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ARTICLE INFO ABSTRACT

Avrticle History: The role of potassium as an essential macromineral in enhancing the growth and
Received: Aug. 20, 2025 survival of Pacific white shrimp (Litopenaeus vannamei, Boone 1931) in
Accepted: Nov. 8, 2025  freshwater systems has been widely studied. However, its role in osmoregulation
Online: Dec. 4, 2025 and physiological responses under freshwater conditions remains to be
investigated. This study aimed to determine the optimal potassium concentration

for improving growth performance, survival rate, cannibalism, osmotic gradient,

Keywords: and blood glucose levels in L. vannamei. The experiment was conducted over 56
Blood glucose, q . | 5 hri ith nitial lenath of
Cannibalism ays using post-larvae (PL 21) shrimp with an initia average length o
. ’ . 2.1+0.01cm and weight of 0.05 + 0.05g. A completely randomized design (CRD)

Litopenaeus vannamei ; X . .
with four treatments and three replicates was employed in 12 aquaria (50 L each),

Post-larvae, . . . . . .
Osmoregulation and each aquarium was filled with 50 shrimps. Potassium chloride (KCI) was
Potassium ' added at varying concentrations as follows: Treatment A (22.02 mg-L? K%),

Treatment B (44.04 mg-L! K*), Treatment C (66.06 mg-L* K*), and Treatment D
(88.08 mg-L? K*). The salinity was adjusted to 2 gL by adding sodium,
magnesium, calcium, and potassium at concentrations of 608.7, 78.26, 23.18, and
22.02 mg-L%, respectively. The addition of potassium to freshwater significantly
affected shrimp growth, survival, feed efficiency (FE), cannibalism rate, blood
glucose levels, and osmotic workload (P<0.05). At a potassium concentration of
66.06 mg-L!, growth increased, with an average body weight (ABW) of 5.39 +
0.346g, specific growth rate (SGR) of 5.688 + 0.408%, feed efficiency (FE) of
72.69 + 8.5%, and survival rate (SR) of 68.67 + 4.16%. The osmotic gradient
(GO) decreased by 0.044 + 0.036 mOsm L' H-0, blood glucose (BG) was 234 +
3.8ug- g', and cannibalism rate (CR) was 2.31 + 2.3%. The novelty of this
research lies in demonstrating the critical role of potassium in maintaining
electrolyte balance and osmoregulation in shrimp. Specifically, potassium in the
form of K" ions, supplied as potassium chloride (KCI) in the maintenance
medium, can optimize nerve function and metabolism. This optimization
contributes to a reduction in oxidative stress and ion imbalance, which are factors
that can trigger aggressive behavior. With reduced stress, shrimp exhibit lower
levels of aggression and cannibalism. Efficient metabolism and optimal ion
balance allow shrimp to focus on growth and feed intake rather than engaging in
cannibalistic behavior.
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INTRODUCTION

The Pacific white shrimp (Litopenaeus vannamei, Boone) is a euryhaline
osmoregulator crustacean capable of adapting to a wide range of salinities. Like other
crustacean species, its life cycle is strongly influenced by salinity, which regulates the
osmotic balance between intracellular and extracellular fluids (Anggoro et al., 2018).
While this species can survive in environments ranging from freshwater to seawater, the
limited mineral content in freshwater systems often restricts its optimal growth and
development (Cahyanurani & Edy, 2022; Scabra et al., 2023). Recent studies have
demonstrated the feasibility of cultivating L. vannamei in low-salinity and even
freshwater conditions (Marlina et al., 2018; Ariadi et al., 2019).

A significant advantage of freshwater cultivation is the reduced risk of viral and
bacterial infections that commonly occur in brackish water systems. Febriani et al.
(2018) reported that L. vannamei reared in low-salinity environments exhibited enhanced
resistance to MSSV (Monodon Slow Growth Syndrome Virus) infections. However, the
balance of macrominerals, particularly sodium (Na), magnesium (Mg), calcium (Ca), and
potassium (K), remains critical for shrimp growth and survival in these systems (Boyd
2018; Widigdo et al., 2019; Supono et al., 2023).

These essential minerals, which are abundant in seawater and brackish water, play
vital roles in osmoregulation, molting, and post-molting processes (Widigdo et al., 2019;
Supono et al., 2023). In freshwater systems, mineral deficiencies can lead to
physiological impairments, including muscle cramps, molting difficulties, stunted
growth, increased stress, and elevated mortality rates. As Sharma et al. (2023)
emphasized, minerals are crucial organic components that support metabolic functions
and provide structural material for bones, teeth, and exoskeletons. Among these,
potassium (K) is particularly important, as it is required in substantial quantities both in
water and in feed.

Anggoro et al. (2018) observed that extreme salinity fluctuations induce stress in
shrimp, leading to high mortality rates. Under such conditions, shrimp expend excessive
energy on osmoregulation, diverting resources away from growth. The primary challenge
in freshwater L. vannamei farming is therefore maintaining adequate macromineral levels
to support normal physiological functions and growth.

Previous studies have established the importance of potassium in low-salinity and
freshwater systems not only for growth and survival but also for overall shrimp health
(Roy et al., 2007; Kaligis., 2015; Mcgraw & Scarpa, 2016). However, the physiological
responses to potassium deficiency particularly in terms of cannibalism and blood glucose
levels as stress indicators remain insufficiently explored. This study aims to address this
gap by examining how potassium supplementation in freshwater systems influences
cannibalism rates and stress responses in L. vannamei.
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Therefore, this study is designed to evaluate the role of potassium in relation to
stress indicators by examining the percentage of cannibalism and blood glucose as
indicators of stress due to potassium deficiency.

MATERIALS AND METHODS

Shrimp collection and experimental setup

The study utilized 12 aerated aquaria (50 L capacity each), each aquarium was
filled with 50 shrimps lined with black plastic to minimize external stress. Post-larval
shrimp (PL21) of Litopenaeus vannamei with an average length of 2.1+0.0l1cm and
weight of 0.05+£0.05g were obtained from the Marine Research Center (MRC) Laboratory,
Kalianda, South Lampung, Indonesia - a Technical Research and Development unit of PT
Central Proteina Prima, Indonesia (Fig. 1). The macromineral used for water modification
included NaCl, MgO, CaCOs, and KCI.

T: Central Proteina

Tbk - Hatchery..

% Garut

Fig. 1. Geographical location of PT Central Proteina Prima, Kalianda, South Lampung,
Indonesia

Experimental design

A completely randomized design (CRD) was implemented, in which the tank
served as the experimental unit. Four potassium treatment concentrations were tested,
each with three tank replicates. Freshwater was adjusted to 2 g-L' salinity following
Boyd (2018), with baseline mineral concentrations of Na* 608.7 mg-L™!, Mg?" 78.26
mg L™, Ca* 23.18 mg-L', and K* 22.02 mg-L'. Water was renewed at a rate of 5-10%
per day, and shrimp were fed three times daily (08:00, 14:00, and 20:00) at 3-5% of
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biomass using a commercial feed containing 30% crude protein. Treatments were
established by supplementing potassium (K*) at different concentrations (Table 1).
Table 1. Mineral concentrations (mg-L1) across experimental treatments

Mineral Treatments

A B C D
Na 608.7 608.7 608.7 608.7
Mg 78.26 78.26 78.26 78.26
Ca 23.18 23.18 23.18 23.18
K 22.02 44,04 66.06 88.08

Growth parameters

Weekly measurements of 20 randomly selected shrimp per aquarium were
conducted for 56 days. Growth metrics were calculated as follows:

The growth parameters were measured as per the methodologies described by
Huisman (1976), Tacon (1987), Effendi (2002) and Hseu et al. (2023).

Weight gain (g-shrimp™) = final weight (g) — initial weight (g).

Ln final wit—Ln initial wt

Specific growth rate (SGR %-day™) SGR = Gare X100
Survival rate (SR); SR( %) = % X 100

Cannibalism rate
Observations of the level of cannibalism are known from the number of dead
shrimps based on the shape of the body which is no longer intact.

CR (%) =CR = (Initial count — Final live — Carcasses) % 100

Initial count

{weight gaint mortality weight)

Feed efficiency; FE (%) =

% 10004

total feed given (g)

Physiological parameters

Physiological measurements were conducted following established protocols from
Wedemeyer and Yasutake (1977), Ferraris et al. (1986) and Anggoro (1992).

Blood glucose levels (nug-g™) were measured from blood samples collected using
a 1mL syringe containing heparin as an anticoagulant. Glucose concentrations were
quantified spectrophotometrically using a Spektro UV-Vis Carry 100 instrument, with

calculations performed according to the equation of Wedemeyer and Yasutake (1977).
BG — Abszorben sample
" Absorben standard

The osmotic gradient was determined as the differential between shrimp hemolymph and
media osmolarity.
GO (mOsm-L* H2 O) = [Posm hemolymph - Posm 0smolarity media]

xglucose standard
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Osmotic workload was calculated according to Ferraris et al. (1986) and Anggoro
(1992), representing the energy expenditure required for osmoregulation.

Statistical analysis

All data were analyzed using SPSS v29 with one-way ANOVA (a = 0.05);
normality and homogeneity tests were performed beforehand, and if significantly
different, Duncan's test was used (Steel & Torrie, 1993). The data were presented in
tables and graphs. The physical and chemical parameters of the water were analyzed
descriptively.

RESULTS

Growth parameters

The experiments conducted focused on optimizing potassium in freshwater media
on growth performance, osmoregulation systems and physiology of Pacific shrimp (L.
vannamei). The results showed that external environmental factors significantly
influenced the growth and physiological system of shrimp (P<0.05) (Table 2).

Table 2. Observed parameters of potassium concentration treatments on Pacific white
shrimp (Litopenaeus vannamei) reared in freshwater media

Treatment potassium concentrations (mg-L™?)

Parameter A B C D

(22.02 mg-L'Y)  (44.04 mg-LY)  66.06 mg-LY)  88.08 mg-L?
ABW 1.773+0.211*  1.727+0.611° 5.394+0.346°  4.090+0.631¢
SGR 3.432 +0.595°  4.642 +0.101®  5.688 +0.408°  5.349 +0.368°

FE 44.49+2.712 62.15+10.88° 72.69+1.85° 63.26 +£9.71P

SR 50.67 + 5.032 57.33+3.05° 68.67+4.16° 60.00+2.00°

Cannibalism 45.33+3.062 18.67+4.16° 2.31+2.31°¢ 4.00+0.00¢

Blood glucose 400+1.0° 33045.5° 234+3.8° 246+4.4°

GO 0.356+0.0272  0.140+0.051°  0.044+0.036°  0.121+0.015°

Notes: Different superscript letters for P< 0.05.
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Adding different concentrations of potassium to the water had a significant effect
on the average body weight (ABW), specific growth rate (SGR), feed efficiency (FE),
survival rate (SR), osmotic gradient (GO), cannibalism rate (CR), and blood glucose
(BG) of Pacific shrimp (P< 0.05). Overall, a potassium concentration of 66.06 mg-L!
was optimal, yielding the highest ABW (5.394 * 0.346g), SGR (5.688 + 0.408%), FE
(72.69 £ 1.85%), and SR (68.67 + 4.16%) during the 56-day cultivation period (Fig. 1 &
Table 2). At the same concentration, physiological parameters were also most favorable,
producing the lowest GO (0.044 + 0.036 mOsm-L! H.0), BG (234 + 3.8 ug-g™!), and CR
(2.31 £ 2.31%) (Fig. 3 & Table 2).

Water quality was managed by removing waste and feed residues from the culture
media twice daily, in the morning and evening, to maintain conditions suitable for Pacific
shrimp. The results of water quality measurements over the 56-day cultivation period
with the addition of macrominerals are presented in Table (3).

Table 3. Water quality parameters during maintenance

Parameter Treatment of Potassium Concentration Addition (mg.L™)
A (22.02) B (44.04) C (66.06) D (88.08) Pustaka

Suhu (°C) 24-30 24-29 24-29 24-29 29-30 (Boyd, 2018)
Ph 6.7-7.6 6.4-7.8 6.6-7.9 6.8-7.8 7-8.5 (Supono, 2022)
DO (mg.L™Y) 5.6-5.8 5.4-5.8 5.6-5.9 5.4-5.9 <4 (Supono, 2022)
Alkalinitas 114.56- 119.59- 119.8- 119.9- 100-200 (Boyd, 2018)
(mg.L™ CaCO3)  166.47 166.47 176.42 187.42

DISCUSSION

The potassium mineralization process can reduce aggression and cannibalism in
shrimp through several physiological and environmental mechanisms. Potassium plays an
important role in maintaining electrolyte balance and osmoregulation in shrimp, which
helps reduce stress. Low stress levels reduce shrimp aggression, thereby reducing the
likelihood of cannibalism. At the molecular level, the Na-K-ATPase enzyme plays a vital
role in transporting electrolyte fluids for ion balance within the body, through the
neuroendocrine nervous system, which facilitates the osmoregulation process to maintain
homeostasis (Liu Z et al., 2018).

The ABW and SGR values at the addition of potassium concentration of 22.02
mg-L! were the lowest values (1.773 £ 0.211g and 3.432 + 0.595%) (Fig. 2A, B, and
Table 2). This occurred because the shrimp carried out an osmoregulation process to
adjust the physiological system due to the difference between body fluids and the
environment, which required large amounts of energy. This can be seen from Fig. (3A)



1644 Marlina et al., 2025

and Table (2) (0.356 £ 0.027 mOsmol-L™" H20). As a result, energy was not stored for
growth.

Harsa et al. (2020) stated that macrominerals such as Na*, Mg?*, K*, and Ca?" are
involved in osmoregulation through the activation of Na*/K*-ATPase, allowing shrimp to
conserve energy that can be redirected toward growth. Furthermore, Aruna and Felix
(2017) highlighted the role of potassium as a vital ion in lipid, protein, and carbohydrate
metabolism, functioning as a cofactor in various enzymatic and metabolic processes that
contribute to improved growth and survival.

The addition of potassium to the culture medium had a significant effect on the
specific growth rate (SGR) of Pacific white shrimp (P < 0.05) (Fig. 2A & Table 2). This
indicates that potassium, as a macromineral, is absorbed through the gills and skin via
semipermeable membranes and acts as a driver for Na*/K*-ATPase activity, which
facilitates daily growth (Supono et al., 2023). Moreover, Aruna and Felix (2017)
emphasized that deficiencies in essential ions such as Na* and K* serve as limiting factors
for shrimp growth and survival.

According to Fig. (3A), the treatment with 66.06 mg-L™' potassium yielded the
lowest osmotic gradient (GO), indicating greater energy conservation. This energy
savings enhances feed utilization efficiency, which can then be directed toward growth
(McGraw & Scarpa, 2016); Scabra et al. (2023) stated that under isoosmotic conditions,
where shrimp body fluids are in balance with the surrounding medium, energy
expenditure is minimized and metabolic processes can be focused on growth. Truong et
al. (2023) also confirmed that minerals in the water can be absorbed through the
integument, gills, and intestines, facilitating more efficient nutrient absorption.

The analysis of variance (Table 2) revealed that increasing potassium levels in the
medium significantly affected the survival rate of Pacific shrimp. The highest survival
rate (68.67 = 4.167%) was observed in the treatment with 66.06 mg-L™' potassium,
whereas the lowest survival rate occurred at 22.02 mg-L ™! potassium (Fig. 2D).

Potassium plays an essential role in regulating body fluid electrolytes, activating
Na'/K*-ATPase, aiding ion transport, osmoregulation, and maintaining extracellular fluid
volume (Supono et al., 2023). This enables shrimp to efficiently absorb nutrients and
conserve energy for growth and survival (Syakirin, 2018).

The highest percentage of cannibalism (45.33 + 3.06%) was recorded at 22.02
mg-L™! potassium, while the lowest (2.31 + 2.31%) occurred at 66.06 mg-L™! potassium
(Fig. 3C). The potassium mineralization process can reduce aggression and cannibalism
in shrimp through several physiological and environmental mechanisms. Potassium plays
an important role in maintaining electrolyte balance and osmoregulation in shrimp, which
helps reduce stress. Low GO analysis shows that the expression profile of the
neuroendocrine system is activated under stimulation, and monoamine neurotransmitters,
including dopamine and serotonin, are released to modulate osmoregulation (Table 2).
Factors contributing to cannibalism include size heterogeneity, stocking density,
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competition for food, molting, and environmental conditions. Rakhmawati et al. (2019)
and Zhu et al. (2024) reported that cannibalism leads to deformities, mortality, and
considerable economic losses in shrimp production. Potassium assumes a critical role in
the post-molting phase, thereby impacting the survival rate of vannamei shrimp (Nehru
et al., 2018; Widigdo et al., 2019).

In crustaceans, cannibalism is often driven by aggressive behavior associated with
decreased serotonin and increased cortisol levels in the brain. Safitrah et al. (2020)
suggested that adequate intake of the amino acid tryptophan, which binds serotonin, can
suppress shrimp aggression, particularly during molting. In addition to nutritional factors,
environmental minerals such as potassium influence physiological and behavioral
responses in shrimp. Potassium, which acts as a neural conductor, plays a significant role
in both cellular and behavioral regulation. Li et al. (2019) explained that increased
aggressiveness in crustaceans is associated with environmental stress and salinity
fluctuations. They also noted that maintaining ion homeostasis under isoosmotic
conditions stimulates dopamine and serotonin release in the brain, thereby reducing
aggressiveness.

Nutrient utilization in shrimp is closely related to energy demands for physiological
functions. The study showed that potassium macromineral supplementation improves
feed utilization efficiency (Fig. 2C). Physiologically, blood glucose levels serve as stress
indicators in shrimp. The analysis of variance revealed that potassium supplementation
significantly affected shrimp blood glucose levels (P< 0.05) (Table 2). Glucose levels
decreased with increasing potassium concentrations across treatments, indicating a
homeostatic state was achieved (Fig. 3B).

Macrominerals that regulate osmolarity include essential cations such as Mg?*, Ca*",
K*, as well as SO+*, Na*, and CI". These ions contribute to the osmotic pressure of
hemolymph by regulating semipermeable membranes and stabilizing osmotic loads
caused by salinity variations. Magnesium stabilizes ATP activity in Na'/K*-ATPase
function, while potassium ions act as intracellular electrolytes critical for maintaining
osmoregulatory balance (Anggoro et al., 2018).

Potassium supplementation in freshwater media or shrimp feed can increase
aquaculture productivity without having to increase chemical inputs that damage the
environment. By optimizing this mineral requirement, shrimp farming can be more
efficient and environmentally friendly, supporting the sustainable aspects of fisheries.
This approach also reduces the risk of farming failure due to osmotic stress and mineral
deficiencies, thereby helping to maintain the balance of the aquaculture ecosystem.

The addition of 100 mg-L™" potassium can increase the growth and survival rate of
vannamei shrimp at a salinity of 5 g-L™'. Thus, the addition of potassium as an essential
mineral in shrimp life is highly necessary (Supono et al., 2020). Several studies reported
that potassium requirements for Litopenaeus vannamei in low-salinity or freshwater
conditions typically range from 50 to 80 mg-L™', indicating that our results fall within the



1646 Marlina et al., 2025

reported optimal range. In addition, we included a more detailed discussion on potential
environmental interactions—such as water hardness, calcium—magnesium balance, and
overall ionic composition—that may influence K" uptake and osmoregulatory
performance. Additionally, we discussed possible dietary interactions, including the role
of dietary K* and other minerals that might compensate or interact with waterborne
potassium. These revisions provide a more comprehensive context for interpreting the
optimal K* concentration in our study. Potassium deficiency can lead to molting failure,
muscle cramping, and high mortality. As an essential ion, potassium supports growth,
survival, and osmoregulatory functions in both fish and crustaceans. It also plays a vital
role in lipid, protein, and carbohydrate metabolism by acting as a cofactor in numerous
enzymatic and metabolic processes (Aruna & Felix, 2017; Veeranjaneyulu &
Krishnaveni, 2018).

During the maintenance process, water quality management was carried out by
siphoning every morning and evening. The media water quality parameters (temperature,
pH, ammonia, alkalinity, DO) were still within the tolerable range for shrimp growth
(Table 3). Based on the research results, the temperature ranged from 24-29 °C, pH 7-9,
ammonia 0.05 mg-L™', alkalinity 114.56-187.42 mg-L~' CaCOs, and DO 5.6-5.9 mg-L".
The data are still in accordance with Boyd et al. (2018) and Supono (2022), where the
range of water quality parameters is suitable for the growth of vannamei shrimp.

CONCLUSION

Supplementation of 66.06 mg-L™' K* in freshwater media improves growth
performance, stabilizes osmoregulatory function, and reduces stress responses, providing
a clear and actionable guideline for inland shrimp culture

REFERENCES

Anggoro, S. (1992). Osmotic effects of different levels of media salinity on egg
hatchability and larval vitality of tiger shrimp, Penaeus monodon Fabricius.
Dissertation, IPB University, Bogor, Indonesia, 127 pp.

Anggoro, S.; Suprapto, D. and Purwanti, F. (2018). Osmoregulation pattern of
fingerling vanname shrimp (Litopenaeus vannamei) rearing in three molt stage
iso-osmotic. Journal of Marine Sciences, 23(3), 119-122.
https://doi.org/10.14710/ik.ijjms.23.3

Aruna and Felix. (2017). The effect of ionic concentration of low saline waters on
growth characteristics of Penaeus vannamei. Fisheries and Aquatic Studies, 5(3),
73-76.

Ariadi, H.; Fadjar, M. and Mahmudi, M. (2019). Financial feasibility analysis of
shrimp vannamei (Litopenaeus vannamei) culture in intensive aquaculture system



https://doi.org/10.14710/ik.ijms.23.3

1647

Potassium Optimization Enhances Osmoregulation in Litopenaeus vannamei

low salinity. ECSOFIM: Journal of Economic and Social of Fisheries and
Marine, 07(01), 81-94. https://doi.org/10.21776/ub.ecsofim.2019.007.01.08

Boyd, C.E. (2018). Revisiting ionic imbalance in low-salinity shrimp aquaculture. Global
Aquaculture Advocate, 4 pp.

Cahyanurani, A.B. and Edy, M.H. (2022). Performance of intensive vannamei
(Litopenaeus vannamei) culture at low salinity. Depik Journal of Aquatic, Coastal
and Fisheries Sciences, 11(3), 257-264.

David, H.; Hisham, A.; Harsha, G.A.; Annita, K.; lan, B.; Benjamin, B. and Luke,
R. (2023). Evaluation of agueous magnesium concentration on the performance of
Pacific white shrimp (Litopenaeus vannamei) cultured in low salinity water of
West Alabama, USA. Comparative Biochemistry and Physiology, 256(10), 30—39.
https://doi.org/10.1016/j.aquaculture.2022.739133

Effendi. (2002). Introduction to Aquaculture. PT Penebar Swadaya, Depok, 278 pp.

Febriani, D.; Marlina, E. and Oktaviana, A. (2018). Total hemocytes of Pacific white
shrimp (Litopenaeus vannamei) cultured at a salinity of 10 ppt in various stocking
densities. Aquaculture Science, 3(1), 100-107.
https://doi.org/10.31093/joas.v3i1.35

Ferraris, R.F.; EstePa, F.D.P.; Ladja, J.M. and Jesus, E.G. (1986). Effect of salinity
on the osmotic, chloride, total protein, and calcium concentrations in the
hemolymph of the prawn Penaeus monodon (Fabricius). Comparative
Biochemistry and Physiology Part A: Physiology, 83(4), 701-708.
https://doi.org/10.1016/0300-9629(86)90713-9

Harsa, S.C.; Arachichige, G.; Roy, L.A. and Davis, D.A. (2020). Evaluation of an
alternative salt mixture to culture Pacific white shrimp (Litopenaeus vannamei) in
inland aquaculture. Aquaculture Research, 1(2), 1-9.
https://doi.org/10.1111/are.14691

Hseu, J.R.; Luc, F.l1.; Sud, H.M.; Wange, L.S.; Tsaie, C.L. and Hwang, P.P. (2023).
Effect of exogenous tryptophan on cannibalism, survival and growth in juvenile
grouper. Aquaculture, 9(3), 1-12. https://doi.org/10.1016/S0044-8486(02)00503-
3

Huisman, E.A. (1976). Food conversion efficiencies at maintenance and production
levels for carp Cyprinus carpio Linn. and rainbow trout Salmo gairdneri Rich.
Aquaculture, 9(2), 159-273. https://doi.org/10.1016/0044-8486(76)90068-5

Kaligis, E. (2015). Growth response of white shrimp (Litopenaeus vannamei) reared in
low salinity medium fed different protein and calcium levels. Journal of Tropical
Marine Science and Technology, 7(1), 225-234.
https://doi.org/10.29244/jitkt.v7i1.9808

Li, J.; Xu, X.; Li, W. and Zhang, X. (2019). Linking energy metabolism and locomotor
variation with osmoregulation in the Chinese shrimp Fenneropenaeus chinensis.



https://doi.org/10.21776/ub.ecsofim.2019.007.01.08
https://doi.org/10.1016/j.aquaculture.2022.739133
https://doi.org/10.31093/joas.v3i1.35
https://doi.org/10.1016/0300-9629(86)90713-9
https://doi.org/10.1111/are.14691
https://doi.org/10.1016/S0044-8486(02)00503-3
https://doi.org/10.1016/S0044-8486(02)00503-3
https://doi.org/10.1016/0044-8486(76)90068-5
https://doi.org/10.29244/jitkt.v7i1.9808

1648 Marlina et al., 2025

Comparative  Biochemistry and Physiology Part B, 234, 58-67.
https://doi.org/10.1016/j.cbpb.2019.05.006

Liu, Z.; Zhi, Z.; Lingling, W.; Meijia, L.; Wang, W.; Yi, Q.; Shu, H. and Linsheng,
S. (2018). Dopamine and serotonin modulate free amino acids production and
Na+/K+ Pump activity in Chinese mitten crab Eriocheir sinensis Under Acute
Salinity Stress. Frontiers in Physiology, 9, 1080.
https://doi.org/10.3389/fphys.2018.01080

Marlina, E.; Hartono, D.P. and Panjaitan, 1. (2018). Optimal stocking density of
vannamei shrimp Litopenaeus vannamei at low salinity using spherical tarpaulin
pond. Proceedings of the First International Conference on Applied Science and
Technology (iCAST 2018), 298, 44-47.

Mcgraw, W. J. and ScarPa, J. (2016). Minimum environmental potassium for survival
of Pacific white shrimp Litopenaeus vannamei (Boone) in freshwater. Journal of
Shellfish Research, 22(1), 263-267.

Mulyani, A.; Mulyanto, B.; Barus, B.; Panuju, D. R. and Husnain. (2023). Potential
land reserves for agriculture in Indonesia: suitability and legal aspect Supporting
food sufficiency. Land, 12(5), 970. https://doi.org/10.3390/land12050970

Porchas, M.M. and Cordova, L.R.M. (2012). World Aquaculture: Environmental
impacts and troubleshooting alternatives. The Scientific World Journal, 2012,
389623. https://doi.org/10.1100/2012/389623

Rakhmawati; Marlina, E. and Warji. (2019). Efficacy of dietary supplementation of
banana peel meal on growth and cannibalism level of giant freshwater Prawn
(Macrobrachium rosenbergii). I0P Conf. Series: Earth and Environmental
Science, 537, 012037. https://doi.org/10.1088/1755-1315/537/1/012037

Roy, L.A.; Davis, D.A.; Saoud, I.P. and Henry, R.P. (2007). Effects of varying levels
of aqueous potassium and magnesium on survival, growth, and respiration of the
Pacific white shrimp, Litopenaeus vannamei, reared in low salinity waters.
Aquaculture, 262(2-4), 461-4609.
https://doi.org/10.1016/j.aquaculture.2006.10.011

Scabra, A.R.; Marzuki, M. and Alhijrah, M.R. (2023). Addition of calcium carbonate
(CaCO3) and magnesium sulfate (MgSO4) to vannamei shrimp (Litopenaeus
vannamei) rearing media in fresh water. Jurnal Biologi Tropis, 23, 392-401.
https://doi.org/10.29303/jbt.v23i1.4461

Sharma, K.; Gulati, R.; Singh, S. and Bamel, K. (2023). Effect of zinc concentration
on the growth performance of white leg shrimp, Litopenaeus vannamei Boone.
Journal of Applied Natural Science, 15(1), 289-296.
https://doi.org/10.31018/jans.v15i1.3969

Sonjaya, R.S.R.; Faizah, M.N.; Haryanti, R.T.P.; Nafi’ah, K.I.; Laksmidewi, N.P.;
Mubarak, S.; Amin, M. and Husnacahya, Y. (2022). Artificial seawater use of
bittern minerals on the survival and growth of vannamei Shrimp (Litopenaeus



https://doi.org/10.1016/j.cbpb.2019.05.006
https://doi.org/10.3389/fphys.2018.01080
https://doi.org/10.3390/land12050970
https://doi.org/10.1100/2012/389623
https://doi.org/10.1088/1755-1315/537/1/012037
https://doi.org/10.1016/j.aquaculture.2006.10.011
https://doi.org/10.29303/jbt.v23i1.4461
https://doi.org/10.31018/jans.v15i1.3969

1649

Potassium Optimization Enhances Osmoregulation in Litopenaeus vannamei

vannamei) and potential resources. Journal of Aquaculture Science, 37(1), 1-10.
https://doi.org/10.20473/joas.v10i2.61984

Steel, R.G.D. and Torrie, J.H. (1993). Prinsip dan Prosedur Statistika: Suatu
Pendekatan Biometrik. (Sumantri, B., Trans.). Gramedia Pustaka Utama, Jakarta,
432 pp.

Supono; Suari, P.l. and Sarida, M. (2020). Effect of additional mineral of potassium
(K) in low salinity culture media on performance of Vaname Shrimp Litopenaeus
vannamei. Jurnal Agraqua, 20(2), 339-346.
https://doi.org/10.32663/ja.v20i1.2947

Supono; Nurdiyanti, L. and Fidyandini, H.P. (2023). Effect of different ratios of
sodium and potassium on the growth and survival rate of Pacific white shrimp
(Litopenaeus vannamei) cultured in freshwater. Bioflux, 16(1), 128-134.

Safitrah, L.; Setyowati, D.N. and Astriana, B.H. (2020). Effectiveness of Kepok
banana peel extract (Musa balbisiana Colla) to reduce cannibalism in vaname
shrimp (Litopenaeus vannamei). Journal Marine Science and Technology, 13(1),
36-44. https://doi.org/10.21107/jk.v13i1.5941

Syakirin, M.B. (2018). Optimization of osmotic work rate in order to increase grouper
production (Epinephelus fuscoguttatus-lanceolatus). Dissertation, Universitas
Diponegoro, 126 pp.

Tacon, A.G. (1987). The Nutrition and Feeding of Farmed Fish and Shrimp-A Training
Manual. FAO of The United Nations, Brasilia, Brazil, 106-109 pp.

Truong, H. H.; Hines, B. M.; Emerenciano, M. G.; Blyth, D.; Berry, S.; Noble, T.
H.; Bourne, N. A.; Wade, N.; Rombenso, A. N. and Simon, C. J. (2023).
Mineral nutrition in Penaeid shrimp. Reviews in Aquaculture, 15(4), 1355-1373.
https://doi.org/10.1111/rag.12780

Veeranjaneyulu, K. and Krishnaveni, G. (2018). Role of minerals supplementation on
growth and survival of Litopenaeus vannamei in low salinity water. International
Journal of Current Microbiology and Applied Sciences, 7(12), 3041-3058.
https://doi.org/10.20546/ijcmas.2018.712.349

Wang, X.; Erchao, L.; Xu, Z.; Li, T.; Xu, C. and Chen, L. (2017). Molecular response
of carbohydrate metabolism to dietary carbohydrate and acute low salinity stress
in Pacific white shrimp Litopenaeus vannamei. Turkish Journal of Fisheries and
Aquatic Sciences, 17, 153-169. https://doi.org/10.4194/1303-2712-v17 1 18

Wedemeyer, G.A. and Yasutke. (1977). Clinical methods for the assessment of the
effect of environmental stress on fish health. Technical paper of The US
Department of the Interior Fish and the Wildlife Service, 89, 1-18.

Widigdo, B.; Wiyoto, W.; Ekasari, J.; Isnansetyo, A. and Adam, A. (2019).
Correlation of major mineral properties in brackish water ponds environment and
Pacific white shrimp Litopenaeus vannamei survival, growth, and production.



https://doi.org/10.20473/joas.v10i2.61984
https://doi.org/10.32663/ja.v20i1.2947
https://doi.org/10.21107/jk.v13i1.5941
https://doi.org/10.1111/raq.12780
https://doi.org/10.20546/ijcmas.2018.712.349
https://doi.org/10.4194/1303-2712-v17_1_18

1650 Marlina et al., 2025

Turkish Journal of Environmental Science and Technology, 12(1), 38-46.
https://doi.org/10.3923/jest.2019.38.46

William, J.M. and Scarpa, J. (2003). Minimum environmental potassium for survival of
Pacific white shrimp Litopenaeus vannamei (BOONE) in freshwater. Journal of
Shellfish Research, 22(1), 263-267.

Zhang, X.; Jin, M.; Luo, J.; Xie, S.; Guo, C.; Zhu, T.; Hu, X.; Yuan, Y. and Zhou,
Q. (2022). Effects of dietary carbohydrate levels on the growth and glucose
metabolism of juvenile swimming crabs, Portunus trituberculatus. Aquaculture
Nutrition, 2022, 7110052. https://doi.org/10.1155/2022/7110052

Zhu, B.; Wang, Z.; Li, Y.; Shan, H.; Liu, D. and Dong, S. (2024). Morphological and
structural analysis of Penaeus vannamei mandibles and an attempt at real-time
cannibalism monitoring based on passive acoustics. Aquaculture Reports, 37,
102199. https://doi.org/10.1016/j.aqrep.2024.102199



https://doi.org/10.3923/jest.2019.38.46
https://doi.org/10.1155/2022/7110052
https://doi.org/10.1016/j.aqrep.2024.102199

