
1. Introduction
  
Acute Hepatopancreatic Necrosis Disease 

(AHPND), caused by Vibrio parahaemolyticus, poses 
a severe threat to Indonesia’s shrimp farming industry, 
which is among the largest in the world, contributing 

approximately 1.5 million tons annually. AHPND has 
resulted in significant economic losses, with mortality 
rates reaching up to 80% in shrimp ponds, particularly 
in regions such as Sulawesi and Java (Saputra et al. 
2023). The pathogenicity of V. parahaemolyticus is 
closely linked to quorum sensing (QS). This mechanism 
enables bacterial communication and collective 
regulation of virulence gene expression, enhancing its 
ability to infect the hepatopancreas of shrimp. Current * Corresponding Author

	 E-mail Address:  azae.mustopa@gmail.com

 Vol. 32 No. 4, July 2025 1039-1052
DOI:10.4308/hjb.32.4.1039-1052

ISSN: 1978-3019
EISSN: 2086-4094

H A Y AT IH A Y AT I
Journal of BiosciencesJournal of Biosciences

The Gene Analysis and Probiotic Potential Characterization of 
Pseudomonas alcaligenes SG03
Baso Manguntungi1, Iman Rusmana1, Apon Zaenal Mustopa2*, Anja Meryandini1,3

1Department of Biology, Faculty of Mathematics and Natural Sciences, IPB University, Bogor 16680, Indonesia
2Research Center for Genetic Engineering, National Research and Innovation Agency (BRIN), Jakarta Pusat 10340, Inonesia
3Biotechnology Research Centre, Institut Pertanian Bogor. Jl. Kamper, Bogor 16680, West Java, Indonesia

AHPND causes up to 80% of shrimp mortality, severely impacting Indonesia's 
aquaculture. Rising antibiotic resistance necessitates sustainable alternatives. 
This study investigates the probiotic potential of Pseudomonas alcaligenes 
SG03, a bacterium with unique genomic traits, to address antibiotic resistance 
and promote animal health. Genome analysis revealed a 6.17 Mb genome with 
4,446 protein clusters, including genes for carbohydrate metabolism (26.63%), 
amino acid metabolism (19.93%), and energy metabolism (10.88%). Key 
probiotic-related genes, such as acid resistance (rpoS, actP), salinity tolerance 
(gshA, cysK), antibiotic resistance (vanB, gyrA), and metal resistance (copZ, 
zwf), were identified. In vitro, assays evaluated probiotic properties under 
conditions mimicking the shrimp gastrointestinal tract. Osmo-tolerance tests 
showed optimal growth at 10% glucose, with a significant drop in viability at 
higher concentrations. Autoaggregation increased progressively, reaching 0.78 
at 18 hours and 0.13 at 48 hours. Optimal growth occurred at 30°C, with a 2.5-
fold increase in optical density compared to 25°C. NaCl tolerance peaked at 
2% (20.33×1012 CFU at 48 hours), while bile salt tolerance was highest at 0.1% 
(27.00×1012 CFU at 48 hours). pH tolerance was optimal at pH 5 (20.00×1012 CFU 
at 48 hours). Antioxidant (53.00%) and anti-inflammatory (60.33%) activities 
peaked after 48 hours. Phenotypic antibiotic resistance was observed against 
Tetracycline, Amoxicillin, Cefixime, Streptomycin, and Chloramphenicol, with 
proteolytic activity but no lipolytic or hemolytic properties. These findings 
highlight P. alcaligenes SG03’s potential as a probiotic in aquaculture to support 
shrimp health and reduce antibiotic dependency. Future studies should focus on 
in vivo validation and formulation development.  
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control strategies rely heavily on antibiotics, with 
surveys indicating that up to 70% of shrimp farmers 
in Indonesia use antibiotics without proper oversight 
(Mizan et al. 2020; Lin et al. 2022). This practice has 
led to the detection of antibiotic residues in shrimp 
products and the environment, raising concerns about 
antimicrobial resistance and regulatory restrictions in 
international markets, such as those imposed by the 
EU and US (Mizan et al. 2020; Gupta et al. 2022).

Given these challenges, there is an urgent need for 
sustainable and environmentally friendly alternatives 
to antibiotics. One promising approach is the use 
of biocontrol agents with probiotic properties to 
combat pathogens by inhibiting quorum sensing 
(QS). Probiotics isolated from Indonesian aquatic 
environments can compete with V. parahaemolyticus 
for resources and produce anti-QS compounds, 
reducing the pathogen's virulence. Research has shown 
that applying probiotics in shrimp ponds can reduce 
infection rates by up to 60% (Gupta et al. 2022; Lubis 
et al. 2024). Among these probiotics, Pseudomonas 
alcaligenes has emerged as a promising biocontrol 
agent due to its unique ability to inhibit QS and its 
probiotic properties. Whole-genome sequencing 
(WGS) analysis has revealed that P. alcaligenes 
harbors two key genes encoding the enzymes AHL 
lactonase and AHL acylase, which degrades acyl-
homoserine lactones (AHL), the chemical signaling 
molecules used by V. parahaemolyticus to regulate 
virulence gene expression (Fang et al. 2020; Zhang 
et al. 2023). By inactivating AHL, P. alcaligenes 
disrupt bacterial communication, reducing virulence 
factor expression and inhibiting biofilm formation. 
This prevents V. parahaemolyticus from establishing 
persistent infections, thereby reducing shrimp 
mortality (Reina et al. 2019; Rusmana et al. 2022).

In addition to its QS-inhibitory capabilities, P. 
alcaligenes acts as a probiotic by colonizing the 
shrimp gut, promoting beneficial microbiota, and 
inhibiting pathogenic growth. The bacterium produces 
antimicrobial compounds and secondary metabolites 
that enhance shrimp health. Studies have demonstrated 
that incorporating P. alcaligenes in shrimp farming 
ponds can increase shrimp growth rates by up to 
30% and improve water quality, creating a more 
sustainable aquaculture environment (Fernandes et 
al. 2019; Phan et al. 2022; González-Palacios et al. 
2020). Using P. alcaligenes as a probiotic offers a 
significant innovation in controlling AHPND caused 
by V. parahaemolyticus and reducing reliance on 

antibiotics. This dual approach not only supports 
shrimp health by enhancing immune responses and 
promoting beneficial microbiota but also suppresses 
pathogenic bacterial growth through QS inhibition. 
The implementation of P. alcaligenes in shrimp 
farming will reduce antibiotic use, lowering the risk 
of residues in shrimp products and the environment, 
and addressing antimicrobial resistance concerns 
(Gupta et al. 2022; Lubis et al. 2024). This innovation 
aligns with international market standards, such as EU 
and US regulations on antibiotic residues, enhancing 
the competitiveness of Indonesian shrimp products 
globally.

2. Materials and Methods

2.1. Genome Analysis 
	 Isolation and sequencing genome preparation of 
Pseudomonas alcaligenes SG03 were conducted as 
described in previous studies. The raw data in the form 
of FastQ files obtained from base calling were processed 
using program tools on the Galaxy Europe10 server. The 
FastQ data underwent quality control (QC) using the 
Nanoplot program, followed by assembly processing 
using Flye. The assembly results were then polished 
to obtain higher-quality sequences using MEDAKA. 
Genome completeness was evaluated using Quast 
and BUSCO. Overall, draft assembly annotation was 
performed using PROKKA, RAST webserver, and 
eggNOG mapper. To resolve discrepancies between these 
tools, annotations were cross-validated, and the final 
annotation was determined based on consensus among 
the tools, prioritizing PROKKA for gene prediction and 
eggNOG for functional annotation. Specific annotation 
related to probiotic candidates was conducted following 
the method of Sylvere et al. (2023), predicting antibiotic 
resistance gene sequences using CARD and ResFinder 
4.4.2. The ability to harbor virulence was determined 
through predictions from VirulenceFinder 2.0 (Kaktcham 
et al. 2025).

2.2. Osmo-Tolerances Assay
	 Zobell broth media was prepared by adding glucose 
at 4%, 6%, 8%, and 10% (with three repetitions) and then 
sterilized using an autoclave at 121°C for 15 minutes. A 
100 µl bacterial isolate was taken using a sterile pipette 
and inoculated into 50 ml of the prepared media for each 
glucose concentration, with each treatment performed 
in separate test tubes. The inoculated cultures were 
then placed in an incubator set at 30°C and 37°C, with 
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shaking at 180 rpm for 48 hours. During the incubation 
period, 1 ml of sample was taken at 18 hours, 24 hours, 
and 48 hours using a sterile pipette to prevent cross-
contamination. The optical density of the samples 
was measured using a UV-Vis spectrophotometer at a 
wavelength of 600 nm, and the absorbance values were 
recorded for each sample at the time of collection. As a 
positive control, bacterial cultures without added glucose 
were also prepared and measured simultaneously (Muche 
et al. 2023).

2.3. Uji Auto-Aggregation Assay
A 5 µL bacterial isolate was inoculated into 5 ml of 

Zobell broth media, then incubated at 30°C for 24 hours 
with shaking at 180 rpm to support bacterial growth. 
After the incubation period, the bacterial culture was 
inoculated into 1× PBS media at a concentration of 2% 
bacterial density (OD600 ≈ 0.8). The culture in PBS was 
then incubated at 30°C for 48 hours to facilitate further 
growth. Observations were made at 18, 24, and 48 hours. 
For growth analysis, samples were taken from the culture 
at each time point, and the optical density was measured 
using a UV-Vis spectrophotometer at a wavelength of 
600 nm (Ekawati et al. 2024). The absorbance results 
were calculated using the following equation:

2.5. NaCl Resistance Assay
A 24-hour-old bacterial isolate grown in Zobell 

broth was inoculated into Zobell medium supplemented 
with NaCl at concentrations of 2%, 4%, and 6%. To 
perform serial dilution, 100 µL of the isolate culture 
was mixed with 900 µL of 0.85% NaCl to achieve a 
10-1 dilution. Further serial dilutions were performed 
to reach a 10-10 dilution. Subsequently, 100 µL from 
each dilution was evenly spread onto the surface of 
the prepared Zobell agar medium. The cultured plates 
were incubated for 24, 48, and 72 hours. At each 
time interval, the colonies that grew were counted to 
determine the colony-forming units (CFU) per ml at 
each NaCl concentration. As a positive control, the 
isolate grown in Zobell broth without NaCl treatment 
was also analyzed. (Muche et al. 2023).

2.6. Anti-Inflammatory Assay
The assay was conducted by adding 500 µL of 

Bovine Serum Albumin (BSA) into a microtube, 
followed by the addition of 100 µL of bacterial 
supernatant. The mixture was then incubated at room 
temperature for 10 minutes to allow initial interaction 
between the BSA and components in the supernatant. 
After incubation at room temperature, the microtube 
was transferred to an incubator at 51°C for 20 minutes 
to continue the anti-inflammatory reaction. As a control, 
growth media without the bacterial isolate was used to 
ensure no reaction occurred due to external factors. A 
positive control was prepared using diclofenac in the 
same reaction mixture. After the incubation phase, 
the absorbance of each reaction was measured at a 
wavelength of 660 nm using a Spectrophotometer. 
Measurements were performed in triplicate for each 
sample to ensure consistency and accuracy of the data 
obtained (Garbi et al. 2017). The absorbance value was 
calculated using the equation:

(%) Auto-aggregation = (A0 - A1)
× 100]

A0
[

Explanation: A1 = Absorbance of the sample at 18, 
24, and 48 hours, and A0 = Absorbance at 0 hours.

 
2.4. Temperature Resistance Assay
	 A liquid culture with a volume of 500 µL was 
inoculated into the medium and incubated at four 
different temperatures, namely 25°C, 30°C, 37°C, and 
42°C, for 48 hours. These temperatures were chosen 
to represent the range of environmental conditions in 
shrimp farming habitats, with 30°C being the optimal 
growth temperature for shrimp and 37°C and 42°C 
representing potential stress conditions. During the 
incubation, the culture was stirred at 180 rpm to 
ensure homogeneity and even nutrient distribution in 
the medium. Sampling was conducted at time intervals 
of 18 hours, 24 hours, and 48 hours. At each interval, 
samples were taken from each temperature treatment 
using a sterile pipette to prevent contamination. The 
optical density of each sample was measured using a 
UV-Vis spectrophotometer at a wavelength of 600 nm 
(Anita et al. 2018).  

(%) Inhibition (A1 - A2)
A0

× 100= ][

Explanation: A1 = Sample Absorbance, A2 = 
Sample Control Absorbance, and A0 = Positive Control 
Absorbance.

2.7. Antioxidant Assay with DPPH 
(1,1-Diphenyl-2-picrylhydrazyl)

The antioxidant assay was conducted by adding 
100 µL of DPPH solution (0.2 mM) to a microplate, 
followed by adding 100 µL of bacterial supernatant. The 
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microplate was then incubated for 30 minutes in the dark 
to prevent light from affecting the stability of DPPH. A 
blank control (DPPH solution without supernatant) was 
used to normalize the absorbance values. As a positive 
control, vitamin C at a concentration of 100 ppm was 
also added with the same treatment. After the incubation 
period, the absorbance of each reaction was measured 
at a wavelength of 517 nm using the Multiskan Go 
Microplate Spectrophotometer. This measurement was 
performed to determine the antioxidant activity of the 
bacterial supernatant by comparing the absorbance 
values between the sample and the positive control 
(Fidien et al. 2021; Hertati et al. 2023; Nurjannah et 
al. 2024). The absorbance values were calculated using 
the following equation:

incubated at 30°C for 24 hours with shaking at 180 rpm 
to ensure even bacterial growth. For observation, the 
Total Plate Count (TPC) method was used to count the 
number of colonies formed. A 100 µL sample of the 
bacterial culture was taken and mixed with 900 µL of 
0.85% NaCl to obtain a 10-1 dilution. Further serial 
dilutions were performed to reach a 10-10 dilution. 
Each dilution was then spread evenly on the surface 
of prepared Zobell Marine Agar agar media, with 100 
µL applied to each. After spreading, the culture was 
incubated at the same temperature for 24, 48, and 
72 hours. The colonies were counted at intervals to 
determine the colony-forming units per ml at each bile 
salt concentration. A positive control was performed 
using an isolate grown in Zobell Marine broth without 
bile salt treatment to compare the growth results 
(Sylvere et al. 2023).

2.10. Antibiotic Resistance Assay
A 5 ml bacterial isolate, aged for 24 hours, was 

taken and resuspended in Zobell agar media until 
homogeneous. The bacterial suspension was then 
poured into pre-prepared Petri dishes and gently mixed 
to ensure even distribution. Once the media solidified, 
antibiotic discs were placed on the surface of the agar. 
The discs used included Tetracycline (30 µg/disc), 
Penicillin (10 µg/disc), Amoxicillin (30 µg/disc), 
Cefixime (5 µg/disc), Streptomycin (10 µg/disc), and 
Chloramphenicol (30 µg/disc), with sufficient spacing 
to prevent overlapping inhibition zones. The Petri 
dishes were then incubated for 48 hours at 37°C. After 
the incubation period, the Petri dishes were examined 
to observe the presence of clear zones around the 
antibiotic discs. These clear zones indicate areas where 
bacterial growth was inhibited, demonstrating the 
sensitivity of the bacteria to the antibiotics (Akinyemi 
et al. 2024).

2.11. Proteolytic, Lipolytic, and Hemolytic 
Activity Assay

The bacterial isolate was tested using Zobell Marine 
Agar media enriched with 1% skim milk to evaluate 
protease enzyme activity. After preparing the media, 
the bacterial isolate was evenly inoculated onto the agar 
surface. The Petri dishes were then incubated for 48 
hours at 30°C to allow bacterial growth and enzymatic 
activity. During the incubation period, bacteria that 
produce protease enzymes degrade the protein in the 
skim milk, creating a clear zone around the colonies 
that indicates proteolytic activity. After incubation, 
the Petri dishes were inspected for clear or transparent 

(%) Inhibition (A0 - A1)
A0

× 100= ][

Explanation: A1 = Sample Absorbance, A2 = 
Sample Control Absorbance, and A0 = Positive Control 
Absorbance.

2.8. pH Resistance Assay
The bacteria cultured in Zobell media for 24 hours 

were inoculated into Zobell media with pH variations 
of 2, 3, 4, and 5. Each pH variation was prepared by 
adding the appropriate buffer solution to achieve the 
desired pH. After inoculation, the culture was incubated 
at 30 °C for 24 hours with shaking at 180 rpm to ensure 
even growth. The Total Plate Count (TPC) method 
counted the number of colonies formed. A 100 µL 
sample of the bacterial culture was taken and mixed 
with 900 µL of 0.85% NaCl to obtain a 10-1 dilution. 
Further serial dilutions were performed to reach 10-10. 
Then, 100 µL from each dilution was spread evenly 
on the surface of Zobell agar media. After spreading, 
the culture was incubated for 24, 48, and 72 hours. 
The growing colonies were observed and counted to 
determine the colony-forming units per ml at each pH 
variation. A positive control was conducted using an 
isolate cultured in Zobell broth without any treatment 
(Sylvere et al. 2023).

2.9. Bile Salt Resistance Assay
The 24-hour-old bacterial isolate grown in Zobell 

media was inoculated into Zobell media containing 
varying concentrations of bile salt, specifically 0.1%, 
0.3%, and 0.5%. Each media variation was prepared 
by adding bile salt to previously sterilized Zobell 
Marine Agar media. After inoculation, the culture was 
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zones around the colonies (Ekawati et al. 2024). For 
lipolytic activity testing, the bacterial isolate was tested 
on Zobell Marine Agar media with the addition of 
Tween 80. The isolate was spot-inoculated at the base 
of the media surface and then incubated at 30°C for 
48 hours. The presence of clear zones indicates that 
the isolate can degrade lipids. For hemolysis assay, the 
bacterial isolate was streaked onto blood agar media 
and incubated at 30°C for 48 hours. Positive controls 
were E. coli and Staphylococcus aureus ATCC, while 
the negative control was a lactic acid bacteria strain 
from BRIN that had been tested. Observations were 
made to detect the formation of zones, including clear 
zones (β-hemolysis), green zones (α-hemolysis), or 
no zones around the bacterial colonies (γ-hemolysis) 
(Tran et al. 2023).

3. Results

Genome analysis data of P. alcaligenes SG03 began 
with analyzing eggNOG annotation results, Clusters of 
Orthologous Groups of proteins (COGs), and Kyoto 
Encyclopedia of Genes and Genomes (KEGG). The 
results of the eggNOG analysis are displayed in Table 
1, COG in Figure 1, and KEGG in Figure 2.

From a total genome size of 6.17 Mb, 4,446 clusters 
of orthologous groups of proteins were identified. The 
largest cluster consisted of genes with unknown functions, 
comprising 1,108 genes (24.92% of the total). The 
second-largest cluster was associated with transcription, 
containing 426 genes (9.58%), followed by a cluster 

related to cell motility, with 396 genes (8.91%). The high 
proportion of transcription-related genes suggests a robust 
regulatory capacity, which may enable the strain to adapt 
to varying environmental conditions. Additionally, the 
significant number of genes associated with cell motility 
could enhance its ability to colonize host environments, 
a critical trait for probiotic functionality.

The results of the KEGG analysis showed that there 
were 597 genes in total across various pathway clusters, 
with the carbohydrate pathway containing the highest 
number of genes, specifically 159, which accounts for 
approximately 26.63%. Other pathway clusters that were 
quite numerous were related to amino acid metabolism, 
comprising 119 genes (around 19.93%), and those related 
to energy metabolism, comprising 65 genes (around 
10.88%) of the total gene count. The dominance of 
carbohydrate metabolism genes aligns with the strain’s 
potential to thrive in environments where carbohydrates 
are abundant, such as the gastrointestinal tract of hosts. 
The COG and KEGG analyses collectively highlight the 
presence of genes involved in key probiotic functions, such 
as carbohydrate metabolism (G), amino acid metabolism 
(E), and cellular defense (V). For example, the mapping of 
genes to pathways like lactate fermentation and fatty acid 
biosynthesis suggests mechanisms for energy production 
and membrane stability, which are crucial for survival 
under stress conditions. These pathways also play a role 
in producing metabolites that can benefit the host, such 
as short-chain fatty acids (SCFAs), which are known to 
modulate host immune responses and gut health.

Gene cluster and function
Acid resistance 

(low pH)

Salinity resistance

Resistance antibiotic 
gene

Metal resistance

Active removal 
of stress

934.600-935.601 (1.001 bp)
1212217-1213884 (1.667 bp)
4.514.096-4.515.397 (1.301 bp)
2.813.569-2.814.783 (1.214 bp)
5.983.238-5.984.488 (1.250 bp)
5.019.688-5.021.175 (1.487 bp)
6.038.168-6.039.604 (1.436bp)
5.955.222-5.955.953 (731 bp)
5.958.975-5.960.561(1.586 bp)
1.495.129-1.496.043 (914 bp)
936.525-939.104 (2.579 bp)
2.379.118-2.380.062 (944 bp)
1.375.508-1.378.270 (2.762 bp)
5.693.063-5.695.483 (2.420 bp)
207.482-207.679 (197 bp)
2964184-2965290 (1.106 bp)
692.736-693.848 (1.112 bp)
949.282-950.019 (737 bp)

rpoS (RNA polymerase, sigma S (sigma 38) factor
actP (acetate/glycolate/cation symporter)
Ndh (NADH:quinone oxidoreductase)
gltS (Sodium/glutamate symporter)
arcA (Arginine deiminase)
trpE (Anthranilate synthase component 1)
glnA (Glutamine synthetase)
ompR (DNA-binding transcriptional dual regulator OmpR)
gshA (Glutamate--cysteine ligase)
cysK (Cysteine synthase)
mutS (DNA mismatch repair protein MutS
vanB (Vanillate O-demethylase oxidoreductase)
gyrA (DNA gyrase subunit A)
gyrB (DNA gyrase subunit B)
copZ (Copper chaperone CopZ)
Zwf (Glucose-6-phosphate 1-dehydrogenase)
spG (="(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase (flavodoxin)
fpr (Ferredoxin/flavodoxin---NADP+ reductase)

Name and gene product Locus/size

Table 1. Results of eggNOG annotation related to probiotic characteristic genes of P. alcaligenes SG03
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Figure 1. Results of analysis of clusters of orthologous groups of proteins (COGs) P.  alcaligenes SG03
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Figure 2. Analysis results of the kyoto encyclopedia of genes and genomes (KEGG) P. alcaligenes SG03

Table 1 lists several genes in P. alcaligenes SG03 
associated with probiotic traits, including acid resistance, 
salinity tolerance, antibiotic resistance, metal resistance, 
and stress removal. Acid Resistance Genes: Genes such 
as rpoS (RNA polymerase sigma factor, 1,001 bp) and 
arcA (arginine deiminase, 1,250 bp) play critical roles in 
acid tolerance. For instance, arcA is involved in arginine 
metabolism, which not only aids in acid resistance but 
also contributes to energy production through the arginine 
deiminase pathway. This pathway converts arginine to 
ornithine, ammonia, and CO₂, generating ATP and helping 
the cell maintain pH homeostasis under acidic conditions. 
Salinity Tolerance Genes: Genes like gshA (glutamate-
cysteine ligase, 1,586 bp) and cysK(cysteine synthase, 
914 bp) are involved in the synthesis of glutathione, a key 
molecule in oxidative stress defense and osmoprotection. 
Glutathione helps mitigate the effects of high salinity by 
stabilizing cellular proteins and membranes, which is 
essential for survival in saline environments. Antibiotic 
Resistance Genes: The presence of gyrA (DNA gyrase 
subunit A, 2,762 bp) and gyrB (DNA gyrase subunit 
B, 2,420 bp) suggests mechanisms for DNA repair and 
replication under stress. However, the strain's sensitivity 
to tetracycline, amoxicillin, cefixime, streptomycin, 
and chloramphenicol (Table 2) indicates a low risk 
of transferring antibiotic-resistance genes, making it 
a safer probiotic candidate. Metal Resistance Genes: 
Genes such as copZ (copper chaperone, 197 bp) and 
zwf (glucose-6-phosphate dehydrogenase, 1,106 bp) 

suggest mechanisms for detoxifying heavy metals, 
which could enhance survival in polluted environments. 
For example, copZ helps sequester excess copper ions, 
preventing cellular damage. Stress Removal Genes: 
Genes like spG (flavodoxin synthase, 1,112 bp) and fpr 
(ferredoxin-NADP+reductase, 737 bp) are involved in 
oxidative stress responses, further supporting the strain’s 
resilience. These genes play a role in neutralizing reactive 
oxygen species (ROS), which are byproducts of metabolic 
processes and environmental stressors.

The osmotolerance test, conducted using glucose 
concentrations of 4%, 6%, 8%, and 10%, revealed that 
the highest cell density was achieved at 20% glucose, 
except at the 18-hour mark (density = 0.99). As glucose 
concentration increased, cell density decreased (Figure 3). 
This suggests that P. alcaligenes SG03 is better adapted 
to moderate osmolarity, which is consistent with the 
conditions found in many host environments. Compared 
to other probiotic strains, such as Lactobacillus spp., 
which typically thrive at lower osmolarity, P. alcaligenes 
SG03 demonstrates a broader tolerance range, making 
it suitable for diverse applications.

The autoaggregation test on P. alcaligenes SG03 isolate 
showed aggregation ability along with the incubation time. 
After 18 hours of incubation, the density reached 0.78, 
which increased to 0.82 at 24 hours, with a significant 
rise at 48 hours, reaching 0.13. The autoaggregation data 
for P. alcaligenes SG03 isolate can be seen in Figure 4.
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Antibiotic

Tetracyclin
Penicillin
Amoxicillin
Cefixime
Streptomycin
Chloramphenicol

18,55
0,00
19.24
18.62
20,43
18,66

20,55
0,00
22,32
20,65
22,62
22,66

25,33
0,00
25,54
22,33
25,62
25,62

Very strong
No activity
Very strong
Very strong
Very strong
Very strong

Sensitive
Resistance
Sensitive
Sensitive
Sensitive
Sensitive

Clear zone (mm) / hours
Ke-18 Ke-24 Ke-48

Antibiotic 
activity

Resistance 
classification

Table 2. Antibiotic resistance testing, proteolytic, lipolytic, and hemolytic activities of P. alcaligenes SG03

Control

4%

6%

8%

10%

18h

3

a

c

b
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1

0
24h

Incubation period (hours)

O
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O
D
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48h

Figure 3. Results of osmotolerance test of P. alcaligenes SG03 isolates with various glucose concentrations. The average values with 
different letters indicate significant differences (p<0.05) based on the DMRT test

0
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a
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Figure 4. Autoaggregation test of P. alcaligenes SG03 isolates with incubation time. The average values with different letters indicate 
significant differences (p<0.05) based on the DMRT test
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The temperature tolerance test, conducted at 25°C, 
30°C, 37°C, and 42°C, identified 30°C as the optimal 
temperature, with cell densities of 1.27 (18 hours), 
1.47 (24 hours), and 1.74 (48 hours) (Figure 5). This 
range is suitable for probiotics used in shrimp farming, 
where water temperatures typically range from 25°C to 
35°C. The strain’s ability to thrive at 30°C aligns with 
the environmental conditions of aquaculture systems, 
suggesting its potential as a probiotic in this field.

The resistance test to NaCl concentration was conducted 
with various concentrations of 2%, 4%, and 6%, along 
with different incubation times. Based on the results, it 
was observed that as the NaCl concentration increased, 

the CFU of P. alcaligenes SG03 decreased. The 2% NaCl 
concentration resulted in the highest CFU: 15.33×1012 
(18 hours), 18.33×1012 (24 hours), and 20.33×1012 (48 
hours). The resistance data for the P. alcaligenes SG03 
isolate can be seen in Figure 6.

The NaCl resistance test showed that P. alcaligenes 
SG03 exhibited the highest colony-forming units (CFU) 
at 2% NaCl, with values of 15.33×10¹² (18 hours), 
18.33×10¹² (24 hours), and 20.33×10¹² (48 hours). As 
NaCl concentration increased, CFU decreased (Figure 6). 
Similarly, the bile salt resistance test revealed that 0.1% 
bile salt yielded the highest CFU, with values of 15.67×10¹² 
(18 hours), 21.33×10¹² (24 hours), and 27.00×10¹² (48 
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hours) (Figure 7). These results indicate that P. alcaligenes 
SG03 can tolerate moderate levels of NaCl and bile salts, 
which are critical for surviving the harsh conditions of 
the gastrointestinal tract. Compared to other probiotic 
strains, such as Bacillus subtilis, which typically tolerate 
higher bile salt concentrations, P. alcaligenes SG03 shows 
comparable resilience, making it a promising candidate 
for gut-related applications.

The pH resistance test was conducted with various pH 
levels of 2, 3, 4, and 5, along with different incubation 
times. The results showed that as the pH increased, the 
CFU of P. alcaligenes SG03 also increased. pH 5 was 
found to be the optimal pH, with CFU values of 8.67×1012 
(18 hours), 14.67×1012 (24 hours), and 20×1012 (48 hours). 

This suggests that the strain can survive in mildly acidic 
environments, which is a desirable trait for probiotics 
intended to colonize the host’s digestive system. The 
effect of pH on the CFU of P. alcaligenes SG03 can be 
seen in Figure 8.

The bioactivity assay was conducted to assess the 
antioxidant and anti-inflammatory activities produced 
by P. alcaligenes SG03. The results showed that as the 
incubation time increased, both antioxidant and anti-
inflammatory activities of P. alcaligenes SG03 also 
increased. After 48 hours of incubation, the highest 
antioxidant activity (53.00%) and anti-inflammatory 
activity (60.33%) were observed. These activities are likely 
mediated by the production of bioactive metabolites, such 
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as exopolysaccharides (EPS) or enzymes like superoxide 
dismutase (SOD), which neutralize free radicals and 
modulate inflammatory pathways. The strain’s ability 
to enhance antioxidant and anti-inflammatory responses 
highlights its potential for applications in functional foods 
and therapeutics. The antioxidant and anti-inflammatory 
activity data for P. alcaligenes SG03 can be seen in Figure 
9.

The antibiotic resistance test showed that P. alcaligenes 
SG03 is sensitive to tetracycline, amoxicillin, cefixime, 
streptomycin, and chloramphenicol (Table 2). This 
sensitivity reduces the risk of horizontal gene transfer, 
making the strain a safer probiotic candidate. Additionally, 
the strain exhibited proteolytic activity but lacked lipolytic 
and hemolytic properties (Table 3). The proteolytic activity 
suggests the production of enzymes like proteases, which 
can aid in nutrient acquisition and host digestion. The 
absence of lipolytic and hemolytic activities further 
supports the strain’s safety profile, as these traits are 
often associated with pathogenic potential.

Based on the test results, P. alcaligenes SG03 
is sensitive to Tetracycline, Amoxicillin, Cefixime, 
Streptomycin, and Chloramphenicol. Additionally, tests 
were conducted for proteolytic, lipolytic activities, and 
hemolysis. The results showed that P. alcaligenes SG03 
exhibits proteolytic activity but does not have lipolytic 
or hemolytic properties.

4. Discussion

	P. alcaligenes SG03 holds great potential as 
a probiotic in shrimp farming due to its ability to 
enhance health and resistance to pathogens. One of 
its main capabilities is the production of antimicrobial 
compounds, such as bacteriocins and lipopeptides, 
which effectively inhibit the growth of pathogens like 
Vibrio spp. This is particularly important in shrimp 
farming, where bacterial infections often cause 
significant losses (Oni et al. 2022). However, while 
genome analysis suggests the presence of genes like 
bacA and lpa for these compounds, experimental 
validation is needed to confirm their production and 
efficacy. Additionally, P. alcaligenes SG03 improves 
digestion through proteolytic enzymes, though 
lipolytic activity was not observed, contrasting with 
other probiotics like Bacillus subtilis (Lestari et al. 
2024). Further studies are required to confirm its role 
in nutrient absorption and SCFA production, as these 
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benefits are well-documented in Lactobacillus spp. 
but less so in Pseudomonas species (Rauf et al. 2022). 
By improving digestive efficiency, this bacterium can 
contribute to the overall growth and health of shrimp. 
P. alcaligenes SG03 also produces short-chain fatty 
acids (SCFAs) through fermentation, which serve as an 
energy source and have anti-inflammatory effects that 
support gastrointestinal integrity (Mezo et al. 2022).

Probiotic-related genes in P. alcaligenes SG03 can 
be analyzed using COGs and KEGG to understand 
their biological functions. COGs categorize genes into 
functional groups, such as Carbohydrate Metabolism 
(G) and Amino Acid Metabolism (E). At the same time, 
KEGG maps genes to specific metabolic pathways like 
lactate fermentation and fatty acid biosynthesis. For 
example, genes involved in lactate fermentation can be 
linked to energy metabolism pathways, illustrating how 
P. alcaligenes SG03 generates lactic acid as a primary 
metabolic product. This functional annotation provides 
insights into the strain’s probiotic mechanisms, such 
as its ability to modulate microbiota health and host 
immune responses. Additionally, genes involved in 
antimicrobial peptide production can be mapped to 
pathways in KEGG, highlighting their role in pathogen 
inhibition. The antimicrobial activity of P. alcaligenes 
SG03 is a key feature of its probiotic application. 
Genes involved in bacteriocin and lipopeptide 
biosynthesis enable it to combat pathogens like Vibrio 
spp. and Aeromonas spp. (Dimkić et al. 2022). While 
these genomic predictions are promising, biochemical 
assays are necessary to confirm the production and 
functionality of these compounds. Bacteriocins disrupt 
cell wall synthesis, while lipopeptides disrupt bacterial 
membranes, leading to cell death (Lakshmanan et al. 
2020). Additionally, P. alcaligenes SG03 stimulates 
immune responses, such as hemocyte activity and 
cytokine production, though these claims require 
further experimental validation. Comparative studies 
with other probiotics could highlight its unique 
advantages in immune modulation (Kwon et al. 2021).

Genes involved in exopolysaccharide (EPS) 
synthesis, such as epsB and epsC, enhance the probiotic 
potential of P. alcaligenes SG03 by promoting biofilm 
formation and gut colonization (Boopathi et al. 2022). 
These biofilms protect the bacteria from environmental 
stress and strengthen the epithelial barrier, the first line 
of defense against pathogens. Additionally, EPS can 
modulate the mucosal immune response by enhancing 
mucin secretion, which is essential for maintaining gut 

integrity. This mechanism is particularly beneficial in 
shrimp farming, where gut health is critical for disease 
resistance. P. alcaligenes SG03’s ability to withstand 
high salinity is mediated by genes like otsA (trehalose 
biosynthesis) and proC (proline biosynthesis), which 
protect cells from osmotic stress (Phour et al. 2020; 
Aboyadak et al. 2024). These adaptations are crucial 
for survival in shrimp farming environments, where 
salinity levels can fluctuate. Additionally, ion transport 
mechanisms, regulated by genes like nhaA, help 
maintain ionic balance under high salinity. Comparing 
these traits with other probiotics, such as Lactobacillus 
spp., which are less salt-tolerant, underscores the 
competitive advantage of P. alcaligenes SG03 in 
aquaculture.

Acid resistance genes, such as rpoS and arcA, enable 
P. alcaligenes SG03 to survive in low pH conditions. 
The rpoS gene regulates stress response genes, while 
arcA is involved in the arginine deiminase pathway, 
which generates ATP and aids pH regulation (Hall et al. 
2018; Li et al. 2020). These mechanisms are essential 
for the strain’s survival in acidic environments, such 
as the shrimp digestive tract. Comparative studies 
with other probiotics could further highlight its 
resilience under acidic conditions. In addition to acid 
resistance, P. alcaligenes SG03 exhibits resistance to 
antibiotics, heavy metals, and oxidative stress. Genes 
like gshA and cysK enhance glutathione production, 
protecting cells from oxidative damage (Vasoya et al. 
2019). The copZ gene regulates copper homeostasis, 
while zwf produces NADPH to counteract oxidation 
caused by heavy metals (Sada et al. 2022; Rebelo et al. 
2023). These traits, combined with its ability to form 
biofilms, make P. alcaligenes SG03 highly resilient 
to environmental stress. This study demonstrates 
that P. alcaligenes SG03 holds promising potential 
as a probiotic with several desirable characteristics. 
Osmotolerance testing revealed optimal growth at 4% 
glucose, while temperature tolerance testing identified 
30°C as the optimal temperature. The strain also 
exhibited high CFU counts at 2% NaCl and 0.1% bile 
salt, demonstrating its resilience in harsh conditions. 
Bioactivity testing showed increasing antioxidant 
(53.00%) and anti-inflammatory (60.33%) activities 
over time, highlighting its potential for functional 
applications. However, further experimental validation 
is needed to confirm its antimicrobial compound 
production and immune-stimulating properties.
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