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ABSTRACT

Decreasing the salinity of the water in the cultivation shrimp disease outbreaks, sluggish development, and mortality. 
Rainfall, water pollution, and climate change lower salinity. Thus, efforts to enhance tiger shrimp that can survive 
high salinity changes must be anticipated. This study will examine the effect of adding Solanum ferox and Zingiber 
zerumbet extracts to diet to improve tiger shrimp adaption at 10, 15, and 20‰ salinities. Penaeus monodon (0.017 ± 
0.005 g) were randomly dispersed into nine boxes (1×0.5×0.8 m3) with 200 shrimp per container and three replicates 
per group. The shrimp were fed 1:1 extract, S. ferox (400 ppm), and Z. zerumbet (200 ppm) for 40 days. The study 
found that adding 5 mL of extract to the feed significantly increases shrimp body weight, weight gain, and specific 
growth rate at different salinities (P<0.05). The difference in salinity remained 100% in all treatments on the 40th 
day of culture (P>0.05). At salinities of 10 and 15‰, the total bacteria and Vibrio bacteria in culture media and 
shrimp were lower than at 20‰ (P<0.05). Administration of the extract enhances P. monodon adaption at difference 
salinities. Research suggests that adding 5 mL of a S. ferox and Z. zerumbet extract to shrimp feed improves growth, 
survival, and reduces bacteria and Vibrio in media and shrimp bodies at salinities of 10-20‰.

Keywords: adaptation, salinities, Solanum ferox, tiger shrimp, Zingiber zerumbet

ABSTRAK

Penurunan salinitas air media budidaya memicu terjadinya penyakit, perkembangan yang lambat, dan kematian pada 
udang budidaya. Curah hujan, polusi air, dan perubahan iklim menurunkan salinitas. Oleh karena itu, upaya untuk 
memperkuat ketahanan udang windu yang dapat hidup dari perubahan salinitas tinggi perlu diantisipasi. Studi ini akan 
menguji pengaruh penambahan ekstrak Solanum ferox dan Zingiber zerumbet ke dalam pakan untuk meningkatkan 
adaptasi udang windu pada salinitas 10, 15, dan 20‰. Penaeus monodon (0.017 ± 0.005 g) didistribusikan secara 
acak ke dalam sembilan kotak container (1×0,5×0.8 m3) dengan 200 udang per wadah dan tiga ulangan per kelompok. 
Udang diberi makan ekstrak gabungan S. ferox (400 ppm), dan Z. zerumbet (200 ppm) perbandingan 1:1, selama 40 
hari. Studi ini menghasilkan data, bahwa penambahan 5 mL ekstrak ke pakan secara signifikan meningkatkan berat 
badan udang, pertambahan berat badan, dan laju pertumbuhan spesifik udang yang dipelihara pada salinitas yang 
berbeda (P<0.05). Perbedaan salinitas tetap menghasilkan kelangsungan hidup 100% pada semua perlakuan pada hari 
ke-40 budidaya (P>0.05). Pada salinitas 10 dan 15‰, jumlah bakteri total dan bakteri Vibrio dalam media kultur dan 
tubuh udang lebih rendah dibandingkan pada salinitas 20‰ (P<0.05). Pemberian ekstrak meningkatkan adaptasi P. 
monodon pada berbagai salinitas. Penelitian menunjukkan bahwa penambahan 5 mL ekstrak gabungan S. ferox dan Z. 
zerumbet ke pakan udang meningkatkan pertumbuhan, kelangsungan hidup, dan mengurangi total bakteri serta bakteri 
Vibrio dalam media dan tubuh udang yang dipelihara pada salinitas 10-20‰.

Kata kunci: adaptasi, salinitas, Solanum ferox, udang windu, Zingiber zerumbet
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INTRODUCTION

Penaeus monodon is the most widely 
cultivated type of shrimp in traditional ponds in 
East Kalimantan (Hardi et al., 2023a; 2023b). The 
decline in tiger shrimp pond productivity has been 
caused by many factors, diseases, low growth, and 
decrease in water quality, especially fluctuating 
salinity (Ye et al., 2009; Jaffer et al., 2020; Rahi 
et al., 2021). Water salinity is an important factor 
for tiger shrimp in ponds, affecting growth and 
molting cycles, and this is closely related to the 
success of aquaculture (Brito et al., 2000; Hardi 
et al., 2023a; 2023b; Jaffer et al., 2020; Liu et al., 
2022). Low salinity also prevents the growth of 
bacteria and can lessen the virulence of diseases 
like Vibrio and WSSV (Naim, 2012).

Tiger shrimp are typically cultured in water 
with salinities ranging from 20 to 25‰ (Rahi et al., 
2021), however the Mahakam Delta waters now 
have salinities between 8-20‰, and adjusting the 
water’s salinity is a highly challenging procedure 
because it is tide-dependent. Because of this, 
efforts must be made to ensure that the seeds of 
grown tiger shrimp are capable of withstanding a 
variety of salinities. Raising tiger shrimp at low 
salinity will have an impact on poor performance 
(Cui & Chui, 2017), slow growth, immunity, 
survivability, and overall biological processes 
(Rahi et al., 2021; Buranajitpirom et al., 2010), 
which will have an impact on osmotic control 
(Mugwanya et al., 2022).

The success of the speed of adaptation of tiger 
shrimp larvae at low salinity is very important 
for the success of cultivation. Providing feed 
supplements can help improve health and increase 
the acceleration of shrimp adaptation. Plant 
extracts of Solanum ferox, Zingiber zerumbet, 
and Boesenbergia pandurata have positive effects 
on fish health management as prebiotics (Hardi 
et al., 2022c); adjuvants (Hardi et al., 2019a); 
antiparasitic (Hardi et al., 2022b); antibacterial 
(Hardi et al., 2021; 2018a; 2018b; Hardanu, 
2022); and immunostimulants for fish (Hardi et 
al., 2021; 2019b; 2019c; 2018a; 2018b; 2017), 
white shrimp (Hardi et al., 2022a; Umma et al., 
2024), tiger shrimp (Hardi et al., 2022a; 2023a), 
and crabs (Hardi et al., 2025). In this study, the 
administration of S. ferox and Z. zerumbet to tiger 
shrimp reared at salinities of 10, 15, and 20 ‰ 
will be tried in an effort to evaluate the growth, 
survival rate, and bacteria content of tiger shrimp 
in ponds with water conditions that have a wide 
range of salinity.

MATERIALS AND METHODS

Experimental Shrimp
Individual juvenile tiger shrimp (0.017 ± 

0.005 g) with an average length of 1 ± 0.01 cm, 
shrimp post larval stage (PL 22), originating from 
the Manggar fish hatchery, Balikpapan. A total of 
2000 juveniles were collected from the hatchery 
for these shrimp larvae, which were transported 
in ten different plastic bags (with 200 individuals 
in each bag) with oxygen provided. The salinity 
in the transport bag is 20‰ (the same salinity 
maintained in the hatchery for grow-out).

The shrimp were initially housed in two box 
(salinity 20‰) with a stocking density of 1,000 
in one box that measured 75×45×32 cm3, and 
they were given aeration. The shrimp were fed 
artemia and flakes six times a day during the 
acclimatization procedure, which lasted seven 
days. When the shrimp are prepared, they are 
moved to the maintenance vessel, which is a 
container tub, to start the aeration process.

Adaptation to differences in salinity media
The shrimp were transferred to a 60×70 cm2 

container, filled with 20‰ of seawater and fresh 
water from a drilled well. To obtain a treatment 
medium that is in accordance with the desired 
salinity, it is diluted with fresh water. Dilution is 
carried out based on the formula used (Dara et al., 
2024) as follows:

Note:
V		  = Fresh and sea water volume (L) 
M		  = Initial water salinity (‰) 
V2		 = Salinity of water after dilution (L) 
M2	 = Desired salinity (‰)

Tiger shrimp maintenance began with a three 
days acclimatization phase, followed by a gradual 
adaptation process that involved gradually 
lowering the salinity of the seawater in accordance 
with the therapy. For instance, using the formula, 
the drop in water salinity from an initial salinity 
of 15% is decreased to 10% (Dara et al., 2024). 
It took five days of salinity reduction before the 
water in the culture media reached the level of 
salinity required for the treatment. Prior to the 
maintenance of tiger shrimp, an acclimatization 
process was carried out for three hours, then 
a gradual adaptation process was carried out 
by steadily lowering the salinity of saltwater 
according to the treatment. 
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For example, the decrease in water salinity 
from an initial salinity of 15‰ is decreased to 
10‰ using the formula utilized. The procedure 
of lowering salinity was carried out for five days 
until the water in the culture medium had the 
salinity required by the treatment. The change 
of water during the acclimation phase is carried 
out at 25% of the total volume three times a week 
and is carried out at 07.00 pm, and water quality 
is checked. Water quality measurements were 
carried out before the water change at 06.00 pm 
and the next measurement after the water change 
was carried out at 06.00 am.

Shrimp feeding
Feeding was given six times delivering as 

much as 5% of the weight of the shrimp. The 
meal given is in the form of commercial feed in 
the form of Fishery Shrimp Flake (TOP®) 40% 
protein and Artemia (Supreme Plus®). Feeding is 
done at 07.00 pm, 08.00 pm, 12.00 am, 04.00 am, 
06.00 am, and 08.00 am. Artemia feeding was 
provided at 07.00 pm and 06.00 am. While giving 
flakes is done every four hours, every morning, 
evening, and night.

The procedure of blending S. ferox and Z. 
zerumbet by enhancing artemia and mixing it 
with flake feed, prior to feeding the artemia, soak 
it in 50 mL of S. ferox and Z. zerumbet solution 
and then dissolve it in 100 mL of water, and stir 
until uniformly distributed. Soak the artemia for 
30 minutes, then drain it and give it to the shrimp. 
The flake feed is blended with S. ferox and Z. 
zerumbet at a dose of 50 mL, then dissolved in 
100 mL of water, swirled until equally distributed, 
then sprayed on the flake feed using a syringe, air-
dried for 15 minutes, and then fed to the shrimp.

Shrimp Vibrio bacteria screening 
Shrimp larvae that were used in this research 

were screening Vibrio bacteria, and all larvae were 
free from Vibrio sp. detection using the isolation 
larvae in TCBSA medium and cultured at 37°C 
for 48 hours for evidence of growth. All shrimp 
samples must be free from Vibrio bacteria. 

Experimental
The experimental design used in this study 

was a completely randomized design (CRD), with 
each of the three treatments repeated three times. 
Thus, in this study, there were nine experimental 
units, and each unit contained 50 shrimp. The 
treatments in this study were as follows:

P0: Salinity 10‰, with the addition of S. ferox 

and Z. zerumbe 
P1: Salinity 15‰, with the addition of S. ferox 

and Z. zerumbet 
P2: Salinity 20‰, with the addition of S. ferox 

and Z. zerumbet 
A change of water media of as much as 50 % 

of the total volume is carried out three times a 
week at 8:00 pm, and air quality control is carried 
out. Water quality measurements were carried out 
before the water change at 07.00 am, and the next 
measurement after the water change was carried 
out at 05.00 am.

Research parameters
Growth and survival rate

Shrimp weight at the conclusion of the trial and 
shrimp weight gain served as the study’s primary 
metrics. The following calculating method is 
based on the formulas developed by Zeynali et al. 
(2020) and Hardi et al. (2023a; 2025):

Note:
Wg	 = Weight gain (g) 
Wt	 = Final body weight (g) 
W0	 = Initial body weight (g)
SGR	 = Specific growth rate
t	 = Research time (40 days)
SR	 = Survival rate (%)
Nt	 = Total final shrimp 
N0	 = Total initial shrimp

Isolation total bacteria and Vibrio sp. 
Each sample from each group research were 

rinsed thoroughly with sterile distilled water. 
Alongside the microbial evaluation of the sterile 
distilled water washing, the washed samples were 
also assessed for bacterial growth by mutilating, 
macerating, and smashing into the distilled water. 
Dilution and plating by spread plate method were 
carried out soon after sampling. Approximate 15 
mL of Plate Count Agar (PCA) for total bacteria 
and thiosulphate citrate bile salt sucrose (TCBS) 
Agar for Vibrio sp. detection. After inoculation, 
plates were inverted and placed in incubator at 
37°C for 48 hours for evidence of growth. A total 
six samples have been analyzed in terms of total 
bacteria and Vibrio sp. (Loo et al., 2022).
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Water quality monitoring 
Water quality factors such as dissolved oxygen, 

pH, salinity, ammonia (NH3), nitrate (NO3), 
nitrite (NO2), phosphorus (PO4), total organic 
matter, and alkalinity were assessed by The Water 
Quality Laboratory of the Faculty of Fisheries 
and Marine Sciences Faculty of Sciences, 
Mulawarman University, accredited by Indonesia 
number (KAN) LP-1074-IDN (from February 24, 
2021, until December 22, 2025). pengambilan 
dan preparasi sampel diambil oleh petugas dari 
Lab. Kualitas Air FPIK UNMUL sesuai dengan 
SNI : 6964.08:2015. Up until the forty-first day 
of the year, measurements are made every three 
days.

Data analysis
One-way analysis of variance (ANOVA) was 

used to analyze all experiment data, including 
survival, weight increase, specific growth rate, 
total bacteria, and total Vibrio sp. Duncan’s 
Multiple Range Test was then used to assess 
differences between treatments.

RESULT AND DISCUSSION

In 40 days, shrimp cultured in different salinity 
with S. ferox and Z. zerumbet supplement, were 
no significant differences (P>0.05) in final weight 
of shrimp (Figure 2), body weight gain (Figure 3), 
and specific growth rate (Figure 4). Tiger shrimp 

 

Figure 1. TOP® brand flake shrimp feed.

 

 

Figure 2. Average final weight of Shrimp culture in different salinity with S. ferox and Z. zerumbet application.

Figure 3. Weight gain of Shrimp culture in different salinity with S. ferox and Z. zerumbet application.
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were grown at 10‰ with the addition of S. ferox 
and Z. zerumbet, which resulted in a maximum 
weight gain (0.048 g) and higher average final 
weights and weight gains. Similar to daily growth, 
maintaining at a salinity of 10‰ while applying 
S. ferox and Z. zerumbet enhanced tiger shrimp 
SGR above other salinities; however, maintaining 
at other salinities while applying S. ferox and Z. 
zerumbet had no discernible impact on shrimp 
growth. Survival rates (Figure 5) of Shrimp larvae 
cultured in salinities of 10, 15, and 20‰ were 
100% and no significantly different (P>0.05). 

Examination of total bacteria and total Vibrio 
sp. on shrimp and rearing media was carried out 
at the beginning and end of the study. The results 
showed that raising shrimp at a salinity of 10 and 
15 ‰ and administering S. ferox and Z. zerumbet 
could suppress total bacterial growth (Table 1) in 

the shrimp’s body and was significantly different 
between salinities 20‰ (P<0.05). As well as the 
total bacteria in the culture media, maintenance 
with a different salinity from the application of S. 
ferox and Z. zerumbet has a total bacterium (Table 
1) that is up to 102 CFU/mL in 20‰ salinity. While 
the bacteria Vibrio sp. were not found growing on 
media or on tiger shrimp.

Discussion 
Several studies on the success of raising 

shrimp at low salinity depend heavily on their 
health conditions; healthy shrimp have a very fast 
adaptation ability and only take 3–4 days to get 
used to living at low salinity (Iber & Kasan, 2021). 
Research by Gao et al. (2016) and Pimentel et al. 
(2024) showed that when P. vannamei shrimp 
were reared at low salinity, only 30% of the 

 

 

Figure 4. Specific growth rate (%) of shrimp culture in different salinity with S. ferox and Z. zerumbet application.

Figure 5. Survival rate of shrimp culture in different salinity with S. ferox and Z. zerumbet application.

Table 1. Total counts and Vibrio sp. detection of shrimp culture in different salinity with S. ferox and Z. Zerumbet 
application.

Sample Shrimp Total count
(101 CFU/mL)

Water Total count
(101 CFU/mL)

Shrimp total Vibrio 
sp. (CFU/mL)

Water total Vibrio 
sp. (CFU/mL)

D0 D40 D0 D40 D0 D40 D0 D40
P0 2.02 ± 0.1a 11.0 ± 0.1a 1.00 ± 0.1a 230 ± 0.1b No No No No
P1 2.01 ± 0.1a 11.5 ± 0.2a 1.30 ± 0.1a 280 ± 0.2b No No No No
P2 2.02 ± 0.3a 13.0 ± 0.3b 1.20 ± 0.2a 350 ± 0.1c No No No No

Note: No, not growth. 
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shrimp could survive. Silva et al. (2022) stated 
that tiger shrimp reared at a salinity of 5–10‰ 
had a survival rate of 50%. Pimentel et al. (2024) 
further explained that L. vannamei shrimp can 
live 100% at a salinity of 5‰ through a gradual 
acclimation procedure.

The adaptation process of moving to low 
salinity is a determining factor for success. The 
adjustment in salinity in this study was carried 
out in stages within seven days by reducing the 
salinity of seawater from 25‰ to 10, 15, and 
20‰, resulting in a high survival rate of 100%. 
This process of gradual reduction in salinity 
provides enough time for the shrimp to be able 

to change the ionic concentration of the body to 
reach a stable condition (Pimentel et al., 2024). In 
this study, tiger shrimp reared at a salinity of 10–
20‰ with the addition of S. ferox and Z. zerumbet 
survived 100%. The gradual acclimatization 
process and administration of immunostimulants 
were a combination of stages that made this 
research successful. 

Valencia-Castañeda et al. (2019) study 
observed an increase in the survival of the 
same species after an acclimation period of 72 
hours. The gradual acclimatization process and 
administration of S. ferox and Z. zerumbet are the 
main factors in the 100% survival of these tiger 

Table 2. Water quality of shrimp culture.
Variable Groups Range value*

Temperature (°C)
P0 26.00-30.00
P1 26.50-30.00
P2 26.00-30.00

Dissolved Oxygen (mg/L)
P0 3.98-5.34
P1 3.35-4.48
P2 3.35-5.00

pH
P0 6.12-8.99
P1 6.55-7.38
P2 7.87-8.88

Salinity (‰)
P0 10.00
P1 15.00
P2 20.00

Ammonia (NH3) (mg/L)
P0 0.20-0.30
P1 0.22-0.40
P2 0.20-0.50

Nitrate (NO3) (mg/L)
P0 0.10-0.20
P1 0.10-0.20
P2 0.10-0.30

Nitrite (NO2) (mg/L)
P0 0.10-0.20
P1 0.05-0.10
P2 0.05-0.10

Phosphate (PO4) (mg/L)
P0 0.10-0.50
P1 0.10-0.50
P2 0.10-0.60

Total Organic Matter (mg/L)
P0 20.00-30.00
P1 15.00-28.00
P2 20.00-35.00

Alkalinity (mg/L)
P0 66.00-120.0
P1 78.00-120.0
P2 80.00-120.0

Reference: * Ndunguru et al. (2022).
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shrimp. In addition to reducing the influence of 
factors other than salinity and S. ferox and Z. 
zerumbet, this study implemented water changes 
taking into account the salinity in the rearing 
container so that water quality suitable for tiger 
shrimp was obtained (Rahi et al., 2021; Golder et 
al., 2022). Water quality includes DO 3-5 mg/L, 
recommended Alkalinity ≥100 mg/L, and in this 
treatment range, 66–120 mg/L (Pantjara et al., 
2024), and overall water quality in all cultivation 
media at a salinity of 10, 15, and 20‰ have 
appropriate ranges for tiger prawn cultivation.

Rahi et al. (2021) once reviewed that tiger 
shrimp reared at a salinity of <20‰ experienced 
a slowdown in growth, the number of deaths 
increased, and their susceptibility to infection 
increased, but this did not happen in this study, 
the average individual weight of P. monodon 
was reared at salinities of 10, 15, 20 ppt did 
not experience a difference in growth (P<0.05). 
This indicated that at low salinities <20‰ the 
shrimp could still grow well, administration 
of S. ferox and Z. zerumbet helped increase 
the immune system so that the shrimp were in 
healthy condition, physiologically stable, shrimp 
appetite is normal, metabolism is stable so growth 
remains good (Moshtaghi et al., 2018; Yilmaz 
and Goluch, 2021). Rearing at low salinity 
has beneficial effects in aquaculture, including 
breaking the chain of development of pathogens 
that usually attack shrimp, reducing the speed of 
growth of pathogens, and reducing the virulence 
of pathogens, so that actually rearing tiger shrimp 
at a salinity of <20‰ can be a solution to disease 
problems (Deris et al., 2020). Several species of 
shrimp, Panaeus sp., can adapt well to low salinity: 
P. vannamei, P. californiensis, P. brevirostris, and 
P. stylirostris (Ye et al., 2023). 

Maintenance at low salinity is actually believed 
to be a solution for tiger shrimp cultivation in 
ponds in the face of climate change, which causes 
fluctuations in water quality. Administration 
of plant extract as an immunomodulator is also 
effective in increasing the success of shrimp 
farming. S. ferox and Z. zerumbet been reported to 
increase the immune system of fish (Hardi et al., 
2021; 2018; 2019a,b,c; 2023), vannamei shrimp 
(Umma et al., 2024), and tiger shrimp (Hardi et 
al., 2022a). The results of this study showed that 
the difference in salinity of 5‰ did not show any 
significant difference in the growth and survival 
rate of tiger shrimp. The administration of S. 
ferox and Z. zerumbet helped increase shrimp 

adaptation while increasing growth, so that 
shrimp growth remained good even though the 
media salinity was low. 

Research on tiger shrimp showed that S. ferox 
and Z. zerumbet was able to suppress Vibrio sp. 
(Hardanu, 2022) and increase the total number of 
hemoglobin in tiger shrimp (Hardi et al., 2022a). 
Furthermore, Ye et al. (2009) and Reiser et al. 
(2017) reported that the growth of tiger shrimp 
was better in seawater with a salinity of >25‰, 
this was a factor in decreasing pond productivity 
due to a decrease in seawater salinity due to 
climate change. However, in this study, growth and 
survival did not differ at low and high salinities. 
Shrimp growth at low salinity is slower than that 
at ideal salinity. Additional research indicates 
that an isoosmotic environment substantially 
influences digestion and growth in fish (Faulana 
& Rohmah, 2025). Taqwa et al. (2011) stated that 
post larvae of Pacific white shrimp (Litopenaeus 
vannamei) cultivated in low salinity necessitate 
additional feed with enhanced protein to promote 
growth.

Another study showed that monodons survived 
and grew better when the salinity was over 20‰, 
but they did not test yields below 20‰ (Valencia-
Castañeda et al., 2019). Based on the findings of 
this study, it appears that low salinity does not 
seem to affect osmotic regulation as far as growth 
and survival rates in tiger shrimp are concerned. 
tiger shrimp growth in low-saline waters shows 
that salinity is not the only limiting factor for its 
growth. Although some researchers explain how 
salinity will affect growth and survival, lower 
salinity affects physiological stress because most 
of the shrimp’s energy is used in osmoregulation, 
limiting growth and preventing them from 
reaching commercial size.

CONCLUSION

The research results show that the average 
number of bacteria in the media and tiger shrimp 
is lower, and no Vibrio sp. are found growing. 
Shrimp growth and survival rate were stable in 
a 5‰ fluctuation salinity medium. This shows 
that the secondary metabolites of the extract are 
able to suppress bacterial growth, and the extracts 
of S. ferox and Z. zerumbet can help improve the 
adaptation of shrimp to live in a salinity range of 
5‰. Both extracts have the potential to be used 
in the cultivation of P. monodon culture in ponds 
with salinity fluctuations ranging from 10 to 20‰.



126 Esti Handayani Hardi et al. / Jurnal Akuakultur Indonesia 25 (1), 119–128 (2026)
126 Esti Handayani Hardi et al. / Jurnal Akuakultur Indonesia 25 (1), 119–128 (2026)

ACKNOWLEDGMENTS

The researchers express their gratitude for 
the assistance provided by the Directorate General 
of Higher Education, Research, and Technology, 
Ministry of Education, Culture, Research, and 
Technology, who generously sponsored our 
project with Grant Number 495/UN17.L1/
HK/2023. Acknowledgements are extended to 
the Peatland and Mangrove Restoration Agency 
of the Republic of Indonesia (BRGM RI), as well 
as the esteemed academic institutions, including 
Faculty of Fishery and Marine Science, Faculty 
of Forestry, Faculty of Agriculture, and Faculty 
of Law. Furthermore, gratitude is expressed to 
the dedicated lecturers and students who actively 
participated in this project in 2021 and 2022.

REFERENCES

Brito R, Chimal ME, Rosas C. 2000. Effect of 
salinity in survival, growth, and osmotic 
capacity of early juveniles of Farfantepenaeus 
brasiliensis (Decapoda: Penaeidae). Journal 
of Experimental Marine Biology and Ecology 
244: 253–263.

Buranajitpirom D, Asuvapongpatana S, 
Weerachatyanukul W, Wongprasert K, 
Namwong W, Poltana P, Withyachumnarnkul 
B. 2010. Adaptation of the black tiger shrimp, 
Penaeus monodon, to different salinities 
through an excretory function of the antennal 
gland. Cell and Tissue Research 340: 481–489.

Cui W, Chui TFM. 2017. Temporal variations 
in water quality in a brackish tidal pond: 
Implications for governing processes 
and management strategies. Journal of 
Environmental Management 193: 108–117. 

Dara A, Surianti S, Hasrianti H. 2024. Pengaruh 
salinitas yang berbeda terhadap kepadatan 
Thalassiosira sp. skala laboratorium. Journal 
of Fishery Science and Innovation 8: 70–77. 
(In Indonesian).

Deris ZM, Iehata S, Ikhwanuddin M, Sahimi 
MBMK, Do TD, Sorgeloos P, Sung YY, 
Wong LL. 2020. Immune and bacterial toxin 
genes expression in different giant tiger 
prawn, Penaeus monodon post-larvae stages 
following AHPND-causing strain of Vibrio 
parahaemolyticus challenge. Aquaculture 
Reports 16: 100248.

Faulana AF, Rohmah Z. 2025. Application of 
Barokah herb and salinity on the growth 
of Sangkuriang catfish Clarias gariepinus 

Burchell, 1822. Jurnal Akuakultur Indonesia 
24: 258–265.

Gao W, Tian L, Huang T, Yao M, Hu W, Xu 
Q. 2016. Effect of salinity on the growth 
performance, osmolarity and metabolism-
related gene expression in white shrimp 
Litopenaeus vannamei. Aquaculture Reports 
4: 125–129.

Golder MR, Zilany MK, Bir J, Huq KA, Kabir 
KA, Mamun-Ur-Rashid MM, Islam SS. 2022. 
Effect of different experimental diets and 
salinity on growth performance of Penaeus 
monodon. Bangladesh Journal of Fisheries 33: 
275–282. 

Hardanu. 2022. Penggunaan Produk Bioimun dan 
Fitoimun Sebagai Antibakterial untuk Bakteri 
Vibrio Secara In Vitro. Skripsi Fakultas 
Perikanan dan Ilmu Kelautan Universitas 
Mulawarman. (In Indonesian).

Hardi EH, Julpano A, Rahmawati W, Saptiani 
G, Reynalta R, Paramitha E, Julyantoro PGS, 
Koniyo, Y, Nugroho RA. 2025. Efficacy 
of plant extracts in enhancing growth and 
molting of crab (Scylla serrata) in a traditional 
pond system. The Egyptian Journal of Aquatic 
Research 51: 270–277.

Hardi EH, Nugroho RA, Agriandini M, Rizki 
M, Falah MEN, Almadi IF, Susmiyati HR, 
Diana R, Palupi NP, Saptiani G, Agustina, 
Asikin AN, Sukarti K. 2022a. Application 
of Phyto-Stimulants for Growth, Survival 
Rate, and Meat Quality Improvement of Tiger 
Shrimp (Penaeus monodon) Maintained in a 
Traditional Pond. Pathogens 11: 1243.

Hardi EH, Nugroho RA, Isnansetyo A, Agriandini 
M, Kusuma IW, Sidik AS. 2019a. Simultaneous 
Administration of Boesenbergia pandurata 
Extract and Vaccination to Stimulate Immune 
Response in Tilapia, Oreochromis niloticus. 
Pakistan Journal of Biological Sciences 22: 
419–426.

Hardi EH, Nugroho RA, Kusuma IW, Saptiani G, 
Agustina, Abinawanto A, Fujaya Y, Murtiyoso 
B., Winanto T, Nurhidaya N. 2022b. 
Antiparasitic Activity of Solanum ferox Extract 
and Concoction with Zingiber zerumbet and 
Boesenbergia pandurata Extracts to Control 
Argulus sp. on Goldfish (Cyprinus carpio). 
Aquacultura Indonesiana 23: 118–138. 

Hardi EH, Nugroho RA, Kusuma IW, Kusuma W, 
Apriza A. 2019c. Immunomodulatory effect 
and Disease resistance from concoction three 
of Borneo plant extracts in tilapia, Oreochromis 
niloticus. Aquacultura Indonesiana 20: 41–47. 



Esti Handayani Hardi et al. / Jurnal Akuakultur Indonesia 25 (1), 119–128 (2026) 127
Esti Handayani Hardi et al. / Jurnal Akuakultur Indonesia 25 (1), 119–128 (2026) 127

Hardi EH, Nugroho RA, Kusuma IW, Suwinarti 
W, Sudaryono A, Rostika R. 2019b. Borneo 
herbal plant extracts as a natural medication 
for prophylaxis and treatment of Aeromonas 
hydrophila and Pseudomonas fluorescens 
infection in tilapia (Oreochromis niloticus). 
F1000Research 7:1847.

Hardi EH, Nugroho RA, Rostika R, Mardliyah 
CM, Sukarti K, Rahayu W, Supriansyah A, 
Saptiani G. 2022c. Synbiotic application to 
enhance growth, immune system, and disease 
resistance toward bacterial infection in catfish 
(Clarias gariepinus). Aquaculture 549: 
737794.

Hardi EH, Saptiani G, Kusuma I, Suwinarti 
W, Sudaryono A. 2018b. Inhibition of fish 
bacteria pathogen in tilapia using a concoction 
three of Borneo plant extracts. IOP Conference 
Series Earth and Environmental Science 144: 
012015.

Hardi EH, Saptiani G, Kusuma IW, Suwinarti 
W, Nugroho RA. 2017. Immunomodulatory 
and antibacterial effects of Boesenbergia 
pandurata, Solanum ferox, and Zingiber 
zerumbet on tilapia, Oreochromis niloticus. 
AACL Bioflux 10: 182–183.

Hardi EH, Saptiani G, Nugroho RA, Rahman F, 
Sulistyawati S, Rahayu W, Supriansyah A, 
Kusuma IW. 2021. Boesenbergia pandurata 
application in Goldfish (Cyprinus carpio) 
Feed to Enhancing Fish Growth, Immunity 
System, and Resistance to Bacterial Infection. 
F1000Research 10: 766.

Hardi EH, Saptiani G, Nurkadina N, Kusuma 
IW, Suwinarti W. 2018a. In Vitro Test of 
Concoction Plant Extracts of Boesenbergia 
pandurata, Solanum ferox, Zingimber 
zerumbet. Jurnal Veteriner 19: 35–44.

Hardi EH, Susmiyati HR, Diana R, Palupi 
NP, Agriandini M, Saptiani G, Asikin AN, 
Agustina N. 2023a. Traditional polyculture 
as a mangrove restoration solution in Delta 
Mahakam, East Kalimantan Indonesia. IOP 
Conference Series Earth and Environmental 
Science, 1208: 012056. 

Hardi EH, Susmiyati HR, Diana R, Palupi 
NP, Agriandini M, Saptiani G, Asikin AN, 
Safitri MA, Sihite D, Agustina. 2023b. A 
Comparison of the Silvofishery Models for 
Mangrove Restoration in East Kalimantan. In 
Appolloni A, Caracciolo F, Ding Z, Gogas P, 
Huang G, Nartea G, Ngo T, Striełkowski W, 
Joshi S. Advances in Economics, Business and 
Management Research. pp. 614–626.

Iber BT, Kasan NA. 2021. Recent advances in 
Shrimp aquaculture wastewater management. 
Heliyon 7: e08283.

Jaffer YD, Saraswathy R, Ishfaq M, Jose Antony, 
Bundela DS, Sharma PC. 2020. Effect of low 
salinity on the growth and survival of juvenile 
pacific white shrimp, Penaeus vannamei: A 
revival. Aquaculture 515: 734561.

Liu Y, Wang B, Jiang K, Zhao Z, Liu M, Wang 
L. 2022. Effects of salinity training on 
growth performance, osmotic regulation, and 
pathogen resistance of post-larval Litopenaeus 
vannamei. Aquaculture 562: 738770.

Loo K, Law JW, Tan LT, Pusparajah P, 
Letchumanan V, Lee L. 2022. Diagnostic 
techniques for rapid detection of Vibrio 
species. Aquaculture 561: 738628.

Moshtaghi A, Rahi ML, Mather PB Hurwood 
DA. 2018. An investigation of gene expression 
pattern that contribute to osmoregulation in 
Macrobrachium australiense: Assessment of 
adaptive responses to different osmotic niches. 
Gene Reports 13: 76–83.

Mugwanya M, Dawood MAO, Kimera F, 
Sewilam H. 2022. Anthropogenic temperature 
fluctuations and their effect on aquaculture: 
A comprehensive review. Aquaculture and 
Fisheries 7: 223–243.

Naim S. 2012. Growth, Vibriosis, and 
Streptococcosis Management in Shrimp-
Tilapia Polyculture Systems, and the Role of 
Quorum Sensing Gene cqsS in Vibrio harveyi 
Virulence [Dissertation]. United States: The 
University of Arizona.  

Ndunguru S, Njau M, Lugendo BR. 2022. Effects 
of temperature and salinity on incubation 
time, hatching success, and larvae survival of 
the giant tiger prawn Penaeus monodon under 
experimental conditions. Tanzania Journal of 
Science 48: 435–446. 

Pantjara B, Novriadi R, Hendrajat EA, Herlinah 
H, Reynalta R, Prihadi TH, Kristanto AH, 
Syah R, Subagja J, Widyastuti YR, Saputra 
A, Radona D, Taukhid I. 2024. Juvenile 
production technology for tiger shrimp, 
Penaeus monodon, through different stocking 
density using a recirculation system. Journal of 
the World Aquaculture Society 55:1 25–132. 

Pimentel OLF, Schwarz MH, Van Senten 
J, Wasielesky W, Urick S, Carvalho A, 
McAlhaney E, Clarington J, Krummenauer D. 
2024. The super-intensive culture of Penaeus 
vannamei in low salinity water: A comparative 
study among recirculating aquaculture system, 



128 Esti Handayani Hardi et al. / Jurnal Akuakultur Indonesia 25 (1), 119–128 (2026)
128 Esti Handayani Hardi et al. / Jurnal Akuakultur Indonesia 25 (1), 119–128 (2026)

biofloc, and synbiotic systems. Aquaculture 
596: 741774. 

Rahi ML, Azad KN, Tabassum M, Irin HH, 
Hossain KS, Aziz D, Moshtaghi A, Hurwood 
DA. 2021. Effects of salinity on physiological, 
biochemical and gene expression parameters 
of black tiger shrimp (Penaeus monodon): 
Potential for farming in low-salinity 
environments. Biology 10: 1220.

Reiser S, Mues A, Herrmann J, Eckhardt A, 
Hufnagl M, Temming A. 2017. Salinity affects 
behavioral thermoregulation in a marine 
decapod crustacean. Journal of Sea Research 
128: 76–83.

Silva E, Calazans N, Soares M, Soares R, Peixoto 
S. 2022. Effect of salinity on survival, growth, 
food consumption and haemolymph osmolality 
of the pink shrimp Farfantepenaeus subtilis 
(Pérez-Farfante, 1967). Aquaculture 306: 
352–356.

Taqwa FH, Djokosetiyanto D, Affandi R. 2011. 
Substitution time of natural food by artificial 
diet on survival rate and growth of pacific white 
shrimp (Litopenaeus vannamei) postlarvae 
during rearing in low salinity media. Jurnal 
Akuakultur Indonesia 10: 38–43.

Umma I, Hardi EH, Agustina, Sulistyawati, 
Sumoharjo. 2024. Strengthening of vanname 
(Litopenaeus vannamei) seeds that are 
preserved in cement seeds through the 
application of Fitoimun®. Aquacultura 
Indonesiana 25: 1–5.

Valencia-Castañeda G, Frías-Espericueta MG, 
Vanegas-Pérez RC, Chávez-Sánchez M, Páez-
Osuna F. 2019. Toxicity of ammonia, nitrite 
and nitrate to Litopenaeus vannamei juveniles 
in low-salinity water in single and ternary 
exposure experiments and their environmental 
implications. Environmental Toxicology and 
Pharmacology 70: 103193.

Ye L, Jiang S, Zhu X, Yang Q, Wen W, Wu 
K. 2009. Effects of salinity on growth and 
energy budget of juvenile Penaeus monodon. 
Aquaculture 290: 140–144.

Ye Y, Zhu B, Zhang J, Yang Y, Tian J, Xu W, Du 
X, Huang Y, Li Y, Zhao Y. 2023. Comparison 
of growth performance and biochemical 
components between low-salinity-tolerant 
hybrid and normal variety of pacific white 
shrimp (Penaeus vannamei). Animals 13: 
2837.

Yilmaz T, Goluch ED. 2021. A comprehensive 
review of conventional techniques and 
biosensor systems developed for in situ 
detection of Vibrio cholerae. TrAC Trends in 
Analytical Chemistry 144: 116416.

Zeynali M, Bahabadi MN, Morshedi V, Ghasemi 
A, Mozanzadeh MT. 2020. Replacement of 
dietary fishmeal with Sargassum ilicifolium 
meal on growth, innate immunity and immune 
gene mRNA transcript abundance in Lates 
calcarifer juveniles. Aquaculture Nutrition 26: 
1657–1668.


