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Introduction
Consumption of seafood products in Indonesia has 
increased due to public awareness of health, which has 
also led to a rise in the demand for seafood. Indonesia 
ranks third after China and Japan as the highest sea-
food consumer. As a maritime country, Indonesia also 
exports seafood products, especially shrimp, making it 
the fourth-highest exporting country after India, Ecua-
dor, and Argentina. To continue meeting the domestic 
demand and increase exports of fishery products, the 
Indonesian Ministry of Marine Affairs and Fisheries 
aims for an 8.5% annual increase in aquaculture produc-
tion [1]. Therefore, aquaculture is expected to become 
the leading food supplier by 2026 [2]. However, there are 
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Abstract
Objectives This research aimed to identify and quantify the antibiofilm activity of bioactive compounds from 
bacteria isolated from rhizosphere and nodule butterfly pea (Clitoria ternatea), rhizosphere clove afo 3 (Syzygium 
aromaticum), nodule mimosa (Mimosa pudica L.), and soil from gold mining land which were recovered from Ternate, 
Tidore, Obi Island, and Marotai Island, Eastern part of Indonesia.

Results Eight supernatants from soil and plant-associated bacteria were found to have quorum quenching activity 
against Chromobacterium violaceum. All supernatants exhibited antibiofilm activity against biofilm formed by 
Aeromonas hydrophila and Vibrio harveyi. The supernatant of FT5 showed the highest activity in disrupting (66.59%) 
and inhibiting (85.63%) the biofilm of A. hydrophila. For V. harveyi, the supernatant of PTM3 showed the highest 
disruption activity (72.61%), whileRCA7 showed the highest inhibition activity(75.68%). The Gas Chromatography-
Mass Spectrometry (GC-MS) identified fatty acids, ester, and diketopiperazine as the compounds related to the 
antibiofilm activity. Molecular identification revealed that the isolates belong to the genera Bacillus, Priestia, and 
Chryseobacterium.
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some challenges related to infectious diseases and antibi-
otics have been used to overcome this problem, but some 
pathogenic bacteria, such as A. hydrophila and V. har-
veyi, can form biofilms; antibiotics cannot eradicate cells 
inside the biofilm matrix.

Biofilm is a layer formed by some bacteria that con-
tains an Extracellular Polymeric Substance (EPS). This 
EPS consists of polysaccharides, proteins, lipids, and 
extracellular DNA (eDNA) [3]. Examples of fish patho-
gen bacteria that can form biofilms are Vibrio harveyi 
and Aeromonas hydrophila [4]. Before some bacteria 
form a biofilm, they will first communicate with each 
other through the quorum sensing (QS) mechanism 
using specific signal molecules called autoinducers [5]. 
This communication process between bacteria regulates 
biofilm formation and other important processes, includ-
ing the production of bioluminescence and expression of 
some virulence factors. Hence, bacteria in biofilm, even 
in extreme conditions or environments, can still adapt 
and survive and make it more difficult to control [5, 6]. 
Therefore, it is important to prevent or destroy the bio-
films formed by aquaculture pathogens using antibiofilm 
agent. Metabolites from various bacteria in nature have 
the potential to be explored with various bioactive com-
pounds. Hence, in this research uses metabolites from 
soil and plant-associated bacteria as natural sources. 
Bioactive compounds of phyllosphere bacteria that were 
isolated from guava (Psidium guajava) leaves reported 
had anti-quorum sensing activity or quorum quenching 
(QQ) against C. violaceum and had antibiofilm activ-
ity against (A) hydrophila, V. harveyi, and Streptococcus 
agalactiae [7]. Other study reported, bacteria from soil 
had inhibiting biofilm formation of Escherichia coli strain 
M4, P. aeruginosa strain M19, (B) subtilis strain M18, and 
Klebsiella pneumoniae strain M19 [8]. Therefore, bioac-
tive compounds of soil and plant-associated bacteria have 
potential as an antibiofilm agent.

Methods
Bacterial cultivation
Thirteen soil and plant-associated bacteria (FT5, F3A.2, 
RC2.2, RC3.1, M6.2, RCA8, RCA4, RCA7, PTM3, DHG3, 
DWR1, TE1, TE2) obtained from the Department of 
Biology Education, Khairun Ternate University, A. 
hydrophila and V. harveyi, obtained from Health Aquatic 
Organism Laboratory, Department of Aquaculture, Fac-
ulty of Fisheries and Marine Sciences, Bogor Agricultural 
University; and C. violaceum obtained from Atma Jaya 
Catholic University of Indonesia culture collections were 
cultured on Luria-Bertani Agar (LA) that contains 10  g 
of tryptone (Tryptone; Oxoid), 5 g of yeast extract (Yeast 
Extract; Oxoid), 10 g of Natrium chloride (NaCl; HIME-
DIA), 20  g of agar bacteriological (Agar Bacteriological; 
Oxoid) in 1000mL of aquadest, except V. harveyi cultured 

on LA with 2% of NaCl—all bacteria were incubated at 
28 °C for 24 h, except C. violaceum for 48 h.

Production of supernatant
A single colony of each soil and plant-associated bacte-
ria was cultured on 100 mL of Luria-Bertani Broth (LB) 
medium and incubated at 28 °C for 24 h in a water bath 
shaker at 120 rpm. Then, each culture was centrifuged at 
5752 × g for 20 min. The supernatant of each culture was 
freeze-dried for 48 h to obtain 5× concentration, thereby 
increasing its activity [9].

Antibacterial activity assay
This assay used the agar well diffusion method. A. 
hydrophila was cultured on LB medium, and V. harveyi 
was cultured on LB medium supplemented with 2% 
of NaCl (w/v). Both cultures were incubated in a water 
bath shaker at 28 °C, 120 rpm for 24 h. Then, 100 µL of 
A. hydrophila (OD600 = 0.132) was streaked using the 
continuos streak method in three different directions on 
Muller Hinton Agar (MHA; Oxoid) medium. Similarly, 
V. harveyi (OD600 = 0.132) was streaked on MHA supple-
mented with 2% of NaCl. Each well was filled with 100 
µL of supernatant of soil and plant-associated bacteria. 
For negative control, we used 1% of Dimethyl Sulfoxide 
(DMSO) while the positive control consisted of 10  mg/
mL of streptomycin. This assay was carried out in tripli-
cate. The plates were incubated at 28 °C for 24 h).Then a 
clear zone around each well was observed [10].

Qualification of anti-quorum sensing activity
C. violaceum wild type was grown in LB medium for 24 h 
using a water bath shaker (120 rpm; 28 °C). Then, 100 µL 
of C. violaceum wild type (OD600 = 0.132) was inoculated 
into LA. Wells were made using a sterilized cork borer, 
and each well was filled with 100 µL of the supernatant. 
In this assay, we used 1% of DMSO as negative con-
trol, while 10 mg/mL of streptomycin was used as posi-
tive control. This assay was carried out in triplicate. The 
plates were incubated at 28 °C for 24 h. After incubation, 
an opaque zone around each well was observed [10].

Destruction and inhibition of biofilm formation
A. hydrophila was cultured on Brain Heart Infusion 
Broth (BHIB; Merck) medium, while V. harveyi was cul-
tured on BHIB supplemented with 2% of NaCl (w/v). this 
culture were incubated in water bath shaker at 28 °C for 
24  h. For the biofilm destruction assay, 100 µL of each 
culture (OD600 = 0.132) was added into a polystyrene 
96-well microplate and incubated at 28 °C for 24 h. Then, 
100 µL of the supernatant of soil and plant-associated 
bacteria was put into the same microplate and re-incu-
bated. For the biofilm inhibition assay, 100 µL of each 
culture (OD600 = 0.132) and 100 µL of the supernatant 
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of soil and plant-associated bacteria were added together 
into a microplate and incubated (28  °C; 24  h). Cul-
tures of fish pathogenic bacteria and sterile BHIB were 
used as untreated control. After incubation, the media 
and the planktonic cells were discarded using aquad-
est and air-dried for 5–10 min. The biofilm in each well 
was stained using 200 µL of 0.4% (w/v) of crystal violet 
(Sigma-Aldrich) for 30 min. The crystal violet was rinsed 
with aquadest and air-dried for 5–10  min. The crystal 
violet that bound to the biofilm structure was dissolved 
using200 µL of 96% ethanol. The absorbance in each 
well was determined using a microplate reader (TECAN 
M200 PRO) at 595 nm. This assay was carried out in trip-
licate and the percentage of destruction and inhibition 
was determined using this formula [11].

 
%Destruction & Inhibition =

Abs fish pathogen− Abs sample

Abs fish pathogen
× 100%

Biofilm observation
We selected the highest biofilm destruction assay and 
continued to be assessed using light microscopy and 
Scanning Electron Microscopy with Energy Dispersive 
X-ray Spectroscopy (SEM-EDS) [12]. For observation of 
biofilm, 100 µL of each suspension of fish pathogen bac-
teria (OD600 = 0.132) was added into a cover glass and 
incubated at 28 °C for 24 h. Then, 100 µL of the superna-
tant of soil and plant-associated bacteria was put into the 
same cover glass and re-incubated [12].

For light microscopy observation, the cover glass con-
taining the sample was rinsed with aquadest. The biofilm 
was stained with 0.4% (w/v) of crystal violet for 10 min, 
rinsed again with aquadest and observed with a micro-
scope at 10 × 40 [12].

For observation using SEM, the cover glass that 
contains the sample was rinsed with aquadest. The 
biofilm was fixated with 2% (w/v) glutaraldehyde (Sigma-
Aldrich) and incubated at 4 °C for 24 h. The biofilm was 
dehydrated with alcohol 30% (v/v), 50% (v/v), 70% (v/v), 
96% (v/v), and 99.7% (v/v) for 15 min and let dry using an 
incubator for 5  min at 37  °C. The biofilm samples were 
observed under SEM-EDS [13].

Toxicity assay
The toxicity assay used the Brine Shrimp Lethality Assay 
(BSLA) method [14]. For this assay, concentrations of 
supernatants used are 100, 500, and 1000 ppm. A total of 
3.2 g of brine shrimp eggs (Artemia salina) were hatched 
24 h in a 3.8% (w/v) salt solution (artificial seawater) with 
aeration and an LED lamp. Ten A. salina at the nauplii 
stage was added to the 4.5 mL of new artificial water and 
0.5 mL of the supernatant of soil and plant-associated 
bacteria, incubated for 24 h and illuminated with an LED 

lamp. This assay used 10 mg/mL of K2Cr2O7 as the posi-
tive control, while negative control consisted of artificial 
seawater. Then, the mortality rate of nauplii was deter-
mined by using this formula [15].

 

%mortality =
death nauplii in sample−death nauplii in control

alive nauplii in control
× 100%

Identification of bioactive compounds
Bioactive compounds produced by soil and plant-asso-
ciated bacteria were identified using Gas Chromatogra-
phy and Mass Spectrometry (GC-MS) using GC Trace 
1310 and MS ISQ LT. The column type that was used is 
TG5MS. The Carrier gas used was helium (99.999%) with 
a flow rate of 1 µL/min. The mode of injection that was 
used is the split mode, using 250 °C for inlet temperature, 
split flow 10 µL /min. The data was read after 2 min (start 
time) [16].

Molecular identification of soil and plant-associated 
bacteria
The genome from each soil and plant-associated bacteria 
was isolated using Wizard® Genomic DNA Purification 
Kit A1120 (Promega). Amplification of the gene encoding 
16S rRNA used five components, such as GoTaq® Green 
Master Mix, primer 63F (5’- C A G G C C T A A C A C A T G C A 
A G T C-3’) for forward primer, primer 1387R (5’-GGGC-
GGWGTGTACAAGGC-3’) for reverse primer, DNA 
template, and nuclease-free water [17]. PCR conditions 
that were used were one cycle of pre-denaturation (95 °C; 
2  min), 30 cycles of denaturation (95  °C; 30  s), anneal-
ing (55 °C; 30 s), extension (72 °C; 2 min), and one cycle 
post-extension (72 °C; 10 min). PCR results were visual-
ized using gel electrophoresis 1% of agarose (Agarose; 
Vivantis) for 60  min at 90  V. Then, the PCR products 
were sequenced by Genetika Science. The sequence DNA 
results were processed using SeqTrace software and 
each data set was compared to data at GenBank using 
BLASTN.

Statistical analysis
Destruction and Inhibition of biofilm formation assays 
were carried out in triplicate and analyzed statistically 
using IBM SPSS Statistics 24. The data tested the normal-
ity using Shapiro-Wilk. Independent Sample T-Test was 
used, if α > 0.05.

Results
Antibacterial activity
The results showed negative for all of the supernatants, 
showing no clear zone around well. Therefore, anti-
bacterial activity was absent in supernatants of soil and 
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plant-associated bacteria against A. hydrophila and V. 
harveyi (Supplementary Table 1).

Qualification of anti-quorum sensing activity
Supernatants of FT5, RC3.1, RCA4, RCA7, PTM3, 
DWR1, TE1, and TE2 had anti-quorum sensing activity, 
showing an opaque zone (Supplementary Table 2). The 
positive result was shown for several supernatants, which 
showed the presence of an opaque zone that indicated 
anti-quorum sensing activity (quorum quenching).

Destruction and inhibition of biofilm formation
The destruction and inhibition assay showed that all 
supernatants had antibiofilm activity against A. hydroph-
ila and V. harveyi (Fig.  1). In the destruction assay, the 
supernatant of PTM3 showed the highest activity in dis-
rupting the biofilm of V. harveyi, while FT5 showed the 
highest activity in disrupting the biofilm of A. hydrophila. 
In the inhibition assay, the supernatant of RCA7 per-
formed the highest in inhibiting the biofilm formation 
of V. harveyi, while FT5 showed the highest in inhibiting 

Fig. 1 The absorbance of (A) destruction (B) inhibition biofilm of A. hydrophila and V. harveyi
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the biofilm formation of A. hydrophila (Supplementary 
Table 5).

Biofilm structure
We selected several supernatants with high destruction 
of biofilm and further continued with light microscopy 
determination (Fig.  2A-D) and SEM-EDS (Fig.  2E-H). 
Both light microscopy and SEM showed a decrease in 
biofilm biomass after the biofilm was treated. The ele-
ments of each biofilm were identified using SEM-EDS 
(Supplementary Table 3).

Toxicity assay
Several supernatants, such as FT5, PTM3, RCA7, TE2, 
RCA4, and DHG3 were selected for toxicity assay. These 
supernatants were considered non-toxic because each 
concentration (100, 500, and 1000 ppm) performed 0% of 
mortality percentage against nauplii.

Bioactive compounds of supernatant
The bioactive compounds of all the supernatants were 
identified. The results of the GC-MS analysis are shown 
in (Table 1). Most compounds had fatty acids, diketopi-
perazines, esters, and dihydroergotamine.

Species of soil and plant-associated bacteria
Soil and Plant-associated bacteria isolates were identified 
by sequencing of 16  S-rRNA gene. The sequence DNA 
results were processed using SeqTrace software, and 
each data set was compared to data at GenBank using 
BLASTN, with the result shown in (Supplementary Table 
4).

Statistical analysis
Based on SPSS, in the destruction and inhibition assay, 
biofilm treated with each supernatant had significant dif-
ferences from the control (V. harveyi or A. hydrophila 
biofilm) (p < 0.05).

Discussion
Gold mining soil and plant-associated bacteria have the 
potential to be explored for their biocontrol abilities, 
particularly as anti-biofilm agents. In addition to explor-
ing and utilizing natural resources in Indonesia, the dis-
covery of this anti-biofilm agent will help overcome the 
challenges of infectious diseases caused by pathogenic 
bacteria that form biofilms in the aquaculture industry. 
As an initial step, it is essential to evaluate the antibacte-
rial properties of these anti-biofilm agents to ensure they 
do not interfere with the inhibition of biofilm formation. 
Based on the Supplementary Table 1, thirteen superna-
tants of soil and plant-associated bacteria were tested and 
none showed antibacterial activity against either V. har-
veyi or A. hydrophila. It was showed the absence of clear 

zones around wells, indicating that the supernatant did 
not inhibit the fish pathogens [18].

The quorum quenching activity was also analyzed to 
determine the potential of the supernatant of soil and 
plant-associated bacteria to inhibit the communication 
process between bacterial cells. This assay used C. viola-
ceum wild type, which produces a dark purple pigment 
called violacein through QS. The absence of this pig-
ment indicated that the QS of C. violaceum wild type was 
inhibited by various possible mechanisms [19]. There are 
several mechanisms to inhibit quorum, such as inhib-
iting the autoinducer synthase, using an autoinducer 
antagonist, or using an enzyme or other component 
to inactivate or degrade the autoinducer [20]. Several 
supernatants of soil and plant-associated bacteria have 
QQ activity, such as FT5, RC3.1, RCA4, RCA7, PTM3, 
DWR1, TE1, and TE2 (Supplementary Table 2).

The destruction and inhibition of biofilm formation 
showed that all supernatants from soil and plant-asso-
ciated bacteria had antibiofilm activity. The antibiofilm 
activity in this assay was measured by quantitatively 
assessing crystal violet binding to the biofilm. Since 
crystal violet is positively charged, it is bonded with 
negatively charged biofilm [21]. The results of antibio-
film activity varied between pathogenic bacteria, with 
FT5 showed the highest activity in disrupting (66.59%) 
and inhibiting (85.63%) A. hydrophila biofilm, while the 
supernatant of PTM3 and RCA7 showed the highest 
activity in disrupting (72.61%) and inhibiting (75.68%) 
the biofilm of V. harveyi, respectively (Supplementary 
Table 5). The variability in antibiofilm activity between 
pathogenic bacteria, potentially due to difference in the 
biofilm components produced by each bacterium. The 
biofilm matrix of A. hydrophila includes protein, man-
nose, glucose, fucose, N-acetylgalactosamine, uronic acid, 
hydroxyl group, carboxyl group, amine and amide [22]. In 
contrast, V. harveyi biofilm consists of galactose, glucose, 
uronic acids, proteins, sulfates, other deoxyhexoses, such 
as fucose and rhamnose, and pentoses, such as mannose, 
ribose, arabinose, and xylose [23]. Potential mechanisms 
for antibiofilm agents include enzymatic degradation of 
biofilm structure, the use of compounds that can prevent 
or disrupt biofilm formation, and the inhibition of bacte-
rial QS activity [24].

The quantitative results for destruction assay were fur-
ther validated through visual observation. Observation of 
the destroyed biofilm structure under a light microscope 
and SEM produced results consistent with the quantita-
tive testing (Fig. 2). In Fig. 2B, the biofilm of A. hydrophila 
treated with the FT5 supernatant shows a clear reduc-
tion in biomass compared to the control in Fig. 2A. This 
decrease is further supported by SEM images (Fig. 2E-F). 
Similarly, for V. harveyi, Fig.  2D showed a reduction in 
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Fig. 2 Biofilm structure of (A) A. hydrophila (B) A. hydrophila treated with supernatant of FT5 (C) V. harveyi (D) V. harveyi treated with supernatant of PTM3 
using light microscopy and biofilm structure of (E) A. hydrophila (F) A. hydrophila treated with supernatant of FT5 (G) V. harveyi (H) V. harveyi treated with 
supernatant of PTM3 using SEM
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biofilm biomass relative to the control in Fig.  2C, with 
SEM results confirming this finding (Fig. 2G-H).

In addition to the visual analysis using SEM, EDS 
analysis revealed additional details about the elemental 
composition of the biofilms. As shown in Supplementary 
Table 3, the mass percentages of Carbon (C) and Nitro-
gen (N) were higher in untreated compared to treated 
biofilm. This difference may be because carbon and nitro-
gen are elements contained in biofilm, with carbon as 
the main element in polysaccharides and nitrogen as the 
main element in proteins. Additionally, phosphate (P), 
plays a role as the main elements of extracellular DNA 

(eDNA).Silicon (Si) was also detected, likely because the 
biofilm was grown on cover glass that may contain silicon 
[9, 15].

Based on the GC-MS result, several supernatants 
had similar compounds; we identified eight major com-
pounds (Table  1). Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl)ethyl ester and n-Hexadecenoic acid 
had quorum quenching activity and antibiofilm activ-
ity, particularly against C. violaceum. The mechanism 
of Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)
ethyl ester, in inhibiting the QS of C. violaceum involves 
binding to CViR, its AHL receptor, through hydrogen 

Table 1 Bioactive compounds of supernatant of soil and plant-associated bacteria
Isolate Code Bioactive Compounds Name Retention time (min) % Area
FT5 trans-13-octadecenoic acid 20.10 23.41

n-Hexadecanoic acid 15.49 14.41
Hexadecanoic acid,2-hydroxy-1 (hydroxymethyl)ethyl ester 27.54 3.80

F3A.2 trans-13-Octadecenoic acid 20.09 26.98
n-Hexadecanoic acid 15.49 17.55
Hexadecanoic acid,2-hydroxy-1-(hydroxymethyl)ethyl ester 27.55 9.10

RC2.2 trans-13-Octadecenoic acid 20.07 23.16
n-Hexadecanoic acid 15.51 16.21
Hexadecanoic acid,2-hydroxy-1 (hydroxymethyl)ethyl ester 27.57 3.86

RC3.1 cis-Vaccenic acid 20.04 17.64
n-Hexadecanoic acid 15.49 12.11
Ergotaman-3’,6’,18-trione,9,10-dihydro-12’-hydroxy-2’-methyl-5’-(phenylmethyl), (5’à,10à)- 25.18 2.63

M6.2 trans-13-Octadecenoic acid 20.09 22.53
n-Hexadecanoic acid 15.53 15.65
Hexadecanoic acid,2-hydroxy-1-(hydroxymethyl)ethyl ester 27.59 3.88

RCA8 n-Hexadecanoic acid 15.55 6.04
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 25.26 4.54
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- 13.10 3.61

RCA4 n-Hexadecanoic acid 15.53 6.04
trans-13-Octadecenoic acid 20.05 5.34
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 25.25 4.00

RCA7 trans-13-Octadecenoic acid 20.07 11.40
n-Hexadecanoic acid 15.54 10.86
Ergotaman-3’,6’,18-trione,9,10-dihydro-12’-hydroxy-2’-methyl-5’-(phenylmethyl), (5’à,10à)- 25.25 3.54

PTM3 trans-13-Octadecenoic acid 20.06 8.48
n-Hexadecanoic acid 15.53 8.19
Ergotaman-3’,6’,18-trione,9,10-dihydro-12’-hydroxy-2’-methyl-5’-(phenylmethyl), (5’à,10à)- 25.24 3.68

DHG3 n-Hexadecanoic acid 15.57 7.23
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 25.30 5.80
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- 13.12 4.77

DWR1 n-Hexadecanoic acid 15.56 6.45
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 25.28 5.05
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- 13.11 4.33

TE1 9-Octadecenoic acid (Z)-,
2-hydroxy-1-(hydroxymethyl)ethyl ester

22.20 14.93

n-Hexadecanoic acid 15.56 4.90
Ergotaman-3’,6’,18-trione,9,10-dihydro-12’-hydroxy-2’-methyl-5’-(phenylmethyl), (5’à,10à)- 25.29 4.88

TE2 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 25.31 5.53
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- 14.80 5.03
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- 13.12 4.84
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bonding. Specifically, the Gly 70 of the compound binds 
to the active site of the receptor [19]. Similarly, n-hexa-
decenoic acid inhibits the QS of C. violaceum through a 
binding mechanisms with CViR [25]. Cis-vaccenic acid 
could also exhibit anti-QS against C. violaceum and has 
the potential as an anti-biofilm agent [26]. Additionally, 
trans-13-octadecenoic acid has been reported as an anti-
biofilm against the biofilm of P. aeruginosa [27]. We also 
identified rgotaman-3’,6’,18-trione,9,10-dihydro-12’-hy-
droxy-2’-methyl-5’-(phenylmethyl), (5’à,10à)- as one of 
the primary compounds in the supernatant. However, 
reports related to this compound as antibiofilm are still 
limited, although it has been reported for its anti-fungal 
[28]. Another compound, 9-Octadecenoic acid (Z)-,2-hy-
droxy-1-(hydroxymethyl)ethyl ester might play a role in 
quorum quenching in inhibiting communication of A. 
hydrophila and Streptococcus agalactiae [9]. Two dik-
etopiperazines, such as Pyrrolo [1,2-a]pyrazine-1,4-di-
one, hexahydro-3-(phenylmethyl) and Pyrrolo [1,2-a]
pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- have 
been reported to have anti-quorum sensing activity [29, 
30]. According to other research, Pyrrolo [1,2-a]pyrazine-
1,4-dione, hexahydro-3-(phenylmethyl) has been proven 
to inhibit and disrupt the formation of P. aeruginosa, 
while Pyrroloi[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-
methylpropyl)- can inhibit biofilm of P. mirabilis strain 
BDUMS-2 and E. coli strain BDUMS-3 [30–32].

The brine shrimp lethality assay, which utilizes A. 
salina, is simple, inexpensive, and highly accurate 
method for testing toxicity. In the untreated control of 
this test, there is a possibility of natural deaths occur-
ring, typically no more than 25%. The natural death of 
(A) salina nauplii is primarily caused by several factors, 
including the duration of the test, the age of the nauplii, 
the composition, pH, and salinity of the artificial seawa-
ter, as well as the environmental temperature. Typically, 
aeration is not used during the assay, which reduced the 
available oxygen for the nauplii. As a result, the nauplii 
usually cannot survive for more than 48 h [33]. Accord-
ing to the results, toxicity assay of supernatant FT5, 
PTM3, RCA7, TE2, RCA4, and DHG3 showed that all 
tested concentrations resulted in 0% mortality against 
nauplii, whereas the positive control resulted in 100% 
mortality. Due to the absence of mortality in S. salina, 
the LC50 was not determined. In BSLA, 1000 ppm is typi-
cally the highest concentration for determining the LC50 
value. The absence of mortality across all concentrations 
indicated that the supernatants do not show toxic effects 
on nauplii [34]. Based on other study an oral acute tox-
icity test was conducted on the hydro-methanol extract 
of Anacardium occidentale, resulting in a 0% mortality 
rate. This finding indicates that the extract is non-toxic 
and safe, as the subject used in the study, did not cause 
mortality upon treatment [35].Molecular identification of 

soil and plant-associated bacteria performs three genera: 
Bacillus, Priestia, and Chryseobacterium (Supplementary 
Table 4). There are Bacillus thuringiensis, Bacillus sp, 
Priestia megaterium, Bacillus cereus, Priestia aryabhat-
tai, Chryseobacterium sp., and Bacillus tropicus, It has 
been reported (B) thuringiensis produces Aiia lactonase. 
Enzyme from this family is one of the reasons quorum 
sensing and bacterial biofilm formation can be inhibited 
[36]. Bacillus sp. and P. megaterium also has been found 
to produce protease which can degrade protein in bio-
film matrix of Staphylococcus aureus [37]. Meanwhile, 
B. cereus and P. aryabhattai produce metabolite that has 
anti-QS activity by degrading C6-HSL, a signaling mol-
ecule of Gram-negative bacteria. This occurs because 
these bacteria can produce the enzyme N-acyl homo-
serine lactonase, which breaks down N-acyl-L-homo-
serine lactone (AHL). Additionally, these bacteria also 
can inhibit the formation of biofilms by Vibrio cholerae, 
P. aeruginosa, and S. aureus [38]. Similarly, Chryseobac-
terium sp. produces the AHL-lactonase enzyme, thereby 
inhibiting the quorum sensing process [39]. On the other 
hand, studies related to the use of B. tropicus metabolites 
as antibiofilm agents are still limited. However, it is pos-
sible that this bacterium has potential as an antibiofilm 
agent. B. tropicus can produce keratinase, a type of pro-
tease that can degrade keratin [40]. Based on other study, 
keratinase has been shown to reduce biofilm formation of 
E. coli and S. aureus [41].

Limitations
This research conducted only for two fish pathogens, A. 
hydrophila and V. harveyi, which require the use of other 
fish pathogen bacteria. The anti-quorum sensing activity 
in this research was identified as a qualitative; therefore, 
it must be assessed quantitatively.
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