolic rate compared to



helical filaments. This is one of the adaptive mechanisms for Arthrospira to survive some environmental
conditions that are not appropriate.

Tabel. 1. The results of the BLASTn analysis of Arthrospira samples cultivated in technical fertilizer and waste media with
data in Genbank

Description Identity (%) Access code Sample origin
Arthrospira (fertilizer)

Arthrospira platensis petH 100 AB113346 Japan
Spirulina platensis CCC 478 90,48 JX014313.1 India
Spirulina platensis cyaG 94,4 D49531.1 Japan
Arthrospira platensis PCC 7345 90,12 IN831264.1 USA
Arthrospira maxima EEW2 74,4 HQO008225 Australia

Arthrospira (waste media)

Arthrospira platensis petH 94,3 D49531.1 Japan

Arthrospira platensis DKCAS2 81,4 MG912588.1 India

Spirulina platensis CCC 478 74,4 JX014313.1 India

Arthrospira maxima str. Lefevre 1963/M-132-1 73,3 FJ798612 Venezuella

Arthrospira maxima EEW2 72,2 HQO008225 Australia
Phylogenetic Tree

The results of the 16S rRNA encoding gene sequences from AF and AW isolates were traced to other
Arthrospira isolates present in GenBank through the BLAST program. The results of the BLASTn analysis of
Arthrospira samples cultivated in technical fertilizer and waste media with data in Genbank are presented in Table
1. Table 1 results of the BLAST analysis show the closeness between AF and AW isolates with other isolates in
GenBank. It show that Arthrospira technical fertilizer isolates and Arthrospira waste isolates have the closest
homology to Arthrospira platensis petH species from Japan with percentage values respectively 100% and 94.3%.

i1y JHBIT2E4 1 Arthrospira platensis PCC TS (LISA)
B | BAG912588 1 Arnhrospira plaiensis DKCAS2 {indiaj
"_t_D FIT98612 1 Arthrospira maxima str. Lefews 19683 (Venazuslla)
HOO08225 1 Arthidapira masema EEW2 {Austialia)

*f[ JED14313 1 Spirulina platensis CCC AT8 (India)

Da8531 1 Spirulirea platensis cyal (Japan)
190479033 D1 AW
{ 190429 A01 AF
N 95 = AF113345 1 Arthrospira platensis petH (Jepang)

Figure 5. Phylogenetic analysis with 1000 bootstrap
AW (Arthrospira cultured in waste water media) and AF (Arthrospira cultured in fertilizer media)

Genetic distance was used to see kinship relationships from Arthrospira both AF and AW samples with
sequential data from Genbank. AF isolate indicated a genetic distance of 0.068 with AW isolates. AW and AF
isolates showed the lowest genetic distance respectively 0.089 and 0.060 with Arthrospira platensis petH from
Japan. Analysis based on genetic distance showed that both isolates were belong to the same species namely
Spirulina platensis, however the genetic distance was 0.068 (6.8%) meaning that there are intraspecies variations
in the sample caused by mutations.

Phylogenetic tree Arthrospira isolates from technical fertilizer and waste media were presented in Figure
5. The phylogenetic tree is a two-dimensional graph showing relationships between organisms or population
classifications based on their evolutionary history. The result of phylogenetic tree construction showed that both
samples formed branches with a cluster. Phylogenetic tree from AF and AW isolate sequences formed cluster was
separate with several other Arthrospira species from GenBank data.

The AF isolates had a close relationship with Arthrospira platensis petH species from Japan with a
bootstrap value of 95%. Hadiati (2003) states that bootstrap analysis is performed to determine the level of
confidence in grouping. Bootstrap value is considered high because according to Hall (2001), a clade can be
trusted with a bootsratp value of 90%. In addition, Hillis and Bull (1993) state that bootstrap analysis with values
of 70% or higher indicate a reliable grouping. The AW isolates formed a separate brach of AF isolates and



Arthrospira platensis petH species. Genetically, they had diverse, and adapted to environmental conditions. The
AW isolate indicated different strain from AF isolate groups. Ballot et al. (2004) stated that Spirulina from the
same species and cultured under different conditions can form a separate subcluster with a bootstrap value of 79%.
Zhao et al. (2006) identified and analyzed the number of restriction-modification genes in the cyanobacterial
genome, seeing that more restriction-modification genes were found in cyanobacterial filaments (4nabaena,
Spirulina and Nostoc) than dispenses (Synechocystis, Synechococcus and Prochlorococcus) this was due to the
organism adapting to various environmental conditions, or the many variations in sources of nutrients that cause
mutations.

Density and Growth Rate of Arthrospira cultured in wastewater of catfish farming

The biomass of Arthrospira displayed mechanism of adaptation in culture media. The wastewater media
could make different charateristic of growth as like as filament. The maximum densities of Arthrospira cultured
in wasted water were achieved on a different day. The daily density of Arthrospira during culture can be seen in
Figure 6.  Biomass density (g.L")
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Figure 6. Cell density (dry weight with a moisture content of 1.2%) of Arthrospira in catfish rearing pond waste
water

The graph presented in Figure 6, it show that in the culture period from day 1 to day 2, Arthrospira in
each treatment experienced slow growth, because the cells were still adapting to their new environment. The
exponential phase for the treatment of P2S2, P2S3, and P3S3 last from day 1 to day 8 of the culture period. In the
treatment of P2S1, P2S4, P3S1 and P3S2 take place from 2™ until 8* day of the culture period. While the treatment
of P1S1, P1S2, P1S3, P1S4, and P3S4 lasted from 3™ — 8 day of the culture period. The decreasing Arthrospira
density for the treatment occurred from the day 9 to the day 11 of the culture. Lesmana et al. (2019) explained
that the adaptation phase lasts from day 0 to day 1, while the exponential phase occurs from day 1 to day 7, and
experiences a stationary phase from day 7 to day 9 then enters the death phase after the 7" day and 9" day. The
decrease of density could because of reducing the nutrients in the culture media. Soni et al. (2019), the
concentration of nutrients in the media decreased after reaching the peak period. This is due to the higher density
of Arthrospira in the culture media.

The maximum density of Arthrospira could be achieved on different day, between 5 — 8 days after
culturing. The mean of maximum density could be 0.433-0.867 g L' of dry biomass which cultured in catfish
rearing waste water. The maximum cellular density of 4. platensis which cultured in nile fish rearing waste water,
resulted in the production of 0.22 g L' of dry biomass and maximum productivity of 0.03 g L' day"' (Nogueira
et al, 2018). The catfish rearing pond waste water has high potential as cultivation media for Arthrospira
production.

The analysis of variance showed that differences in pH, salinity and interaction between factors (pH and
salinity) significantly affect the maximum density and growth rate of Arthrospira platensis. The results of the
LSD ¢.0s maximum density test and growth rate sequentially were presented in Table 1 and Table 2. LSD g s test
results on the main factors of differences in pH, density and growth rate of Arthrospira platensis in the P2
treatment (pH 8.5 = 0.2) were significantly higher than those in the P1 (pH 6.5 + 0.2) and P3 treatments (pH 10.5
+0.2). According to Ismaiel (2016), the highest biomass of Arthrospira platensis is produced in media with a pH
of 8.5-9.5. Although Arthrospira platensis can tolerate a wide pH range, a pH range farther from its optimal pH
can reduce its growth rate. A low growth rate will also cause low biomass production.

Furthermore, the different salinity treatment factors showed that the maximum density and growth rate
in treatment S3 (salinity of 20 %o) were significantly higher compared to S1 (salinity of 0 %o), S2 (salinity of 10
%0) and S4 (salinity of 30 %o) treatments. The S1 and S4 treatments were not significantly different and were the
treatments that produced the lowest density compared to other treatments. Table 1 and Table 2 showed that the



highest density and daily growth rate was found in the S3 (salinity of 20 %o) treatment. This is supported by the
results of Kouhgardi et al. (2015), that Arthrospira platensis cultured on Conway media was able to produce the
highest density of 912.07 mL"! cells at a salinity of 20 %o. While the density and growth rate between S1 and S4
treatments showed no significant difference. This is because the salinity of 0-30 %o is still within the range of
salinity that can be tolerated by Arthrospira. Ughy et al. (2015) said that Arthrospira platensis is one of the species
of Cyanobacteria that can grow in an euryhaline environment.

Table 1 Maximum density of Arthrospira platensis (g L")

Single Infl f Salinity (S .
Single Influence of ne e(lilSlge;,locsiOO.l%;r)uty ® Main mﬂElPe)nce ofpH
pH (P) (LSD ,05=0.053)
S1(0 %o) S2 (10 %o) S3 (20 %o) S4 (30 %o)
P1 (pH 6.5) 04332 0.633° 0.767 cdef 0.467* 0.575%
P2 (pH 8.5) 0.767 cdef 0.833 ¢f 0.867f 0.800 def 0.817°¢
P3 (pH 10.5) 0.667 b° (0.733 bede 0.767 cdef 0.700 bed 0.717°
Main influence of
Salinity (S) 0.6222 0.733 " 0.800 ¢ 0.656 °

(LSD (,05=0.062)

Table 2 The growth rate of Arthrospira platensis cultured in pH and salinity treatment(% day™')

Single Influence of Single (Iilnge;l (;e=0§.82314i1r)1ity ®) Main inﬂag:)n ce of pH
pH (P) : (LSD (05=1.612)
S1(0 %o) S2 (10 %0)  S3 (20 %o) S4 (30 %o) ’
P1 (pH 6.5) 14.3332 18.659 < 19.192 cde 13.348 2 16.383 *
P2 (pH 8.5) 18.343bd 20.570 ¢ 22.026 ¢ 20.723 ¢ 20.416°
P3 (pH 10.5) 20.023 ¢ 19.527¢de 20.623 ¢ 16.417 ab¢ 19.147°

Main influence of
Salinity (S) 17.566 2 19.585° 20.614° 16.829 2
(LSD (),05:1 861)

The interaction between pH and salinity factors showed that the density and growth rate in treatment
P2S3 (pH 8.5 £ 0.2 and salinity of 20 %o) were significantly higher compared to other treatments. At maximum
density, treatment P2S3 was not significantly different from treatments such as P1S3, P2S1, P2S2, P2S4, and
P3S3. While in the growth rate, treatment P2S3 was not significantly different from P1S3, P2S2, P2S4, P3S2 and
treatments P3S3. Table 1 and Table 2 show that treatment P2 (pH 8.5 + 0.2) is more dominant causing higher
density and growth rate of Arthrospira platensis despite being in different salinity ranges. As for the treatments
P1 (pH 6.5 +0.2) and P3 (pH 10.5 £ 0.2) provide the highest density when combined by the treatment S3 (salinity
20 ppt). The treatment of P1, P2, and P3 (pH 6.5+£0.2,8.5+ 0.2, and 10, 5+ 0.2) and S1, S2, S3 and S4 treatments
(salinity of 0 %o, 10 %o, 20 %o, and 30 %) still support the growth of Arthrospira platensis with the best treatment
found in the combined treatment P2S3 (pH 8.5 + 0.2 with salinity of 20 %o ).

Mismatch of pH will cause lysis and can change the shape of pigment growth (Hariyati, 2008). The
process of photosynthesis affects the pH value. In daylight, aquatic plants release carbon dioxide from water for
use in photosynthesis. The release of carbon dioxide by plants occurs through respiration. When carbon dioxide
is released, carbonate builds up and hydrolyzed so that the pH of the water will increase (Boyd, 1990). Prasadi
(2018) showed that growth of Arthrospira could be inhibited if it was in the pH range above 10.5 or less than 7.
Salinity is one of the factors that can influence osmotic pressure for Arthrospira as like as others of microalgae.
Pisal and Lele (2005) microalgae can experience cell shrinkage in conditions outside the cell salinity higher than
inside the cell (hypertonic), and vice versa under conditions of low salinity outside the cell (hypotonic) cell
swelling will occur due to water molecules outside moves into the cell. This condition affects the process of
photosynthesis, and makes microalgae to produce secondary metabolites in the form of B-carotene to sustain life
against changes in salinity in culture media. While in isotonic conditions, cell fluid is isotonic to its external media
which causes low active ion transport and osmoefector exchange, making the Na-K-ATPase enzyme activity at a
maximum level and more energy will be utilized for growth (Rahmawati et al., 2012 ). The optimal combination
of pH and salinity causes the growth of Arthrospira to be maximal. The optimal salinity range for Arthrospira is
between 15-20 %o, from the related research showed that the results of Arthrospira culture with 20 %o of media
salinity, pH 7.5-8.5 using fertilizer media (0.010 g L' TSP, 0.030 g L"! Urea, and 0.030 g L' ZA) and a culture
periode of 9 days produced a dry weight of Arthrospira of 0.0375 g L™ (Prasadi, 2018).



Rendement of phycocyanin

The rendement of Arthrospira was presented in Table 3. The pH condition of maintenance media can be
affect of protein content in Arthrospira cells. The results of LSD ¢0s on the main factor of pH showed that the
rendement of phycocyanin Arthrospira in treatment P2 was significantly higher compared to other treatments.
Taufiqurrahmi et al. (2017), the amount of Arthrospira biomass influences the high content of phycocyanin.
Tablel showed that the highest of Arthrospira biomass was found in treatment P2. It showed that the highest
Arthrospira biomass produced the highest rendement of phycocyanin (Table 3). The culture medium of
Arthrospira pH of 8.5 produced the highest C-phycocyanin content (Ismaiel et al., 2016). Rahmawati et al. (2017)
said that the higher of C-phycocyanin followed the higher of rendement of phycocyanin.

LSD g5 showed that the main factor of salinity showed the rendement of phycocyanin in treatment S3
(salinity of 20 %o) was significantly higher than other treatments. It is thought that the difference in salinity
treatment has an impact on the external osmotic pressure of Arthrospira cells which results in changes in cell
composition especially phycocyanin. Sodium will flow into the cell and cause the release of phycobilin
(phycoeritrin, phycocyanin and allophycocyanin) from PS II (Photosystem II) and stop the electrons transporting
to PS I (Photosystem I) followed by activation of the protective mechanism. Arthrospira will produce
carbohydrates to balance intracellular osmotic pressure and require more energy to remove sodium ions from
cells. In this case it will produce ammonium assimilation causes inhibition of protein synthesis (Zhou et al., 2017).

Table 3 Phycocyanin (%) vield in Arthrospira dry biomass at 8 days after inoculation

. Single Influence of Salinity (S) Main influence of pH
Single Influence of _
H (P) (LSD 0,05 = 0.194) (P)
P S1 S2 S3 S4 (LSD 0,05=0.096)
P1 7.881° 8.783 ¢ 9.441 ¢ 8.387°" 8.623
P2 9.657°¢ 10.906 " 11.3471 10.423 ¢ 10.583 ¢
P3 8.970 ¢ 9.408 ¢ 10.134 f 9.262 4 9.444°

Main influence of
Salinity (S) 8.836°? 9.699 °© 10.307 ¢ 9.357"
(LSD 0,05=0.1 1 1)

The environment includes the availability of nutrients, pH, salinity, light and temperature can affect the
growth and accumulation of biopigments from microalgae (Sharma and Tiwari, 2014). The condition of culture
media is able to influence the growth phase of Arthrospira, causing changes in the composition and proportion of
phycobilin (phycoeritrin, phycocyanin and allophycocyanin) (Simeunovic et al., 2013). The results of the LSD
005 was showed that the rendement of phycocyanin Arthrospira on the interaction between factors in treatment
P2S3 was significantly higher than in other treatments, but it was not significantly different from treatment P2S2.
This showed from the density and growth rate of Arthrospira. The increasing salinity will cause maintenance
media to be hypertonic towards cells and result in poor absorption of nutrients by cells. These cells could reduce
in protein and increase in carbohydrates from Arthrospira cells (Ravelonandro et al.,2011).

Production of phycocyanin was able to reach 12.4 % - 17.6% of biomass dry weight of Arthrospira
cultured in Zarrouk Medium (ZM) (Prates et al., 2018; Garcia-Lopez et al., 2020). There are several factors that
affect the rendement of phycocyanin include temperature, extraction time, mixing rate, biomass, type of solvent
and the ratio of biomass to the solvent (Taufiqurrahmi et al., 2016). The content of phycocyanin in cyanobacteria
increases when grown in low light intensity. Phycocyanin is a pigment associated with protein, polar and water
soluble. The protein content of microalgae are influenced by environmental conditions such as temperature, age
of culture, light intensity, pH, salinity, and nutrient limits (especially nitrogen). Nitrogen is an essential element
needed for the synthesis of accessory pigments and chlorophyll. When microalgae are growing fast, it requires
large amounts of nitrogen and could consume phycocyanin as an alternative source of nitrogen for the production
of biomass (Hsieh-Lo et al., 2019). It must be optimized for biomass production and phycocianin content. The
higher concentration of phycocyanin will be followed by the rendement of phycocyanin. In this study, the
phycocyanin content is lower than previous study, because of different media for culturing Arthrospira. The
nutrient from ZM (pro analysis substances) is more complete for growing and forming phycocyanin than waste
water catfish pond media, especially the trace mineral in ZM.

Reduction of Total Nitrogen and Phosphate Content

The percentage reduction of total nitrogen in the culture media was presented in Table 4.



Table 4 Reduction of total nitrogen content in Arthrospira culture medium (%)

Single Influence of Single Influence of Salinity (S) Main influence of
pH (P) (LSD ¢,0s = 1.290) pH (P)
S1 32 93 S4 (LSD 0,05=0.645)
P1 80.990? 82.250 @ 83.767 cde 81.897 82.2262
P2 83.880 ¢ 84.377 <f 85.420 f 84.857 84.633 ¢
P3 82.94(0bcd 81.143 84.950 °f 84.813 ¢f 83.462°

Main influence of
Salinity (S) 82.590? 83.856° 84.712°¢ 82.603 2
(LSD ¢,05=0.745)

The mechanism for removing nitrogen in water is determined by several factors, including bacterial
activity (Gersberg et al., 1986), uptake by plants (Breen, 1990) and evaporation (Sanchez-Monedero et al., 2001).
In Cyanobacteria, nitrogen is a macronutrient that plays an important role in the formation of biochemical
compounds such as nucleic acids (DNA, RNA), amino acids (protein) and pigments (chlorophyll and
phycocyanin) (Markou et al., 2014). The results of the LSD s on the main pH factor showed that the reduction
in total nitrogen content in Arthrospira culture media in treatment P2 was significantly higher than in treatments
P1 and P3. This is due to the higher density of Arthrospira in treatment P2 compared to other treatments, so that
the utilization of nitrogen by Arthrospira in culture media is greater than others. Markou et al. (2014) showed that
the higher density of Arthrospira could be higher the absorption of nutrients including nitrogen.

The value of reducing total nitrogen content in S3 treatment was significantly higher than for other
treatments. This showed that treatment S3 caused Arthrospira to absorb nitrogen higher than other treatments in
line with the high density and rendement of phycocyanin Arthrospira obtained in this study. Jabeen and Ahmad
(2011) showed that salinity in culture media influences nitrogen absorption and protein biosynthesis. Reduction
of total nitrogen content in Arthrospira culture media due to interactions between pH and salinity factors showed
that treatment P2S3 was significantly higher than other treatments. With the optimal conditions (pH and salinity),
Arthrospira is able to make maximum use of nitrogen. This can be seen from the highest density, growth rate and
rendement of phycocyanin found in treatment P2S3. The amount of nitrate and phosphate decreases with
increasing growth of Chlorella vulgaris and Arthrospira platensis (Sayadi et al., 2016). This is because algae have
the ability to absorb nutrients such as nitrogen and phosphate are use to carry out photosynthesis and protein
production. Reduction of phosphorus content in waters is influenced by the process of absorption, complexation,
deposition and assimilation (between microbes and plant biomass) (Tanner et al., 1999).

Table 5 Reduction of phosphate content in Arthrospira culture medium (%)

Single Influence of Single Influence of Salinity (S) Main influence of pH
H (P P
PH®) S1 S2 S3 S4 ®
P1 70.500 71.667 73.000 72.333 71.875
P2 74.667 74.000 74.667 72.667 74.000
P3 70.333 70.333 73.667 72.667 71.750

Main influence of

Salinity (S) 71.833 72.000 73.778 72.556

The results of LSD g5 on the main factor of pH showed that each treatment did not significantly affect
the reduction of phosphate content in Arthrospira culture medium. Plants can only absorb phosphorus in the form
of H,PO4 and HPO4? free orthophosphate ions (Becquer et al., 2014). The orthophosphate content decreases with
increasing media pH. Cerozi and Fitzsimmons (2016) showed the orthophosphate content increases in the pH
range from 5.5 to 8.5 and decreases when pH 10. The fall in the orthophosphate content at pH 10 is due to an
increase in calcium phosphate formation. The value of reducing the phosphate content in Arthrospira culture
medium was presented in Table 5.



The salinity factor, administration of different salinity in each treatment has no significant effect on
reducing the phosphate content. Bassin et al. (2011) explained the reduction of phosphorus will be inhibited when
a combination of CI" and nitrite and Cl-concentration more than 2.5 g L', The interaction effect of differences in
pH and salinity, each treatment had no significant effect on reducing phosphate content. Hua-Sheng et al. (1995)
showed that the utilization of Dissolved Organic Phosphorus (DOP) can be through active uptake into cells or by
extracellular mineralization by phosphatase enzymes. However, most DOP compounds cannot be assimilated
directly with microalgae because they have been mineralized. Markou et al. (2014) stated that phosphorus is a
macronutrient that plays an important role in the preparation of nucleic acids (RNA and DNA), phospholipids and
energy-carrying molecules (ATP). The phosphorus content in plants is lower than Ca, N, and K (Sasaqi et al.,
2018). Although the analysis of variance shows that the results are not significantly different, but the highest
phosphate reduction still existed in treatment P2S3.

Morphology of Arthrospira in various pH and salinity media

Morphology of Arthrospira was affected by increasing or decreasing physical or chemical factors in their
culture media. Salinity and acidity value combination at this study didn’t change the filament of Arthrospira
significantly as their filament of Arthrospira under microscope with 100x magnification (Figure 7). The
morphological form of Arthrospira were not different in all of pH and salinity treatments. The waste water catfish
pond media could affected in the linierizing filament. This study indicated that salinity and acidity of culture
media didn’t effect on various form filament, either straight and helical.

The straight filaments were observed for Arthrospira strains during two years of cultivation, and their
presence in Arthrospira sp. Nigrita C1 cultures was constant. The various morphological plasticity, greatly
influenced by the growth stage and exogenous parameters, such as temperature and light intensity, was observed
for Arthrospira strains (Papapanagiotou and Gkelis, 2019). There are indications that adaptability to change in
environmental conditions is relatively rapid and also subsequent changes at the genetic level can be realized
quickly. This means that we can easily find different genotypes in various stable, ecologically different habitats.
Morphologically similar strains were cultured for a long time under uniform and stable conditions (Komarek,
2016). But the morphological changes couldnot be effected by acidity and salinity of culture media.
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Figure 7. Morphology of Arthrospira in catfish wastewater culture media at several treatment of pH and
salinity

Conclusions

Arthrospira that is cultured on waste media (observed in liquid culture) indicated some short and linear
filaments. Identified Arthrospira had a genetic distance of 6.8% between AF and AW isolates. AF isolates had a
close relationship with Arthrospira platensis petH species originating from Japan (bootstrap value of 95%) while
AW isolates form phylogenetic branches which are separated from AF isolates and Arthrospira platensis petH
species originating from Japan (bootstrap value 85%). The catfish culture wastewater media at different pH and
salinity affects the density, growth rate and rendement of phycocyanin Arthrospira platensis. The highest density,
growth rate and rendement of phycocyanin was in P2S3 treatment (pH 8.5 £ 0.2 and salinity of 20 %o) which
produced a maximum density of 0.867 g L', growth rate of 22.026% day™! and the rendement of phycocyanin of
11.334 %.
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enltured in waste water of Clarias carfleh forming media: DN barcode, helical fw, growth, and plyeocyvanin. Biodiversitas 21 oo,
Arilrespira prodaction technology in cotfish waste medin can be an aliernative to redoce environmental pollution. However, some
envirommenti] factors such s nutrition, hght and water content can influcnce choractierization ol Arthraspivg at the genctic and
physiologic level. Arthraspira plaiensis is one of the phycocyanin-producing cyenolactenia and can be culiured using caifish culiure
wastewater. Wuter quality cspecially pH and salinity can effect of growth rate and rendement of pliveocyanin from  Arthrosping
Plertensts. This study aimed 10 identify the species and morphological forms of Arthrespiva cultured using technical fertilizer and waste
misdin, as well as to know the phylogenctic trees. between specees in this study and the GeneBank based on the 165 rRNA gene, and
determine the optimum of pH and salinity required in the medium of catfish culture wastewater 10 phyeocyanin maximum prodoction of
Arifraspira, The optimation of pH and salimty method used Compleiely Randomized Design (CRIN foctonal with 2 factors consisting
of the first factor with 3 treatmiends and the second factor with 4 trentmendts and 3 replications. The first factor was pH of culture mediom
i pH 6.5 £ 0.2, pH 8.5 + 0.3 and pH 1003 £ 0.2 The sccond factor wis salinity of culfure mediem, that were salinity  ppt{Pans pes
thousand M), 10 ppt, 20 ppt and 30 ppt. Parameters observed in Arthrospirg inclode density, growth mie, rendement of phycocyanin,
and decreased of total nitnogen and phosphate content i culture media. The results showed that morphology Arthrospira cubured on
technical ferilieer media (AF) had a loager and helix filament compared 1o Arfhresgping cultured on waste media (AW ) which showed
several linear and shorter filaments. Both samples have a genctic distance of 0068 (6.58%). Phylogenetic trees indicated that AF had a
close relationship with Arthrospirg platensis petH from Japan (bootstrap valse 95%6) While AW formed a seporte sub cluster of AF
isolmtes and Arthrozpire plotonsis petH from Japan (bootstrap value of 85% ). The best treatment in this study was P253 (pH 85 = 0.2
with salinkty 20 ppt}, which produced (L8677 grams maximum density, growih rate of 22,026 ‘!wiuy" nndd 11347 mg_g" rendement of
phycocyonin.

Keywords: carfish culture wastewater, DNA barcode, pH, phycocvanin, phvlogenetic analysis. salinity, SpimfinafArchrogpia), 165
rRNA

INTRODUCTION

Arthraspira is o genus of cyancbactenal microulgae,
commonly known under the taxonomically incorrect brand
name *Spiruling’ {Papspanagiotou & Ghelis, 2019), The
cvanohacterial genus Arthrospiva Stizenberger ex Gomont
1892 contams ot present 23 species, along with 12
mfraspecific taxa (Guiry & Guiry, 2000).  They hove
variety charncteristic of moleculsr, morphology, and
physiology that based on polyphasic approach.  Various
genotypes are adapable to various specialized ecosystems,
The combination of different methods should be based on
muolecular sequencing as the basic approach, to which must
be added other entenia {morphological. ecological) if they
are available and which are distinct and recognizable in
cyanohacterial populations {Komarek, 2006). A polvphasic
approach 1o include all the criterin obiained  from
morphological,  biochenmcal,  molecular  studies.  and

phylogenstic (o understand cyanobactenial classification as
like as Arthrospive classification (Komdarek. 2018).

Recent studies have shown that Arthrospira can be used
for treating wastewater, including effluent from fish
culture, because the biomass can metabolize the nutrients
and remove the pollutant from  aqusculiure  efuent
efficiently (Zhang et al. 2009). Industrial and processing
wiastes  and  by-products  for  culring  Spiraling
(Arthrospira) are also being considered 85 oltermative
culture media, as ke as aguaculture waste water (Rogarn
et al. 2020, Wijayant et al. 201 8, Widyantoro et al., 2018}
Aquaculmre  could applv  an  integested  stritegy  of
simultaneously  treating  aquaculure  effluent  while
producing the biomass to supplement fish diets.  The
nuinent cur:qmsiliun in their hiomass depends on thewr
environmental factor for growing biomass, Their character
could be different with the various media for growth,
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Basically, Arthrosping's morphology s charmctenized by
frichomes  that circular regularly  (helical). However,
abnormal morphology can also occur in Arthrogpira as a
circular shape that is iregular even linear. In some
cultivation conditions, lingar filaments can spontaneously
return to the helix. However, there are  significant
differences i morphology, ulirastruciere,  physiology,
biochemistry, and genetic characteristics between the
original filament and the linear filomen but oot the
difference between the original and the retumed flament.
Linearization in Arthrospira is a varistion on the genetic
level that can be caused by severnl environmental factors
such as nutrition, light ond content of water medin for
grovwth (Wang and Zhao 2005). According to Liu @ al.,
{2016), DNA borcoding has developed as o reliable
technology for identifying species based on variations in
thi sequence of standard DNA regions, This method s
used successfully in a variety of biological applications
including finding crypiic species. detecting  invasive
species. and identifving plants. DNA barcoding is o simple
shorl  genome  sequence.  amplified via PCR using
appropriate primers {Adamowice, 2005). DNA barcoding
using the 168 rBNA pene haz been widely used 1o
determing  bactenal DNA  charactenzation.  Therefore,
identification of Arthrospire using the 165 RNA pene
needs o be done 1o get the charactenzation of Arthrospira
that 15 cultured on technical fertilizer and waste media and
determine the phylogenetic tree structure that has been
recarded m GeneBank.

Culture of Arthrospira (Spirifing) in Clarigs pond
farming wasted water could have specific characterization
for optimual pH value and salinity. Their adaptation to grow
in organic waste water makes change n bioactive and
important compound production.  Their biomnss hos o
nutritional value of 55-70% protemm, 6-10% lpd, 20%
carbohydrate, besides being nich in minerats, vitnmins, and
pigmenis (Borowitzka ot al, 2006; Vemnes ot al., 2015}
Some color pigments that can be produced such as
phyvcocyanin (blue pigment). allophycocyanin (blue-green)
and phycoerythnin (red pigment) (Sharma and Tiwan,
2001; Vernes et al, 2015). Phycocyanin is pigment in
Arthrogpira which has  functions as an  antioxidam
{Pirenantyo and Limantarn, 2008), a source of food
eoloring. cosmetics, pharmaceuticals and drugs (Tang et
al,, 2020; Tiwan & Tiwari, 20200, anti-inflammatery, anti-
oxidative and anticancer (Liu et al., 2003), One of the
factors thot infleence phycocyvanin levels is biomass
{ Taufiqurrahmi et al,, 2007y The pH and salinity of culture
media can affect the biomass of Arthrospirg (Ciferr, 1983,
Marek et al., 1987; Planes et al, 2002). Ismaiel et al
{2006) showed that the diversity of the chemical
composition of biomass is influenced by the pH of the
growth media, Value of pH and environmental factors,
especially salinity, influence the productivity of cell
biomass, pholosynihesis, shape, and flow of cellular
metabolic  activity  that  affect  the dvnamics of cell
composition (Hu, 2004), The optimal pH value for growih
of Arihrospiva sp is 7-10.5 (Harivats, 2008), and salinity
from 15-30 %a (Thajuddin and Subramanian, 2005). The
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silimity and pH value of Arthrogpive culture media have
been known to affect the morphology of the filament.

The aims of this study 15 characterizing morphological
fiorms and DNA barcode based on the 165 rRMNA gene of
Arthrospirg (Spiruling) cultured in fertilizer and waste
water effluent of Clarfas pond farming  media, and
determining optimal pH value and salinity of culture media
fior growth and phveocyanin production, especially in
Clarigs  pond  farming  waste  water media  and
morphological changes of their filament.

MATERIALS AND METHODS

Arthraspiva cultured in agar media

Bacto agar was weighed as much as 2 g dissolved in
100 ml of water. The water used was swamp water and
entfish culture waste that has been filtered and sterilized
using an autocluve, Sterilized swamp water was then added
with 0,02 gram MgSOy ferfiluzer: CaCl: 00,004 gram: EDTA
0008 pram; urea 0.03 gram; ZA (Sulphate of Ammoniz)
0,132 grams; 0.4 gram baking soda; AB solution 1 ml mix
A solotion (Calcium Nitrate 64.26%, Potassium Nitrate
33.66%, Fe EDTA 208%) 2 grams / 10 ml and B
solution{ Potassium dihydrophosphate 25,83%, Ammonium
sulfate 941%, Potassium sulfate  2,78%, Mognesium
sulfate 60,91%, Cupric sulfite 0,03%, Zinc sulfate 0,12%,
Boric acid 0,31%, Manganese sulfite 0,62%, Ammonium
heptamolybdate 0.01%) 2 prams/I0 ml water and TSP
(Tnple Super Phosphate) 005 prams were then
homogensous using magnetic stirmers, Next, wasted water
was sterilized by an autoclave then cooled. Bactoagur was
added 1o the technical Tertilizer and waste solution to be
homogenized using o magnete stirrer and then boaled using
a hot plate watil all the ingredients dissolve and then
autoclave ngain. The agar media was made with a pll of 7
and a salinity of 10 ppt or 10 g L (Hidayvam et al, 2019).

Arthrospiva cultivated m hguid medis was taken 100 jul
ustng micropipette and spread (o the surfiuce of a petn dish
containing bactoagar media by using a sterilized spresder
rod. Petri dishes were wrapped m wrapping plastic and then
given a lamp Lghting {light intensity 2000-4000 Jux) with a
dark: light mtic = 0:24 hours. Arthrospim was observed
every day until it grows blue green. Affer growing,
Artlrosgpira was re-cultured in apar medin by the 4
quadrant scratch method. The cultures were used as isolate
sumples for determining DNA barcodes, The biomass of
Arthrospira was  isolated from commercial Spirulina
TopSpira East Jakarta, Indones.

The commercial Arthrospirn was cultured in techmcal
fertihzer media directly, and we vused the media based on
our previous study about fertilizer media in [nbormtory scale
(Laborstorium  of Aquacolture, Faculty of Agncuolture,
Sriwijaye University). The result showed that this fertilizer
media can substitute Zorrook Mediom (£M) for growing
Spiruling biomass in cheaper medium than Z3 (Wijayanti
etal, 201K}
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DNA extraction

DNA  extroction was  carmed ool according 1o
procedures in which there was a Presto TM Mini gDNA
Baclena Kit (Genemid Biotech Lid). DNA  extraction
consisied of several stages: sample preparation, lysis,
purification, and precipitation or washing, The sample used
was 0,15 grams of wel weight for one extraction (Geneaid
mtnual }.

DNA amplification

The process of DNA amplification using the PCR
(Polymerase Chain Renction) method was performed using
2 pl forward primers 63f (§-CAGGCC TAA CAC ATG
CAA GTC-3 *) and reverse primer 1387 (5-GGG OGG
WGT GTA CAA GGC-3 ') (Marchesi et al., 1998). The
total composition of the PCR maxture was 50 pl which
consisted of 25 pl Go Tag Green, 13 pl NFW (Muclease
Free Water) and 8 pl Arthrospira DNA extraction template.
DNA amplification was carried owt in stages: the initiation
eyvele ot 95°C for § minutes, followed by 30 denaturation
cyeles ot 94 °C for 30 seconds. annealing ot 55 “C for 30
seconds, then the extension stage at 72 “C for | minute, and
the final stage 72 °C for 7 minutes (Lee et al,, 2003),

Electrophoresis
Electrophoresis was carried out using 1% agarose gel af
75 WV for 35 mimwtes. Agoarose that  have been

electrophoretic was immersed with o muxture of [0 pl
dinmond dye solution and 100 ml TAE Ix buffer solution
for 30 minutes without exposure to light, The resulls were
visualized through gel documentation by observing DNA
migration using a transiluminstor LTV,

Giene Sequencing

Arthrospirn DNA  samples that were svccess{ully
amplified using PCR were then sequenced i the frmgments
of 168 rRNA gene. The amphified products were sequenced
throwgh the services of the Macrogen Institute in Jakarts.
The DNA sequences obtained in the form of fastn format
were aligned vsing MEGA 6.0 software and then uploaded
through the Basic Local Alignment Search Tool (BLAST)
program. BLAST was a program to search for and analyre
the homology of an  organism's  sequence, on  the
nehi.nlm.nib gov website so that its homology can be
identified with other genus Arthrospira 165 rRNA gene
sequences registered in the GenBank dotabase. The genetic
distonce and  phylogenctic trees between  genera were
constructed using the Neighbor Joining (MJ) method. The
phylogenetic tree was constructed through the Mega 6.0
sofiware application using the Neighbor-Joining (NJ)
method of the Maximum Composite Likelthood model and
Substitutions to include d: Transilions + Transversions with
1000x boostrap. Meanwhile Arthrospira morphologicals
form analvsis were presented in the form of images and
discussed descriptively by refernng o the appropriste
litermture,
Optimization of pH and sallnity for growing Arthrospira
in Catfish farming wasted water

The experimental design for optimizing pH and salinity
media for growing Arthrospira in Caifish farming wasted

Characterization af Arthrospim platensis cuftured in waste water of Clarias coffish ferming medio 3

water was & Factopial Completely Randomized Design
{CRDY consisting of the frst factor wath 3 treatments and
the second factor with 4 treatments and 3 replications. The
first factor was the difference of pH in culture media,
including P1: culture media pH 6.5 + 0.2, P2: culture medin
pH 8.5 = 0.2 and P3; culture media pH 10.5 = 0.2, The
second factor was the difference of salinity in culiure
media Le. S1: salinity of 0 %, S52: salinity of 10 %, 53:
salinity of 20 %, and 54: salinity of 30 %,

Culture preparation

The equipment used in this study was stenlized using
70% aleohol to minimize the contamingnts that inhibit the
productivity of Aethrospiva. The contminers used plastic
bottles with copacity of 5 L volume of 36 umits, The plastic
bottle were stenlized using a potassium  permanganite
solution {2 mg. L'y, Cathish culture wastewater obtained
from catfish farming ponds measuring 2 mx | m x 1 m,
and high of water medin was 200 cm (Figure 1), The density
used in the pond was 330 fish 400 L' with 150 grams fish
!, maintained for 2 months by providing artificial feed
(protein: 31%-33%), twice per doy at satintion.  Catfish
culture wastewater was previously sterilized by boiling in
an autoclave and then cooled, while the steril wastewster
was treated with salinity. In treatments 81, 82, 83 and 54
wiere added with salt until salimity was obtaned according
to the treatment, The wastewater media had a pH of 7.3,
therefore there was an addition of HCI 1 N of 0.75 ml L in
Pl treptment o0 reach a pH of 6.5, Meanwhile,. in
ireatmenis P2 and P3, 1o gei o pH of 8.5 and pH 10.5 there
was un addition of NaOH 8 N as much as 0,07 ml L and
045ml L

i —_

Fipure 1. Arthrospiva cultivation
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Arthrospira cultivation.

Arthrospira previously used was cultured in catfish
culture wastewater for culture stock with a density of 2 g L-
I, The stock was taken as much as 400 ml in 3600 ml of
cathish cullure wastewater i accordance with treatment.
Aeration was used for agitation, the lighting using 36 watt
TL lamps for 24 hours day ' during maintenance {Figure 2).
Harvest of biomass. The components of wastewater were
total phosphorus 2.6 mg.L", total nitrogen 1.9 mg L, (otal
organic carbon 11,4 mg.L'"

Harvest of the biomass was afier exponential phase by
filtering. The biomass was dried using an oven for 14 hours
at 40 "C (Hidayani et al..2019). The dry biomass was used
for the phvcocyvanin extmction process,

Phveocvanin extraction

The dry biomass was 0.04 g added by 1 ml of
phosphate buffer pH 7, then homogenized and frozen in the
freezer for 24 hours at a tempemtore of -4 °C, After 24
hours from the freczer, thawing process for 15 minutes.
Samples were centnifuged for 30 munutes at 3000 rpm.
After that, the sediment and the supematant were separated.
The resulting supermatant was phycocyvanin which be
analyzed using the Bennett and Bogorad method (1973).

The density of Arthrospiva biomass,

Biomass density measurements were performed at cach
treatment and 3 replications every dav at the same hour,
The density of biomass was | ml of sample in each
treatment with 3 replications. The 1 ml of sample into
aluminum bowl. The sample and the aluminum bowl were
weighed, then dred in the oven for 14 hours at 40 °C, The
sample of water that had dried was weighed again. The dry
biomass weight of Arehrospira biemass was converted to g
LA,

The growth rate of Arthrospivg can be caleulated using
the following formula sccording to Vonshak (1997

w= ot s Mo x 100%
i

Mote: = daily growth rmte (% days')
1= time {daysh from Mo o Ny
N = initial density (g L")
Mi= density o the time 1 (g L)

Measurement of total nitrogen and phosphate content in
culture media was carried out ot the l:nl.-g,inni.ng and the [irst
day after the peak phase of each trestment..

The measurement of phoocyanin refers (o Bennett and
Bogorad (1973), The absorbed supernatant was measured
using o spectrophotometer al wavelengths of 615 nm ond
632 nm.

(O 61 5) 04T 10D 632)
5u

_C-plvecyain s vV
DB

C-phycocyanin (mgml '} =

Rendement of phveocyanin img g ') =

I55N: 1412-033X
E-1SSM: 20R5-4722
[ 101 305 T bindiv/d2 1 1 2xx

Rendement pereentage of phycocymnin (%) = Hendement of
phycocyanin (mg g ') & 1000

Mote ©
mlL-")y
V = Solvent Volume [mi}

[ = Dry Biomass {04 g)

0,474 and 334 = coefficient of extinction {Bennett und Bogorsd.
1973)

C-phycocyanin = C-phycocyanin  consentration (mg.

The results were submitted to simple analyvsis of
variance fests (ANOVA) (p <0.05) and in the case of
sipnificant differences, the means were compared by the
Least Sigmificant Differences test (p=<0.05).

RESULTS AND DMSCUSSION

Morphology of Arthrespira
Arthrogpira was cultivated using two different fertilizer

media namely technical fertilizer and waste media. The
morphology of commercial drthrospira before fertilizer
treatment was presented in Figure 4.

The resulis of the wentification of isolates showed that
the solate had a twisted flament shape resembling a spiral
(helical), Based on Davis's identification book (1955), it 15
known that the isolate used in the study was Spinuling
{Arthrospira) platensis.  Arthrospira is evanobacteria
belonging to the order Oscillatoriales which has o filament
{trchome) that resembles o spiml (helical) but does not
have heterocyst cells (Sze, 1998}, Heterocyst cells are
special thick-walled cells that play a role in nitrogen
fixation from the air (Issa et al, 2004). In this study
Arthrospire  cultured in different media  had  several
linear/straight morphologies,

Based on Figure 2, drthrospina which was culiured on
technical fertilizer media has a longer and spimling
morphological form compared to another cultured on waste
media, Their filaments have more lincar morphological
form, some spirals but not oo long. According o Astiani @
gl (2016, Arthroxpirg growth is influenced by nutritional
and  environmental f(actors. Wang and ZFhao (2005)
explained that hincanzation that ccours in Arthrospiva is a
variation on the genetic level that can be coused by
environmental factors such os lack of nutrition mnd high
light intensity. In this stedy, solates were cultured with the
same light intensity of 2000-3000 lux with a light dark ratio
of 0:24 hours. Linear filaments in AW have a lower
mictabolic rate compared to helical filaments. This is one of
the aduptive mechanisms for Arthrospira 1o survive some
environmental conditions that are not approprate.

Yadav et al (20200 showed that helical and linier
morphotypes  of  Arhrospira sp.  display  genomic
differences. Vonshak (2000) showed that polyphasic in
Arthrospira morphotypes  can caused by:  growing in
agar'solid media, hght stress-photoinhibiton, irmdiation,
and temperature, effect of physical and chemical
conditions. Arthrospira s prokaryolic organism, so il is
eazy 1o mutation and change sequences in their genome.
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& = helical form AF
b= helical form AW
¢ = straight form AW

MNote:

Figure 4. Morphological identification results of Arthrospirg isolme (CA =Commercial Arthrospivg ; AP commercial Arthrospirg
cultured with technical fertilizer medin; AW= commercial Arthrmspirg cultured with waste media) 40x magnification,

Tabel. 1. The results of the BLASTn analvsis of Artirogpiva samples calfivated in technical fertilizer and waste medium with data in

Genbank
Description Identity (%) Aceess code Sample origin
{rthrnspina (Tertilizer medin) (AF)
Arthrospira platensis petH 100 AR113346 Japan
Spirulima platensis CCC 478 Q4R IX014313.1 India
Spiruting platensis cyad 944 D531 lapan
Arthrospira plufonsis POC 7345 RN s FNE31264.1 UsA
Arthraspira meaximg EEW2 T4 HOO08225 Australia
Arthrospira (waste media) (AW)
Arthroxpire platensis petH 94.3 05311 lapan
Arthrospira platensis DKCAS2 814 MGO 12588 | Indin
Spirntima platensis CCC 478 Th4 JX014313.1 [ndin
Arthrospira marim str, Lefevie 1963/M-132-1 T3 FITos612 Vieneruella
Arthrospirg mevime EEW2 2 HQOOR22S Australin
Phylogenetic Tree Genetic distance was used 1o see kinship relotionships

The results of the 165 rRNA encoding gene sequences
from AF and AW isolates were traced to other drthrospira
isolates present in GenBank through the BLAST program.
The results of the BLASTn analvsis of Arthraspira spmples
cultivated in technical fertilizer and waste media with data
in Gienbank are presented in Table 1. Table | results of the
BLAST analvsis show the closeness between AF and AW
isolates with other isolates in GenBank., It show that
Arifraspira technical ferbilizer isolates and Arthrospira
waste isolates have the closest homology o Arthrospira
platensis petH species from Japun with percentage values
respectively 100% and 94.3%.

from Arthraspiva both AF and AW samples with sequential
datn from Genbank. AF solute indicated a genetie distance
of 0.068 with AW isolotes. AW and AF isolates showed the
lowest genetic distance respectively 0,089 and 0,060 with
Arthrospiva platensis petH from Japan. Analysis based on
genetic distance showed that both isolates were belong to
the same species namely Spiruling platensis, however the
genetic distance was 0068 (6.8%) meaning that there ore
intraspecies vanations in the sample caused by mutations,
Phylogenetic tree Arthrospira isolates from techmcal
fertilizer and waste media were presented in Figure 5. The
phylogenctic tree is a two-dimensional graph showing
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relationships ~ between  organisms  or  populstion
elassifications based on their evolutionary history. The
result of phylogenetic tree construction showed that both
samples formed branches with a eluster. Phylogenetic tree
from AF and AW isolate sequences formed cluster was
separate with several other Arthrospira species from
GenBank data.

The AF isolates had a close relationship with
Arthraspiva platensiz petH species from Japan with o
bootstap value of 95%. Hadwti (2003) states that
bootstrap analysis is performed to determine the level of
confidence in grouping. Bootstrap value is considered high
because according to Hall (2001), a clade can be trusted
with & bootsratp value of H%, In sddition, Hillis and Bull
(1993 ) state that bootstrap analysis with values of 70% or
higher indicate a reliable grouping. The AW isolates
formed o separate brach of AF isolates and Arthrospira
platensiz petH species. Genetically, they had diverse, and
adapted to environmental conditions, The AW isolate
indicated different swrain from AF isolate groups. Ballot et
al. (2004) stated that Spéraling from the same species and

cultured under different conditions can form o sepaate
subcluster with o bootstrap value of 79%.  Zhao et al,
(2006) identified and analyzed the number of restriction-
modification genes in the cyanobacterial genome, seeing
that maore resiriction-modification penes were found in
cyanobacterial filaments { Anabaena, Spiruling and Nostac)
than dispenses  (Svmechocvstis,  Symechocococns  and
Prochlorococcus) this was due o the organism adapting to
various environmental conditions, or the many variations in
sources of nutrients that cause mutations.

Density and Growth Rate of Arthrospira cultured In
wastewaler of catfish farming

The biomass of Arthrospira displayed mechanism of
adaptation in culture media.  The wastewater media could
make different charatenistic of growth as like as filament.
The maximum densities of Arthrospira cultured in wasted
water were achieved on a different day. The daily density
of Arthrospiva during culture can be seen in Figure 6.

g1 JNEI 1264 1 Adhiospeia platends PCC TS (USA)
6 | IMG912588 1 Atvospes platenss DWCASS findia)
B |l F o613 1 Anbrospirs maxima str Lefawe 1567 (Venszusilaj

B! 110008225 1 Adhvospies maxima EEWZ (Australia)

— | 5014312.1 Spinsins sistensis CCC 478 gy
49631 1 Spiring platensis cyaG (Japan)
190429033 191 AW
E 190429 ADY AF
% L AB11IHE 1 Adivospra platensis petH (Jepang)
as

Figure & Phylogenctic analysis with 1000 bootstrap AW ( Adrihrospirg cultured in waste water media) and AF { drthvsspira cultured in

fertilizer media)

Bessuam depasty (g1

(] —a=P181
[} -a=P132
> ——PIS3
LR N
0.6 —F13  PI: culture media pH 6.5 0.2,
e P2: culture media pH 8.5 0.2
L P81 k1 p
odl P3: culture media pH 10,5 + (L2,
o4 4 —e—P252 S1: snlinity of 0 %,
——prgy §2: salinity of §0 %,
0y 1 S3: sulinity o 20 %,
0.2 — P84 S4: salinity of 30 %
i I o _P.‘ﬁj
ﬂ u - - : T " --' F.]'E:
P 1 2 3 4 T & T &£ 8 woN Pi53
Time of cubivanen (days) P8}

Figare 6. Cell density {dry weight with o moisture content of 1.2%) of Arthrespirg in catfish reaning pond waste water
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The graph presemted in Figure 6, it show that in the
culture peried from day 1 to day 2, Arthrospira in each
treatment experienced slow growth, because the cells were
still adapting to their new environment. The exponential
phase for the treatment of P252, P283, and P353 last from
day 1 to day 8 of the culture period. In the treatment of
P251. P254, P351 and P352 take place from 2™ until 8%
day of the culture period. While the treatment of P15,
P1S2, P153, P1S4, and P3S4 lasted from 3™ — 8% day of
the culture period. The decreasing Arthrospira densitv for
the treatment occurred from the day 9 to the day 11 of the
culture. Lesmana et al. (2019) explained that the adaptation
phase lasts from day 0 to day 1, while the exponential
phase occurs from day 1 to day 7, and experiences a
stationary phase from day 7 to day 9 then enters the death
phase after the 7" day and 9* day. The decrease of density
could because of reducing the nutrients in the culture
media. Soni et al. (2019), the concentration of nutrients in
the media decreased after reaching the peak period. This is
due to the higher density of Arthrospira in the culture
media.

The maximum density of Arthrospira could be
achieved on different day, between 5 — B days after
culturing. The mean of maximum density could be 0.433-
0.867 g L' of dry biomass which cultured in catfish rearing
waste water. The maximum cellular densitv of 4. platensis
which cultured in nile fish rearing waste water, resulted in
the production of 0.22 g L' of dry biomass and maximum
productivity of 0.03 g L day”! (Nogueira et al, 2018). The
catfish rearing pond waste water has high potential as
cultivation media for Arthrospira production.

The analysis of variance showed that differences in pH,
salimity and interaction between factors (pH and salinity)

Table 1. Maximum density of Arthrospira platensis (g L)
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significantly affect the maximum density and growth rate
of Arthrospira platensis, The results of the LSD g
maximum density test and growth rate sequentially were
presentad in Table 1 and Table 2. LSD oos test results on
the main factors of differences in pH, density and growth
rate of Arthrospira platensis in the P2 treatment (pH 8.5 =
0.2) were significantly higher than those in the P1 (pH 6.5
+ 02) and P3 treatments (pH 10.5 = 0.2). According to
Ismaiel (2016), the highest biomass of Arthrospira
platensis is produced in media with a pH of 8.3-9.5.
Although Arthrospira platensis can tolerate a wide pH
range, a pH range farther from its optimal pH can reduce its
growth rate. A low growth rate will also cause low biomass
production.

Furthermore, the different salinity treatment factors
showed that the maximum density and growth rate in
treatment S3 (salinity of 20 %) were significantly higher
compared to S1 (salimity of 0 %e), 82 (salinity of 10 %) and
54 (salinity of 30 %) treatments. The S1 and 54 treatments
were not significantly different and were the treatments that
produced the lowest density compared to other treatments.
Table 1 and Table 2 showed that the highest density and
daily growth rate was found in the 53 (salinity of 20 %)
treatment. This i1s supported by the results of Kouhgard: et
al. (2015), that drthrospire platensis cultured on Conway
media was able to produce the highest density of 912.07
mL" cells at a salinity of 20 %e. While the density and
growth rate between S1 and S4 treatments showed no
significant difference. This is because the salinity of 0-30
%o is still within the range of salinity that can be tolerated
by Arthrospira. Ughy et al. (2015) said that drthrospira
platensis is one of the species of Cyanchacteria that can
grow i an euryhaline environment.

Single InfTuence of Salinity (5) o
Single Influence of pH (P) (LSD 055 =0.107) et
S1(0 %) 82 (10 %) 53 (20 %) 54 (30 %) ;
Pl (pH 6.5) 0.433* 0.633 " 0.767 == 0.467* 05752
P2 (pH 8.5) 0,767 clef 0.833 0.867 0.800 0.817¢
P3 (pH 10.5) 0.667 b 00,733 bode 0.767 =& 0.700 b 07k
Main influence of Salimity " ah - 5
(S) (LSD 050,062 0.622 0.733 01.800 0.656
Table 2. The growth rate of Arthrospirg platensis cultured in pH and salinity treatment{% day™)
Single Influence of Salinity (S) S
Single Influence of pH (P) (LSD a5 = 3.224) "I’“ﬁ‘]']‘"-‘“'}; “ﬁfll;? (P)
“ST0 %a) ST (10 %a) 53 (20 %) ST 30 %) e
PI (pH 6.5) 14333 TR.659 = 19,192 =& 13348 ° 16,383 ¢
P2 (pH 8.5) 18,343 20570 * 22.026°¢ 20,723 % 20.416°
P3 (pH 10.5) 20023 1952704 20,623 16.417 == 19.147
Main influczice of Salinity |5 5544 19.585° 20614b 16820°

(S) (LSD nps=1.861)

MNote:

“/oa mean part per thousand (ppt), it is not percent (%), Salinity of fresh water (0 ppt), brackish water (5-20 ppt) and sea water (more
than 25 ppt). The salinity used in this study still supports the growth of Arthrospira (Vonshak, 1997).
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The interaction between pH and salimity factors showed
that the density and growth rate in treatment P253 (pH 8.5
+ 02 and salinity of 20 %) were significantly higher
compared 1o other treatments. Al maximum  densily,
treatment P253 was not significantly different from
treatments such as P183, P281, P282, P2584, and P3S3.
While in the growth rate, trestment P253 was not
significantly different from P183, P282, P254, P352 and
treatments P353. Table | and Table 2 show that treatment
P2 ipH 8.5 £+ 0.2) is more dominant eausing higher density
and growth rate of Arthrospiva platensis despite being in
different salinity ranges. As for the treatments P1 (pH 6.5 +
0.2) and P3 (pH 10.5 = 0.2) provide the highest density
when combined by the treatment 83 (salinity 20 ppt). The
reatment of P1, P2, and P3 (pH 6.5 + 0.2, 8.5 + 0.2, and
[0, 54 0.2) and 51, 82, 53 and 54 treatments (salinity of 0
Yoo, 10 %o, 20 %o, and 30 %) still support the growth of
Arthraspira platensis with the best treatment found in the
combined treatment P283 {pH 8.5 £ 0.2 with salinity of 20
%o );

Mismatch of pH will cause lysis and can change the
shape of pigment growth (Harivati, 2008). The process of
photosynthesis affects the pH value. In daylight. aquatic
plants relepse corbon dioxide from water for use in
photosynthesis. The release of corbon dioxide by plants
occurs  through  respiration. When  carbon  dioxide 18
released, carbonate builds up and hydrolyzed so that the pH
of the water will increase (Boyd, 1990). Prasadi (2018)
showed that growth of Arthrospira could be inhibited if i
was 1 the pH range sbove 10.5 or less than 7. Sahnity is
one of the factors that ¢an influence osmotic pressure for
Avthrospira ns like as others of microalgae. Pizal and Lele
(2005) microalgae can experience cell shrinknge in
conditions outside the coll salinity higher than inside the
cell (hypertonic), and vice versa under conditions of [ow
salinity outside the cell (hypotonic) cell swelling will occur
due to woter molecules outside moves mto the cell. This
condition affects the process of photosynthesis, and makes
microalgae to produce secondary metabolites m the form of
[lcarotene to sostain life against changes in salinity in
culture media. While in isotonic conditions, cell fluid is
isolonic to its external media which causes low active ion
transport and osmoefector exchange, making the Ma-K-
ATPase enzyme activity at a maximum level and more
energy will be utilized for growth (Rahmawati eg al., 2012
). The optimal combination of pH and salinity causes the
growth of Arthrospira 10 be maximal. The optimal salimity
range for Arthrospirg 1s between 15-20 %e, from the related
research showed that the results of Arthrogpira culiure with
20 % of media salinity, pH 7.5-8.5 using fertilizer media
{0.010 g L' TSP, 0.030 g L' Urea, and 0,030 g L' ZA)
and a culture periode of 9 days produced a dry weight of
Arthrospirg of 00375 g L' (Prasadi, 2018).

Rendement of phyeocyanin

The rendement of Arthrospira was presenled in Table 3,
The pH condition of maintenance media can be affect of
protein content in Arthrospira cells. The results of LSDY g
on the main factor of pH showed that the rendement of
phyeocyanin Arthrospira in treatimient P2 was significantly
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higher compared to other treatments. Taufigurrahimi et al.
(2017), the amount of Arthrospira biomass influences the
high content of phycocyamin, Tablel showed that the
highest of Arthrospira biomass was found in treatment P2,
It showed that the highest Arthrogpire biomass produced
the highest rendement of phycocyanin (Table 1). The
culture medium of drthrospira pH of 8.5 produced the
highest C-phycocyamin content (Ismaiel ¢t al, 2016).
Rahmawati el al. (2007} sad that the higher of C-
phyveocyanin  followed the higher of rendement of
phycocyanin,

L3I g0 showed that the main factor of salinity showed
the rendement of phycocyanin in trestment 53 {salinity of
20 %) was significantly higher than other treatments. It is
thought that the difference in salinity treatment has an
impact on the external osmotic pressure of Arthrospira
cells which results in changes m cell composition
especially phycocyanin, Sodium will low into the cell and
cause the release of phycobilin | phycoeritrin, phycocyanin
and allophycoeyanin) from PS 11 {Photosystem [1) and stop
the electrons transporting to PS 1 (Photosystem 1) followed
by activation of the protective mechanism, Arthrosping will
produce carbohydrates to balance intracellular osmotic
pressure and require more energy 1o remove sodium ions
from cells. In this case it will produce ammonium
assimilation causes inhibition of protein synthesis {Zhou et
al., 2017).

The environment includes the availability of nutrients,
pH, salinity, light and temperature can aflfeet the growth
and accumulation of hiopigments from microalgae {Sharma
and Tiwari, 2014). The condition of culture media is able to
influence the growth phase of Arthrospirg, causing changes
in the composition and proportion  of  phycobilin
iphyeoerinin,  phycocyanin and  allophycocyaning
(Simeunovic et al., 2003} The results of the LSD ys was
showed that the rendement of phycocyanin Arthrospira on
the imteraction between fsclors in treatment P253 was
significantly higher than m other treatments, but it was not
sigmificantly different from treatment P252. This showed
from the density and growth rte of Arhrospiva, The
increasing 2alinity will couse maintenance media to be
hypertonic towards cells and result in poor absorption of
nutrients by cells. These cells could reduce in protemn and
increase  in  carbohydrates  from  Arhrospiva cells
(Ravelonandro et ol 201 1)

Production of phycocyanin was able to reach 12.4 % -
17.6% of biomass dry weight of Arthrospira cultured
Zarrouk Medium (£M) (Prates et al., 2018; Garcia-Lopez
el al., 2020), There are several factors that affect the
rendement of phycocyanin inelude temperature, extraction
time, mixing rate. biomass, type of solvent and the ratio of
biomass to the solvent (Taufiqurrahmi et al., 2006). The
content of phycocyanin in cyanobacteria increases when
grown in low light intensity. Phycocyanin is a pigmen
sssociated with protein, polar and water soluble.  The
protein content  of microalgae  are  influenced by
environmental conditions such as temperature, age of
cultre, light mtensity, pll, salinity, and nutrient limits
{especially mitrogen). Nitrogen is an csseatial element
needed for the svnthesis of accessory pigments and
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chlorophyll. When microalgae are growing fast, it requires
large amounts of nitrogen and could consume phycocyanin
as an alternative source of nitrogen for the production of
biomass (Hsieh-Lo et al.. 2019). Tt must be optimized for
biomass production and phycocianin content. The higher
concentration of phycocvanin will be followed by the
rendement of phycocyvanin, In this study, the phycocyanin
content is lower than previous study, because of different
media for culturing Arthrospira. The nutrient from ZM

(pro analysis substances) is more complete for growing and
forming phycocyanin than waste water catfish pond media,
especially the trace mineral in ZM.

Reduction of Total Nitrogen and Phosphate Content
The percentage reduction of total nitrogen in the culture
media was presented in Table 4.

Table 3. Phycocvanin (%) vield in Arthrospira dry biomass at 8 days after inoculation

Single Influence of Salinity (S)

Single Influence of pH (P) (LSD uss = 0.194) M’“;L“;ﬂn“'f“[ ‘TQ;E[ (P)
81 52 83 84 )
Pl 7.8811 3.783¢ 04414 83370 B623°
P2 0.657¢ 10,906 11347 i_ 10423 % 10583 ¢
P3 B.OT0* 9.408 ¢ [0.134" 9.262 ¢ 9.444 %
Main influence of Salinity —d S
(S) (LSD ass=0.111) B.B36* 9.690 ¢ 10307 9357
Table 4. Reduction of total nitrogen content in Arthrospira culture medium (%)
Single Influence of Salinity (S) Main influence of pH
Single Influence of pH (P) (LSD oss = 1.290) (P)
51 52 83 54 (LSD wos=1.645)
Pl 80.990 2 R2250 % §3.767 = §1.897 = 52226"
P2 53,880 % 4377 £5.420° B4.857 ¢ B4.633 ¢
P3 82 9ybed 8l.1437 £4.050 = R4.813 83.462 "
Mainmliooooo ol Sabely. s R3BS6° 4712 82,603 ®

(S) (LSD nps=0.745)

The mechanism for removing nitrogen in water is
determined by several factors. including bacterial activity
(Gersberg et al,, 1986), uptake by plants {Breen, 1990) and
evaporation (Sanchez-Monedero et al, 2001} In
Cyanobacteria, nitrogen is a macronutrient that plavs an
important role in the formation of biochemical compounds
such as nucleic acids (DNA, RNA), amino acids (protein)
and pigments (chlorophvll and phvcocyanin) (Markou et
al., 2014). The results of the LSD 445 on the main pH factor
showed that the reduction in total nitrogen comtent in
Artiwospira culture media in treatment P2 was significantly
higher than in treatments Pl and P3. This is due to the
higher density of drthrespira in treatment P2 compared to
other treatments, so that the wutilization of nitrogen by
Artiwospira in culture media is greater than others. Markou
et al. (2014) showed that the higher density of Arthrospira
could be higher the absorption of mutrients including
nitrogen.

The wvalue of reducing total nitrogen content in S3
treatment was significantly higher than for other
treatments. This showed that treatment 53 caused
Arthrospira to absorb nitrogen higher than other treatments
in line with the high density and rendement of phycocyanin
Artiwospira obtained in this study. Jabeen and Ahmad
(2011) showed that salinity in culture media influences
nitrogen absorption and protein biosynthesis. Reduction of
total nitrogen content in Arthrospira culture media due to
interactions between pH and salinity factors showed that
treatment P253 was significantly higher than other
treatments. With the optimal conditions (pH and salinity),

Arthrospira is able to make maximum use of nitrogen. This
can be seen from the highest density, growth rate and
rendement of phycocyanin found in treatment P283. The
amount of nitrate and phosphate decreases with increasing
growth of Chlorella vulgaris and Arthrospiva platensis
{Sayadi et al.. 2016). This is because algae have the ability
to absorb nutrients such as nitrogen and phosphate are use
to carry out photosvnthesis and protein  production.
Reduction of phosphorus content in waters is influenced by
the process of absorption, complexation, deposition and
assimilation (between microbes and plant biomass) { Tanner
etal, 1999).

The results of LSD g5 on the main factor of pH showed
that each treatment did not significantly affect the reduction
of phosphate content in Arthrospira culture medium. Plants
can only absorb phosphorus in the form of H:PQOy and
HPO.? free orthophosphate ions (Becquer et al., 2014).
The orthophosphate content decreases with increasing
media pH. Cerozi and Fitzsimmons (2016) showed the
orthophosphate content increases in the pH range from 5.5
to 85 and decreases when pH 10. The fall in the
orthophosphate content at pH 10 is due to an increase in
calcium phosphate formation. The value of reducing the
phosphate content in Arthrospira culture medium was
presented in Table 5.

The salinity factor, administration of different salinity
in each treatment has no significant effect on reducing the
phosphate content. Bassin et al. {2011) explained the
reduction of phosphomus will be inhibited when a
combination of Cl" and nitrite and Clconcentration more
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than 2.5 g L. The interaction effect of differences in pH
and salinity, esch treatment had no significant effect on
reducing phosphate content. Hus-Sheng et al. (1995)
showed that the utilization of Dissolved Organic
Phosphorus (DOP) can be through active uptake into cells
or by extracellular mineralization by phosphatase enzymes

However, most DOP compounds cannot be assimilatod
directly with microalgae because they have been
mineralized. Markou er al, (2014} stated that phosphorus is
a macronutrient that plays an important role in the
preparation  of nocleic  acids (RNA  and  DNA),
phospholipids and energy-carrving molecules (ATP) The
phosphorus content in plants 15 lower than Ca, N, and K
{Sasaqi et al, 2008} Although the analysis of variance
shows thut the resulis are not significantly different, but the
highest phosphate reduction still existed in treatment P253.

Morphology of Arthrospira in various pH and salinity
miedia

Morphology of Arthrospira was affected by increasing
or decreasing physical or chemical factors in their culture
media, Salinity and acidity value combination at this study
didn't change the filament of Arthraspiva significantly as
their filament of Artirespira onder microscope with 100x
magnification (Figure 7). The morphological form of
Arthrospira were nol different i all of pH and salinity
treatments,  The waste water catfish pond media could
affected in the linierizing filament. This study indicated
that salinity and acidity of culture media didn't effect on
varous form filament. either straight and helical.

Table 5. Reduction of phosphate content in Arifrospirn culture medinm (%)

WMH‘HH‘ prl'l l:rl T Slnjéttllﬂltmt ﬂfﬁlsll]lit\' i5) S‘ Main influence ﬂrPH m
Pl T0.E00 TLOGT 733“] 72333 T1.BT75
P2 Tdo67 T4.000 Td.06T TL.66T 740Ky
: P3 T0333 T0.333 Ti.667 72667 T1.750
s (S) of alinity TILEA3 T2.000 T3.778 12,556

P3s1

P3s2

Pisi

Figure 7, Morphology of Arthrospivg in catlish wastewater cullure media ot several treatment of pH snd salinity
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The straight filamenis were observed for Arthrospira
strains during two vears of cultivation, and their presence
in Arthrospiva sp. Nigrta C1 cultures was constant, The
various morphological plasticity, greatly influenced by the
growth stage and exogenous parameters. such as
temperature and light intensity, was observed for
Arthrospira strains (Papopanagioton and Gkelis, 2019),
There are indications thal adaptability to change in
environmental conditions is relatively rapid and also
subsequent changes at the genetic level can be realized
quickly, This mesns that we can ecasily find differemt
genotypes in various stable, ecologically different habitats.
Momphologically similar strains were cultured for 4 long
time under uniform and stable conditions (Komarek, 2016).
But the morphological changes couldnot be effected by

acidity and salinity of culture media,

Conclusions

Arthrospira that is cultured on waste media {observed in
liguid culture) indicated some short and hinear filaments.
ldentified Arthrospira had a penetic distance of 6.8%
between AF and AW isolates. AF isolates had o close
relationship with Artheaspire  platensis  petH  species
onginating from Japan {bootstrap value of 95%) while AW
isolates form phylogenetic branches which are separated
from AF msolotes and drthrospive platensis petH species
origimating from Japan (boolstrap value 85%), The catfish
culture wastewater media at different pH and salinity
affects the density, growth rate and rendement of
phyeocyamin Arthrospiva platensis. The highest density,
growth rate and rendement of phycocyanin was in P253
treatment (pH 8.5 = 0.2 and salinity of 20 %) which
produced a maximum density of 0.867 g L, growth rate of
22026% doy' and the rendement of phycocvanin of
11.334 %,
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Table 1. The author's answers to the reviewers' questions

No Reviewer’s Questions Author’s Answer
1 There is no control+/- to compare the We didn’t give control+/- to compare
results of growth, phycocyanin and identity | the result of growth, phycocyanin and
blasts. The authors need to bring the results | identity blast in our study, because we
of CA (commercial Arthorospira) and AF to | didn’t have the commercial
see the differences between the treatments Arthrospira cultivation. We grew the
with Control. The comparison only in commercial Arthrospira (in
morphology has been brought. They should | commercial name ‘Spirulina’) in
bring this comparison in the other factors fertilizer media. The picture of CA
they worked like growth, phycocyanin, N morphology was taken at the first time
and P reduction etc. commercial isolates arrived. The
picture of AF morphology was taken
after cultivation of the CA isolates in
fertilizer media, and the AW
morphology picture was taken after
cultivation of AF isolates in waste
water media. To compare the result of
growth, phycocyanin, identity blast, N
and P reduction, we used data from
references. Thank you.
2 | Still it's not clear how the pH and salinity We tried to cultivate the biomass of

along with some other factors in the waste
water can change genome of an organism
during a week.

Arthrospira in fertilizer media for scaling
up, and the biomass of Arthrospira from
fertilizer media was continued to
cultivating in waste water media. The
cultivation of Arthrospira needed several
week for scaling up. We used fertilizer
medium for cultivation for 2 weeks,
isolated for purification in agar media for
3 weeks, and transferring in liquid media
(fertilizer media) and growing them in 50
ml volume Erlenmeyer for 8 days, and
then they had been scaling up to 1 liter.
The stabile cultivation of Arthrospira
(fertilizer media) was transferred in waste
media cultivation. Production time of
Arthrospira in same scale of cultivation
was 8 days. The Arthrospira cultured in
waste medium was isolated to agar media
enriched with waste water from catfish
pond.

We didn’t know that the waste water can
change genome of Arthrospira. We
extracted the DNA of AF and AW from
agar media. The DNA genomes were
amplified by the 16STRNA primer
(Marchesi, 2003). The amplicons were
sequenced for analyzing their genetic drift




for different cultivation media. The
different of morphotypes between AF and
AW can be caused polyphasic based on
physiology of adaptation to heterotrophic
media (waste media) only or changing
their genomes. The data showed that it
was genetic drift because of their different
sequences after aligned with data from
gene bank.

Yadav et al (2020) showed that helical and
linier morphotypes of Arthrospira sp.
display genomic differences. Vonshak
(2000) showed that polyphasic in
Arthrospira morphotypes can caused by:
growing in agar/solid media, light stress-
photoinhibiton, irradiation, and
temperature, effect of physical and
chemical conditions. Once a strain has
converted to the straight form, either
naturally or due to physical or chemical
treatments, it does not usually revert to the
helical form. This may be due to a
mutation affecting some trichomes under
certain growth conditions. The common
occurrence of straight trichomes in
cultures of Arthrospira also suggests that
the helical character may be carried on
plasmids, but no one has yet demonstrated
the existence of plasmids in Arthrospira or
Spirulina strains. Arthrospira is
prokaryotic organism, so it is easy to
mutation and change sequences in their
genome.

1. | What the source of Arthrospira? It was from commercial Spirulina
“TopSpiraSpirulina” East Jakarta
2 | Why not use a specific Zarrouk medium? Because the commercial Spirulina was

cultured in technical fertilizer media
directly, and we used the media based
on our previous study about technical
media in laboratory scale. The result
showed that this technical media can
substituted Zarrouk Medium for
growing Spirulina biomass in more

cheap medium than ZM.
3 | InTable 1 and 2: °/oo mean part per thousand, it is not
Salinity 10,20 and 30% means 100,200 and | percent (%), so.. they are still range of
30 grams per liter is very high and this salinity between fresh water (0 ppt),
under stress which means the reduction of | brackish water (5-20 ppt) and sea
growth rate. water (more than 25 ppt). The salinity

used in this study still supports the




growth of Arthrospira. They can grow
between 0-60 ppt (Vonshak, 2000)

How is this given growth rate?

The reason is the same of no 3. Thank
you

What are the components of wastewater?

Total phosphorus 2,6 mg.L!, total
nitrogen 1,9 mg.L"!, total organic
carbon 11,4 mg.L! : the source of N,
P, C for growing

Figures 4 is not clear, should be redrawn for
high quality.

We are very sorry, because we don’t
have the high quality picture

Attention to references

We had corrected the references.
Thank you.

There are some notes in the text.

We had corrected based on some notes
in the text. Thank you
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Absiract, Wijavant M, Svafinfin M, Yelioman, Nurfantt ¥, Hidovani A, Gofar N 20, Characterizition of Arthrospirn. platensis
cultired in wastewater of Clarias caffish firming medio: DNA barcode, helical form, growth, and phycocvenin, Biediversitas 21 5872-
FREI, Arthrospiva production technology in ealfish wiste media can be an allemative 1o reduce environmental pollution. However, some
environmental factors such a8 nuirtion, light. and water content can influence characteriation of Artfrospive of the penetic and
physiodogic level, drhragpirg platensis is one of the phycocyanin-producing cyansbacierda and can be cultured using cotfish culture
wastewnler. Witer quality especially pH and salinity can effect of growth mie and residue of phycocyanin from Artfiresgig plafonss.
This study aimed to identify the species and morphological forms of Arthrospirg cultured vsing technical fertilizer and waste media, os
wiell as to know the phlogenetic trees between specics in this study and the GeneBank based on the 165 tBNA gene, amd determane the
vptimum of pH and =alinity required in the medium of cotfish culture wastewater to phyeocyunin maximum production of Arthrosmin
The optimation of pH and sabinity method used Completely Rendomized Design (CRD) foctorial with 2 factors consisting of the first
factor with 3 treatments and the second factor with 4 treatments and 3 replications, The first factor was pH of culiure medium ic. pH 6.3
+0.2, pH 8.5 = 0.2 and pH 10.5 £ 0.2, The second factor was safinity of culture mediom, that was salinity 0 ppt (parts per thousand ),
10 ppt, 20 ppt, and 30 ppt. Parnmeters observed in Anthrospieg include density, growth rate, rendement of phycocyanin, and decreased
total nitrogen and phosphste content in culture miadia, The results showed (hat morphology Arthrasgden cultured on technical fertilizer
medin { AF) had & longer and helix filament compared to Arthrospire cultured on waste media (AW) which showed several lincar and
shorter filamens. Both samples have a genetic distance of 0,068 (6.8%). Phvlogenctic trees indicated that AF had a close relationship
with Arthraspire platensts petd from Japan (bootstrap value 95%), While AW formed a separate sub-cluster of AF {solates and
Artfwaspira platensis petH from Japan (bootstrap value of 85%). The best treatment in this study was P283 (pH 8.5 £ (.2 with salinity
20 i), which produced 0867 grams maximum density, growth rate of 22,026 %.day! and 11,247 mp.g' rendement of phycocyanin,

Keywonds: 168 rRNA, Anthrospira, catfish culture wastewater, DNA barcode, pH., phycocyanin, phylogenetic analysis, salinity, Spirling

INTRODUCTION Recent studies have shown that Arthrospiva can be used
for treating wastewater, mcluding effluemt from fish

Arthrospira 15 o genus of cyanobacterial microalgae,  culture, because the biomass can metabolize the nuirients

commonly known under the txonomically incorrect brand
name “Spirufing’ (Papapanagiotou and Gkelis 2019). The
cyanobacterial genus Arthrospira Stizenberger ex Gomont
1892 comtains al present 23 species, alomg with 12
mfraspecific taxa (Guiry and Guiry 2000). They have
varety characteristics of molecular, morphology, and
physiology that based on polyphasic approsch. Various
genotypes are adaptable to various specialized ecosystems.
The combination of different methods should be based on
molecular sequencing as the basic approach, to which must
be ndded other criteria (morphological, ecological) if they
are available and which are distinct and recognizable in
cyanobacterial populations. A polyphasic approach 1o
include all the ecriteria obtained from morphological,
biochemical, molecular  studies, and  phylogenctic 1o
understand  cyanobacterial  classification  as  like a8
Arthrospira classification {Komdrek 201 8),

and remove the pollutant from aguoeculture effluent
efficiently (Zhang et al. 2019). Industrial and processing
wastes  and  by-products  for  culturing  Spiruling
{Arthraspira) are also beng considered as alternative
culture media, as like as squaculture wastewater (Wijayanti
el al. 2018; Widvantoro et al, 201%; Ragaza et al, 2020),
Aquaculture could apply an  integrated strategy of
simultaneously  treafing  squaculivre  effluemt  while
producing the biomass to supplement fish diets. The
nuirieni compesition in their biomass depends on their
environmental factor for growing biomass, Their character
conld be different from the vanous media for growth,
Basically, Arthrospira's morphology is characterized by
richomes  that circular regularly  (helical),  However,
abnormal morphology can also aceur in Arthrospira as a
circular shape that is iregular even linear. In some
cultivation conditions, linear filaments can spontancously
return 1o the helix. However, there are significant



differences in morphology, ultrastructure, physiology,
biochemistry, ond genetic charactenistics between  the
original filament and the linear filament but not the
difference between the original and the retumed filament.

WITAY ANTI et ul. - Arthrospir platensis cuftiered e waste waler of Clarins caffish farming modio 5873
Clarias  pond farming waste water media  and
morphological changes of their filament.

MATERIALS AND METHODS

Lineanization in Arthrospira is a vonation on the genetic
level that can be caused by several environmental factors
such as nutrition, light, and content of water media for
growth (Wang and Zhao 2005} According to Liu et al.
(20016), DNA barcoding has developed as o reliable
technology for identifving species based on variations in
the sequence of standard DNA regions. This method is
uwsed successfully in a variety of biological applications
mcluding finding cryptic  species. detecting  invasive
species, and identifving plants. DNA bareoding is a simple
short gemome sequence amplified wvia PCR  using
appropriale primers {Adamowice 2015). DNA barcoding
using the 165 rRNA genc has been widely used to
determine bacterial DNA characterization. Therefore,
identification of Arthrospira using the 168 rRNA gene
neads to be done to get the characterization of Arthraspira
that is cultured on technical fertilizer and waste media and
determine the phylogenetic tree structure that has been
recorded 1n GeneBank.

Culture of Arthrospiva (Spirufing) m Clariay pond
farming wasted water could have specific characterization
for optimal pH value and salinity, Their adaptation 10 grow
in organic wastewater makes change in bicactive and
important compeund  production. Their biomass has a
mutritional value of 55-70% protein, 6-10% lipid 20%
carbohydrate, besides being rich in minerals, vitamins, and
pigments (Borowitzka et al. 2016; Vemes et al. 2015).
Some color pigments that can be prodeced such as
phyveoeyanin (blue pigment), allophycocyanin (blue-green),
and phycoerythrin (red pigment) {Sharma and Tiwari 2011;
Vemnes et al. 2015), Phycocyanin is pigment in Arthrospira
which has functions as an antioxidant (Pirenantyo and
Limantara 2008), a source of food coloring, cosmetics,
pharmaceuticals, and drugs (Tang el al. 2020; Tiwar and
Tiwari 2020), anti-inflammatory, antioxidative and
anticancer (Lin o al 2013). One of the factors that
influence phyeocyanin levels is biomass (Taufiqurrahmi el
al. 2017). The pH and salinity of culture media can affect
the biomass of Arthrospira (Ciferri 1983; Marck @ al.
1987; Planes et al. 2002). [smaiel et al. {20016) showed that
the diversity of the chenical composilion of biomass is
influenced by the pH of the growth media, Valee of pH and
environmental factors, especially salinity, influence the
productivity of cell biomass, photosynthesis, shape, and
flow of cellular metabolic activity that affect the dynamics
of cell composition (Hu 2004). The optimal pH value for
growth of Arthrospira sp is 7-10.5 (Hariyati 2008), and
salinity from 15-30%0 (Thajuddin and Subramanian 2005),
The salinity and pH value of drthrospira culture media
have been known lo affect the morphology of the filament.

The aims of this study are characterizing morphological
forms and DNA barcode based on the 168 rRNA gene of
Arihrospira (Spirafina) cultured in feriilizer and wasie
waler effluent of Clarias pond farming media and
determining optimal pH value and salinity of culture media
for growth and phycocyanin production, especially in

Arthrospire cultured In agar media

Bacto agar was weighed as much as 2 g dissolved in
100 mL of water. The waler used was swamp waler and
catfish culture waste that has been filtered snd sterilized
using an autoclave, Sterilized swamp waler was then added
with 0.02 gram MgS0y fertilizer; CaCly 0.004 gram; EDTA
0,008 gram; urea 0,03 gram; ZA (Sulphate of Ammonia)
0.132 grams; 0.4 gram baking soda; AB solution | mL mix
A solution (Calcium Nitrate 64.26%, Potassiuom Nitrate
33.66%, Fe EDTA 2.08%) 2 grams / 10 mL and B solution
( Potassium dihydro phosphate 25.83%, Ammonium sulfate
9.41%, Potassium sulfate 2.78%, Magnesium  sulfale
60.91%, Cupric sulfate 0.03%, Zinc sulfate 0.12%, Boric
acid 0.31%, Manganese sulfate 0.62%, Ammonmum
heptamolybdate 0.01%) 2 grams/10 mL water and TSP
(Triple Super FPhosphate) 005 grams were then
homogeneous using magnetic stirrers. Next, wasted water
was sterilized by an autoclave then cooled. Bactoagar was
added to the technical fertilizer and waste solution to be
homogenized using a magnetic stirrer and then boiled using
a hot plate until all the ingredients dissolve and then
autoclave again. The agar media was made with a pH of 7
and a salinity of 10 pptor 10 gL' {Hidayani et al. 201%).

Arthrospirg cultivated m liquid media was taken 100
uL using micropipette and spread to the surface of a petri
dish containing bactoagar media by using a sterilized
spreader rod. Petrl dishes were wrapped in wrapping plastic
and then given a lamp lighting (light intensity 2000-4000
lux) with a dark: light ratio = 0: 24 hours. drihraspiva was
observed every day until it grows blue-green. After
growing, Arthrospira was re-cultured in agar media by the
4 quadrant seratch method, The cullures were wsed as
isolate samples for determining DNA barcodes. The
bivmass of Arthrospiva was isolated from commercial
Spirufing TopSpira East Jakarta, Indonesia,

The commercial Arthrospira was cultured in techmical
fertilizer maedia directly, and we used the media based on
our previeus study about fertilizer media on laboratory
scale  (Laboratorium  of  Agquaculwre, Faculty  of
Agnculture, Sriwijaya University). The result showed that
this fertilizer media can substitute Zarrouk Medium (ZM)
for growing Spiruling biomass in cheaper medium than ZM
(Wijayantr et al. 2018).

DNA extraction

DNA  extraction was carried ot according 1o
procedures i which there was a Presto TM Mim gDNA
Bacterin Kit (Cenesid Biotech Lul). DNA extraction
consisted of several slages: sample preparation, lysis,
purification, and precipitation or washing. The sample used
was 0.15 grams of wet weight for one extraction (Geneaid
manual),
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subsequent changes at the genetic level can be realized
quickly. This means that we can easily find different
genolypes in vanous stable, ecologically different habitats,
Morphologically similar strains were cultured for o long
time under uniform and stable conditions (Komarek 2016),
But the morphological changes could not be effected by
acidity and salinity of culture media,

In conclusion, Arthrospira that 15 colured on waste
media (observed n hiquid culture) indicated some short and
linear filaments, Identified Arthrospira had o genetic
distance of 6.8% between AF and AW isolutes. AF isolates
had a close relotionship with Arthrospiva platensis petH
species ariginating from Japan (bootstrap value of 95%)
while AW isolates form phylogenetic branches which are
separated from AF isolates and Artfirospiva plarensis petH
species ongimating from Japan (bootstrap value 85%). The
catfish culture wastewater media at different pH and
salinity affects the density, growth rate, and rendement of
phycocyanin Arthraspiva platensis. The highest density,
growth rate and rendement of phycocyanin were in P253
treatment (pH 8.5 = 0.2 and salinity of 20 %) which
produced a maximum density of 0.867 g L', growth rate of
22.026% day' and the rendement of phycocyanin of
11.334 %o,
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