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aquaculture production. One of the technologies used to increase shrimp
aquaculture production is biofloc technology. The main aim of this study was to
isolate and briefly characterize bioflocculant bacteria from the Vannamei
shrimp pond habitat. Research methods included collecting bacteria, isolating
bioflocculant-producing bacteria, purifying bacteria, testing bacterial
flocculant activity, and identifying bioflocculant bacteria using 16s rDNA. The
results showed that 5 isolates showed the highest bioflocculant activity, namely
20.9-44.40%. The five isolates were identified as Vibrio Navarensis,
Staphylococcus  gallinarum,  Pseudoalteromonas  ganghwensis,  and
Cytobacillus kochii. The highest flocculant activity value was obtained by the
bacteria Pseudoalteromonas ganghwensis, which was 43%, and Cytobacillus
kochii, which was 44.40%. The flocculating activity has the potential as a
flocculating agent.
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1. Introduction

The development of fish farming technology is a research topic that is urgently needed to increase fish
farming production (Langdon, 2003). In 2020, fishery production reached 214 million tons or IDR
424 billion. Aquatic biota production in 2020, 60% higher than the 1990 average, far exceeded world
population growth, largely due to increased aquaculture production. Globally, aquaculture production
provides about 17% of animal protein, reaching more than 50% in some countries in Asia and Africa.
Nearly 7 billion demands for aquatic biota continues to increase. Therefore, the expansion and
intensification of aquaculture production is urgently needed (FAO 2022). First, the aim of expanding
aquaculture production is to produce a wider variety of aquaculture species without significantly
increasing the excessive use of water and land resources (Avnimelech, 1999). The second goal is to
develop sustainable aquaculture systems that do not damage the environment (Naylor et al., 2000).
The third goal is to build a system that provides a socially and economically balanced cost/benefit
balance (Avnimelech, 1999). Biofloc technology can meet all three of these requirements for
sustainable aquaculture development by using bacteria as floc-forming agents. Providing vannamei
shrimp production as a solution to the needs of the most promising aquaculture biota.
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The production of vannamei shrimp is increasing due to technological advances. Currently, many
vannamei shrimp farming systems are being developed with super-intensive systems. Application of
effective technology for water treatment but there are challenges in intensive aquaculture operations.
The high composition of the feed and faeces of shrimp that are not eaten in the culture container will
produce organic matter which can be harmful to the shrimp. Fecal material and leftover feed that
settles on the bottom of the sediment can interfere with the interaction of biota in the pond so that
technology is needed to reduce this organic matter. Flocculation is an alternative method to address
the problem of aquaculture wastewater which is a cheap, easy and effective technique for removing
cell debris, colloids and suspended particles (Zhang et al 2012; Kurniawati et al., 2021). Compared to
other conventional systems, this method is volume-independent for concentrating dead cells. This
works with the help of flocculants which will change the nature of suspended particulate matter and
allow it to form aggregates or small lumps (Newman, 2011). Many microorganisms including algae,
bacteria and fungi isolated from sludge and sewage are reported to excrete extracellular polymeric
substances such as functional proteins, exopolysaccharides, polysaccharides, glycoproteins, proteins,
nucleic acids and cellulose. Therefore, to ensure the long-term sustainability of the vannamei shrimp
cultivation industry, the flocculation method can be used as an alternative in the cultivation system.

Many studies have been conducted on the use of biofloc technology in sustainable cultivation systems
with various types of bacteria. Previous studies have succeeded in isolating bacteria that produce high
extracellular polymers as agents for forming biofloc systems such as functional proteins,
exopolysaccharides, glycoproteins, nucleic acids, and cellulose (Feng and Xu, 2008). These bacteria
were identified as Bacillus licheniformis (Xiong et al., 2010), Peanebacillus sp, Bacillus sp, and
Vagococcus sp. The Vagocoss sp strain was identified as a bacterium that secreted the most
extracellular polymers isolated from wastewater samples collected at Little Moon River Beijing (Gao
et al., 2006). Other bacteria are Bacillus firmus (Salehizadeh and Shojaosadati, 2002), Citrobacter
(Fujita et al., 2018), Enterobacter aerogenes (Lu et al., 2005), Bacillus subtillis, Bacillus
licheniformis, Pacilomyces, Nocardia amarae (Deng et al., 2005), Lactobacillus delbrukii and
Bacillus alvei (Abdel-Aziz et al., 2014). The isolation of bacteria has been studied extensively by
researchers. However, some deficiencies or gaps must be addressed to improve the accuracy of the
results and the bacteria are examined for bacteria that can potentially be used as biofloc candidates. In
Indonesia, it is not clear what types of bacteria are used in biofloc systems for aquaculture. So, it is
necessary to identify the types of bacteria that can be applied to biofloc system fish cultivation.

2. Materials And Methods
Sampling of bioflocculant-producing bacteria

Biofloculant bacterial isolate samples were taken from water and sediments of Pangandaran coastal
shrimp ponds (5 ° 34'18.32'N, 102 ° 48'25.86'E) from January-April 2023. Bacterial isolate samples
were taken using the purposive sampling method. Water and sediment samples were taken from two
different ponds, namely the intensive pond and the traditional pond. Sampling points in intensive
ponds are from the inlet water, outlet water, and sediment at the bottom of the pond, whereas the
traditional pond sampling points are from the inlet water, middle water, outlet water, and sediment at
the bottom of the pond.

Isolation of bioflocculant producing bacteria

The isolation of bacteria from water and sediment samples was conducted following the procedure of
Nurhafid et al., (2021). A total of 0.5 ml of water samples and dissolved sediment samples were put
into a test tube containing 4.5 ml of 0.9% NaCl as a 10 dilution and then homogenized using a
vortex. A sample of 0.5 ml was then homogenized from the 10 dilution into the 10 dilution test
tube. Do this step until the dilution tube is a 10 dilution. Furthermore, the results of the sample
dilution were grown on marine agar media using the pour plate method (Rosiak et al., 2020) and
incubated at 28°C for 48 hours. Bacteria that grow in single colonies were streaked for purification of
selected bacteria based on colony morphology.

Bacterial sample purification
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Bacterial purification was conducted using the streak plate method. Bacterial isolates selected based
on different colony morphology were streaked on marine agar media and incubated for 24 hours at
28°C. The purified bacteria were streaked on marine agar in an inclined tube as stock for the bacterial
flocculation test.

Bacterial flocculation activity test

A bacterial flocculation test was conducted on marine broth media which was added with 5% kaolin
clay and CaCl; (flocculant medium). Bacterial samples were taken using an use needle from the stock
and put into a test tube containing 5 ml of flocculant media. Bacterial samples were incubated on an
incubator shaker at 150 rpm at 28°C for 70 hours. Bacterial flocculation was seen by looking at the
flocs that form at the bottom of the test tube. Then, the results of bacterial incubation were measured
using a spectrophotometer with a wavelength of 550 nm. Bacterial flocculation activity was measured
using the following formula:

Flocculation activity = (B—A) B x 100% (Kurane & Matsuyama, 1994)
Where :

A = Sample absorbance value

B = Control absorbance value

Identification of Bioflocculant Bacteria based on 16s rDNA

Identification of bacteria was conducted based on the similarity of the 16S rDNA sequence with the
data in GenBank. Shortly, bacterial gDNA was extracted using the PrestoTM Mini gDNA Bacteria
Kit according to Geneaid's instructions to obtain pure DNA solutions. After obtaining pure DNA, the
samples were PCR using the primers used in the amplification following the research by Palkova et
al., (2021) 27f (5’- AGA GTT TGA TCC TGG CTC AG -3’) and 1392r (5’- GGT TAC CTT GTT
ACG ACT T -3°) with an amplification result of 1500bp. The PCR program used for amplification
was predenaturation at 94°C for 2 minutes, followed by 35 cycles of denaturation at 94°C for 20
seconds, annealing at 55°C for 30 seconds, extension at 72°C for 20 seconds followed by final
extension at 72°C for 5 minutes and storage at 25°C for 1 minute. Visualization of the PCR results
using gel electrophoresis with an amplification product length of 1500bp. Then, the PCR results were
sequenced and read for the 16s rDNA nucleotide bases. The complete sequence results were analyzed
using the Basic Local Alignment Search Tool (BLAST) using an online program, namely NCBI
(http://ncbi.nlm.nih.gov/) and phylogenetic analysis was performed using Molecular Evolutionary
Genetic Analysis Software (MEGAL11).

3. Results and Discussion
Flocculation activity

Based on testing the flocculation activity of 224 bacterial isolates from the seven points, five bacterial
isolates had a relatively high value. These values can be seen in table 1.

Table 1. Bacterial flocculation activity

Isolate Code OD Concentration Flocculation activity (%)

1112 550 2,429 21,70
1114 550 2,413 20,90
1126 550 2,487 24,60
1025 550 2,439 43,00
TI125 550 2,380 44,40

Source: Authors
Molecular identification of flocculating bacteria

Based on the highest flocculation activity, 5 selected bacterial isolates were obtained, namely 1114,
1126, SI119, 1025, TI25. The selected isolates were identified molecularly based on the 16s rDNA
gene. Identification was performed using 16s rDNA gene amplification with the help of a PCR
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machine to obtain a 1500bp amplicon product. The results of the amplicon products were sequenced
to obtain sequences for blast analysis on GenBank. Analysis of blast results is shown in Table 2.

Table 2. Blast analysis of 16s rDNA sequences from bacterial flocculating agents

Isolate Query E. Identical Accession
Code Blast Result Cover (%)  Value (%) Number
1112 Vibrio Navarensis Strain 34 98 0,0 98.90 MT974084.1
Pseudoalteromonas ganghwensis
1114 strain WAB2121 100 0,0 99.66 MH169282.1
1126 Staphylococcus gallinarum strain E2 99 0.0 98.30 MH371285.1
Pseudoalteromonas ganghwensis
1025 strain WAB2121 100 0.0 99.58 MH169282.1
TI25 Cytobacillus Zg;g'(') strain FJAT- 100 0,0 90,89 MK859981.1

81025

QZE Pseudoalteromonas ganghwensis strain WAB2121 (MH169282.1)

Pseudoalteromonas ganghwensis strain WAB2121 (MH169282.1)(2)
114

’— 112
Vibrio navarrensis strain 34 (MT974084.1)

99
% 126
Staphylococcus gallinarum strain E2 (MH371285.1)

o8

1.

0 _|_— TI25
67 Cytobacillus kochii strain FJAT-46230 (MK859981.1)
Halobacterium salinarum strain 91-R6 (NR 025555.1)

—
0.050

Figure 1. Bacterial phylogenetic tree of bioflocculant agents and closely related strains based on 16s
rDNA sequences. NCBI access numbers are shown in brackets. Tree construction using evolutionary
techniques is calculated based on Neighbor-joining and bootstrap values applied to 1000 replications.
Bacterial strains that do not have an accession number are sample bacteria. Branching on
Halobacterium salinarum strain 91-R6 (NR_025555.1) as out-group.

Vannamei shrimp cultivation with an intensive system in Indonesia has experienced a very high
increase (Rangka & Gunarto, 2012 ; Amalisa et al., 2021 ; Deriyanti et al., 2021).. Shrimp cultivation
with an intensive system is carried out by stocking large amounts of shrimp and providing high feed
(Farras et al., 2017 ; Satyantini et al., 2020), so these waters can contain a large amount of organic
matter (Arifin et al., 2018 ; Ningrum et al., 2019). Organic materials contained in intensive ponds are
generally utilized by various types of degrading bacteria (Masithah et al., 2016 ; Jefri et al., 2020 ;
Fitriadi et al., 2023). Degrading bacteria in intensive ponds generally plays a role in improving the
environment, one of which is floc-forming bacteria. Floc-forming bacteria or what is commonly
called biofloc technology has been widely used in intensive ponds as a solution in dealing with water
quality degradation and organic matter degradation (Rangka & Gunarto, 2012). Biofloc technology is
an alternative technology that utilizes floc-producing bacteria to stabilize water quality, decompose
organic matter, reduce ammonia, suppress pathogenic bacteria, and serve as food for animals
(Maghfira, 2020).

In this study, 244 bacterial isolates from intensive ponds and traditional ponds in Pangandaran were
tested for flocculation activity. According to the test, the flocculant activity obtained ranged from 20.9
to 44.40%. The range of these values is quite large but does not meet the requirements of a
bioflocculant bacteria. According to Bukhari et al., (2015), bioflocculant bacteria have a flocculation
activity of >40%. Meanwhile, according to Gao et al., (2006) and Abd-EIl-Haleem et al., (2008) good
flocculation activity so that it can be said to be a bioflocculant bacteria is >75%. The high flocculation
activity is characterized by an increase in kaolin solution saturation after the addition of bioflocculant
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bacteria, accompanied by precipitate. The addition of CaCl2 in flocculation media acts as a source of
cations. The cations are used as coagulants to neutralize the charge between colloidal particles so that
they can combine to form flocs. During flocculation, a bond is formed between the bioflocculant and
CacCl; that binds colloidal solids (kaolin) (Bakar et al., 2021).

The result of flocculating bacteria identification obtained 4 different species, namely Vibrio
Navarensis Strain 34, Pseudoalteromonas ganghwensis strain WAB2121, Staphylococcus gallinarum
strain E2, and Cytobacillus kochii strain FJAT-46231. Some of the bacteria obtained in this study
have been found to produce quite high flocculation activity in previous studies. According to Fu et al.,
(2021), the bacteria Pseudoalteromonas sp. has a flocculation activity of 94.5% in an incubation time
of 72 hours and 78% in an incubation time of 48 hours (Harun et al., 2018). Pseudoalteromonas sp.
able to flocculate various dissolved solids such as kaolin clay, activated carbon, soil, magnesium
oxide and aluminum oxide. This ability makes the bacterium Pseudoalteromonas sp. can be used as
an effective flocculant for wastewater treatment at low temperatures and salinity (Li et al., 2008).
Bacteria Staphylococcus sp. able to produce bioflocculant with high flocculation activity, namely
70.3% for kaolin suspension. Bacteria Staphylococcus sp. has potential as a substitute for
conventional synthetic flocculants (Wong et al., 2012). According to this study, Cytobacillus kochii
bacteria had the highest flocculation activity of 44.40%, which is quite high as a flocculating agent.
Bukhari et al., (2015) stated that bacteria with a flocculation activity value of >40% had potential as a
flocculating agent.

The flocculation activity value of the bacteria identified in this study did not reach >60%, influenced
by various factors such as pH, temperature, and bacterial suspension. According to Bakar et al.,
(2021), the flocculation activity of bacteria is influenced by molecular weight, pH, temperature, and
metal ions. The pH value of the solution determines the flocculation activity and affects the stability
of suspended particles and floc formation. According to Tawila et al., (2018) very acidic conditions
(pH value < 5) and very alkaline conditions (pH value > 9) reduced the flocculation activity (< 70%)
of bioflocculant produced by Bacillus salmalaya. Factors that influence the flocculation activity of
biofloculant bacteria are carbon sources, nitrogen sources, carbon and nitrogen ratios, temperature,
pH, dissolved oxygen, and culture time (Sofie et al., 2017). Some bacteria require stimulation of
metal ions to produce flocculants (Razali et al., 2011).

There are several interactions involved in the formation of flocculants, including biological
interactions and chemical interactions, as has been demonstrated in several previous studies. Although
there are many components that form flocculants such as microalgae (Nasir et al., 2019), this research
attempts to focus on studying groups of enzyme-producing bacterial microorganisms that can bind all
the components of the buffer to form floc clumps. This research is the basis for obtaining bacterial
strains that have an important role in the process of flocculant formation by manipulating growth
medium enriched with kaolin to stimulate flocculant forming enzymes. This approach has been
extensively studied in detecting enzyme-producing bacteria in flocculant formation (Aradjo et al.,
2018; Bahniuk et al., 2022; M. Kumar et al., 2019). Then the results of this study showed low
flocculant activity compared to the study of Bukhari et al., (2015) but several isolates in this study had
a percentage of flocculant activity that was included in the percentage of flocculant activity found by
Kurniawan et al., (2021) namely <30% -72 .5%. The majority of the bacteria identified in this study
were new strains showing flocculant activity, especially in vannamei shrimp ponds. There is a big
opportunity here, especially when it comes to the cultivation of vannamei shrimp using
biotechnology.

Flocculant forming bacteria have a very important role in aquaculture. Besides the utilization of
organic matter, which can become toxic, flocculant bacteria use degradation products to form floc
clumps, which can provide natural food for cultivated organisms. This principle opens up great
opportunities for farmers and researchers, especially in the study of water quality and natural feed in
aquaculture using bacterial biotechnology. In previous studies, the Pseudoalteromonas ganghwensis
strain is a bacterium as a probiotic candidate that has the ability to produce protease enzymes and can
suppress the growth of Vibrio parahaemolyticus which is the main pathogen of vannamei shrimp
culture (Fitriadi et al., 2023). In the future, floc-forming bacteria can be packaged as probiotic
products that can be utilized on a field scale or hatchery scale cultivation which can minimize land
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and biocontrol pathogens. In the present day, several countries around the world are developing this
technology as the biofloc cultivation system.

4. Conclusion

In this study, the results showed a flocculation activity of the five isolates rangeing from 20.9-to
44.40%. In this study, the bacteria Pseudoalteromonas ganghwensis recorded the highest flocculant
activity at 43%, while Cytobacillus kochii at 44.40%. The flocculating activity has the potential as a
flocculating agent that needs to be reviewed before being used as a bacterial biofloculant.This
research is basic research regarding the detection of flocculant-forming bacteria, this research has
limited data as well as a complex and detailed study of how bacteria bind various flocculant-forming
components. Aquaculture productivity could be increased in the future by increasing flocculant-
forming bacteria, which can be used as biotechnology products such as probiotics.
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