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Abstract. Indonesia is the potential international-scale lobster economic
activity due to the abundant supply of tropical lobster seeds Panulirus sp.,
however the lobster cultivation sector have still resulted in problems of low
survival during the rearing period. This study aimed to analyze the
expression levels of the HSP70 gene related to stress response in lobster
seeds exposed to formalin dose of LC70 for 1 h. Seeds were obtained from
catching lobsters at Ujung Genteng Beach, Sukabumi City, West Java
Province, with an average weight of 0.0254+0.004 g and a length of
2.331440.1549 cm. The observation parameters tested were the gene
expression and survival rates of the post-soaking lobsters. The results
showed that formalin immersion at a dose of 220 ppm on juvenile-stage
lobster seeds resulted in the death of 70% of the population and the ability
to express the stress gene HSP70 at different fitness levels were different
with the highest expression level found in fit condition lobster seeds was
2.949+0.420.

1 Introduction

Lobster is a high-value fishery commaodity with continuously increasing demand [1]. The
global market determines lobster prices based on size and weight, where lobsters weighing
over 1 kg each are priced at approximately 100 USD per kg, whereas those in the range of
300-900 grams per lobster are priced at 50 USD per kg [2]. According to FAO data [3], the
demand for this commodity reached 159,765 tons in 2013 and subsequently increased to
170,000 tons in 2014. This demand is projected to increase further by 10.1% in the period
2021-2026 [4]. Indonesia, endowed with an abundant tropical lobster seed supply, such as
pearl lobster (Panulirus ornatus) and sand lobster (P. homarus), has the potential to engage
in the international lobster economy [5].

To date, lobster production in Indonesia has been dominated by natural capture processes,
posing a threat to the sustainability of lobster populations. Consequently, government
regulations regarding lobster capture have emerged. According to the Minister of Marine
Affairs and Fisheries Regulation No. 1/PERMEN-KP/2015 and Circular Letter (SE) of the
Minister of Marine Affairs and Fisheries No. 18/2015 regarding lobster capture policies,
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lobster (Panulirus spp.), crab (Scylla spp.), and blue swimmer crabs (Portunus pelagicus,
spp.) can be captured if the carapace size is >8 cm or weighs 200 g/lobster, is not in an egg-
bearing condition, and proper documentation is maintained for each captured lobster.
Subsequently, this regulation was reinforced by the 2015 SE, specifying that lobsters eligible
for capture must weigh more than 200 g. Further clarification was made in 2016 with an
additional SE setting the minimum weight for capture at over 300 g. These policies have led
to an increase in lobster aquaculture [1].

Active research and development have been conducted to foster the lobster aquaculture
sector. However, current cultivation efforts face challenges, particularly the high mortality
rates of lobster seeds [6]. The mortality of the puerulus to juvenile lobster phase during
cultivation ranges from 50-80% [7]. Disease infections, including opportunistic bacterial,
viral, parasitic, and fungal infections, contribute significantly to the mortality rate [8].

Chemical screening processes have been widely applied in aquaculture to control the
spread of diseases. Screening involves selecting seeds based on their resistance to specific
unfavorable conditions before the cultivation process [9]. Introducing stress before seed
stocking improves resistance during cultivation [10]. Various methods and substances,
including the use of chemicals such as formalin, can be employed for stress induction.
Formalin serves as an antimicrobial agent, killing various microorganisms through protein
denaturation and disruption of normal biological functions [11]. Additionally, formalin is
prevalent in controlling fungal infections [12], virus inactivation [13], bacteria [14], and
parasites [15]. Formalin exposure during screening typically involves immersion for 30—60
minutes. Information on chemical dosage tolerance specific to each species in terms of size,
age, and treatment conditions is crucial before administering treatment, as excessive dosages
can lead to direct or indirect mortality 1-2 days after treatment [16]. The tolerance level of
chemically treated lobster seeds serves as an indicator of seed quality, as high-quality seeds
can withstand formalin content during immersion [17].

Differences in seed tolerance to chemical stress can be measured by observing stress
responses. The stress response is a reaction to stress that produces measurable alterations in
biochemical and physiological parameters due to changes in the condition of certain organs,
such as the gills, liver, and kidneys [18]. Stress due to exposure, such as the addition of
formalin, can be observed through three stages of response: primary, secondary, and tertiary
[10]. One type of primary response observed is an increase in steroid cortisol levels.
Secondary responses can be observed from changes in metabolic products, cell shape, and
the presence or amount of minerals in the body and body structure. The tertiary response
disrupts swimming ability and decreases growth rate.

Formalin disrupts homeostasis, indirectly causing a cellular response in the form of heat
shock protein (HSP) synthesis, aimed at maintaining body condition balance during stress
[19]. Homeostasis through gene expression can be observed at the HSP 70 gene expression
level, measured using quantitative real-time polymerase chain reaction (QRT-PCR) [20]. The
measurement of HSP 70 gene expression levels in this study aimed to depict the cellular
response of Panulirus sp. lobsters to chemical stress based on the number of expressed genes
at different fitness levels.

2 Material and methods

2.1 Preparation of tanks and test fish

The containers used in this study were five units of containers measuring 83 cm x 59 cm x
45.5 cm each. Before use, containers were washed with soap and rinsed thoroughly to ensure
cleanliness. The containers were allowed to dry for 3 days before being filled with water.
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After drying, the containers were filled with seawater to a height of 40.5 cm, with a total
volume of 200 L. The final step in tank preparation involved adding shelters as a refuge for
seedlings during the maintenance process.

The test fish were lobster seedlings obtained from lobster catches at Ujung Genteng
Beach, Sukabumi City, West Java Province, with an average weight of 0.0254+0.004 g and
an average length of 2.3314+0.1549 cm. The lobster seedlings were acclimated for seven
days. During the acclimatization process, the seedlings were fed with commercial shrimp
feed with a protein content of 41%, and the feeding frequency was twice a day at satiation.

2.2 Completeness of organs and seed uniformity

Organ completeness was assessed by directly assessing lobster performance. Lobsters with
incomplete body organs, tissue necrosis, and release of outer organs (autotomy) were
categorized as defective lobster seedlings. In contrast, lobsters with normal conditions and
no tissue damage were categorized as healthy lobster seedlings. The classification data for
the seedlings were converted into quantitative data using a numbering system. Length and
weight were measured using calipers and a digital scale (0.01 g). Seed uniformity was
assessed based on the standard deviation of each replicate. Thirty seedlings were used in this
process.

2.3 Determination of lethal concentration 70 for formalin exposure

The determination of LC70 involved setting a dose suspected to cause death in 70% of the
population within 1 h. LC70 in this study was used as an initial approach in species with
unknown survivability. The formalin doses used in this study were 150, 200, 210, 220, 230,
240, and 250 mg L. The use of these doses was based on an arithmetic series summing up
to ten and referring to the optimal formalin dose for tiger shrimp commodities [13]. The
exposure duration was based on a previous study [21]. LC70 dose testing was conducted in
nine containers, each containing 10 lobster seedlings. The containers measured 42 cm x 28
cm x19.5 cm with a volume of 15 L. LC70 exposure was conducted based on the optimal
dose capable of killing 70% of the population within 1 h. Three containers, each filled with
10 lobster seedlings, were used to test the effectiveness of LC70. During treatment, there was
no water exchange or feeding. Seedlings were sampled under specific conditions to determine
gene expression levels.

2.4 RNA isolation

Total RNA extraction was performed using the GENEzol™ Reagent kit (Geneaid, Taiwan),
following the manufacturer’s instructions. The samples used for RNA extraction were the
lobster hepatopancreas under formalin-stress and healthy conditions. Healthy lobsters
displayed responsiveness to movement and straight and closed tail conditions, while stressed
lobsters exhibited slow responses, clustering behavior, and a folded tail. Thirty lobsters were
sampled under stressed and healthy conditions to observe gene expression levels based on
fitness. The concentration and purity of the total RNA from the isolated samples were
analyzed using spectrophotometry and confirmed for quality using 1% agarose gel
electrophoresis.
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2.5 cDNA synthesis

cDNA was synthesized from 50 ng pL-1 total RNA using the RevertraAce® gPCR RT
Master mix with a gDNA remover kit (Toyobo, Japan) following the manual instructions
from 50 ng pL? total RNA. The synthesized cDNA was verified by amplification using
polymerase chain reaction (PCR). The cDNA samples were stored at -20 °C until analysis.

2.6 Gene expression analysis using real-time PCR

Gene expression in each sample was analyzed by quantitative real-time PCR (QRT-PCR) on
a Rotor Gene Machine (Corbett Research, USA). The PCR premix composition included 10
ML SensiFast SYBR NOROX (Bioline, UK), 0.8 pL forward and reverse primers (10 pM),
4.4 nuclease-free water, and 4 pL cDNA (5 ng pL?). The gene expression levels obtained
from the amplification process were processed using the Livak and Schmittgen (2001)
method. The gene expression levels were normalized using ELF-1q as an internal control for
RNA loading during cDNA synthesis. Primers used in this analysis are listed in Table 1.

Table 1. The primers utilized in the RT-PCR analysis.

Treatment Forward (5°-3’) Reverse (5°-3°)

HSP-70 [22] | ACATGAAACACTGGCCCTTC | CTCCTCTGGGTTGAAGGTCT

ELF-1[23] | CTGTGGTCTGGTTGGTGTTG | TCATTGCCCATGGTGATGACC
Note: heat-shock protein (HSP) 70; immune-related gene, ELF-1.

3 Results

The water quality measurements are presented in Table 2. The addition of formalin to the
immersion medium resulted in changes in several water quality parameters such as pH,
dissolved oxygen (DO), and salinity. The pH values obtained during the immersion period
ranged from 8.30 to 8.52, indicating alkaline conditions, with a pH above 7. The temperatures
of the maintenance container and treatment ranged from 26 °C to 27 °C. The salinity of the
medium was the range of 29-31 ppt. Salinity levels increased after the addition of formalin.

Table 2. Water parameters.

Parameter Control 0 Hours 1 Hours | Standard | Reference
Temperature (°C) | 27.27+0.153 | 26.70+0.30 | 26.70+0.25 | 25-302 [24]
pH 8.30+0.06 8.42+0.13 | 8.52+0.05 | 6.6-8.7° [25]
Salinity (ppt) 29 31 30 29-34¢ [26]
DO (ppm) 5.33+0.06 5.26+0.29 | 4.85+0.06 >5d [27]
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Fig. 1. Survival rate (SR) of lobster seeds after formalin stress exposure by time.

The survival rates of the lobsters during the challenge test using formalin are shown in
Fig. 1. Observations of the survival rate indicated a gradual decrease in values. The number
of deaths occurring at the twenty-minute mark of the test resulted in a decrease in the survival
rate decrease to 83.33+7.45%. Subsequently, at the forty-minute mark, additional deaths led
to a remaining seed stock of 60.00+12.47%. After the challenge test reached the sixty-minute
mark, the remaining survival rate of lobster seedlings was 30.00+7.071%. Lobster seedlings
that were still alive after one hour of the challenge test were categorized as healthy seedlings,
resulting in three groups of lobster seed fitness: control, weakened, and strong.

The immersion of seedlings in formalin for one hour indicated changes in both the
average weight and length. The most significant decrease in the average values before and
after treatment was observed for the average weight. The magnitude of the change in average
weight reached 0.024 g. Meanwhile, the decrease in the average length before and after
immersion reached 0.02 cm. Data on changes in weight and length are presented in Table 3.

Table 3. Weight and Length of the body after formalin stress.

Growth Before stress test | After stress test
Weight (gram) 0.200+0.004 0.176+0.009
Length (cm) 2.21+0.14 2.19+0.15

The pattern of relative gene expression of HSP70/EFla based on fitness levels is
presented in Fig. 2. A significant increase in expression levels was observed in different
fitness groups of lobster seedlings (p<0.05). Elevation in expression levels occurred in fit
organisms after one-hour immersion in formalin. The lowest expression of HSP70 was
observed in the control condition. Differences in stress tolerance are suspected to be one of
the factors triggering variations in gene expression.

The coefficient of variation (CV) determines the extent of variation within the measured
population. A higher CV value indicates a population with broad or heterogeneous diversity,
whereas a low CV suggests that the utilized sample has low or homogenous variation. The
determination of the coefficient of variation for a particular trait was categorized into three
groups: low criteria (0.1-25%), moderate (25.1-50%), and high (>50.1%) [28]. The results
obtained from the experiment indicated CV values of 15.24% for weight and 6.64% for
length. This suggests that the sample exhibits uniformity in size, based on both length and
weight.



BIO Web of Conferences 106, 05005 (2024) https://doi.org/10.1051/biocont/202410605005
ICMS 2023

gzjo- 2 §
i1

Lethargic Healthy Control

Fig. 2. HSP 70/EF1a gene expression levels.

4 Discussion

Formalin, an aldehyde compound, is extensively utilized in the fisheries industry as a
therapeutic and chemotherapeutic agent. A 37-38% concentration of formalin solution is
widely employed in aquaculture for preservation, disinfection, and sterilization processes. Its
carcinogenic and toxic properties play a crucial role in preventing disease spread and
alleviating symptoms of infection [29]. The negative impact of formalin on aquatic organisms
can be mitigated by determining its optimal or lethal concentration (LC). The optimal dose
for LC70 obtained in this study was 220 ppm, and formalin usage exceeding this
concentration led to the death of the entire population within less than 60 min. Lower doses
require more than 60 min to reduce survival rates. The correlation between dose and
immersion time aligns [30], asserting that formalin toxicity depends on both dosage and
duration. Significant differences in dosage can result from species variation, size, age, and
treatment conditions [31]. Chemosensory effects or disruptions to the nervous system due to
chemical exposure emerge as a cause of death after formalin use. Changes in exposed organ
structures, especially the gill lamellae, hinder respiratory rates. Low formalin tolerance can
damage other organs such as the liver, kidneys, and spleen [31]. In lobsters, chemosensory
effects are observable in organs, such as the antennae, mouth, and legs. Antennae, as external
organs, transmit chemical information directly to the frontal brain and detect chemicals
through the smell. Lobsters exhibited periodic rubbing movements, particularly on their
antennae and eyes, during the initial five minutes of the study. Subsequently, the movements
involved rubbing the mouth and walking the legs. This movement is indicative of the
transmission of chemical signals from the sensilla to the olfactory receptor neurons (ORNS)
in the brain lobe [32].

Formalin toxicity induces behavioral and physiological changes in lobsters, including
clustering, hyperventilation, and changes in body color. These observations align with
research on Cyprinus carpio exposed to formalin [12]. Furthermore, formalin toxicity leads
to irregular swimming patterns, inverted body positions, and loss of balance, indicating
disruptions in the nervous and receptor systems [33]. The study employed lobster seedlings
with an average length of 2.33 cm and an average weight of 0.025 g, considered yuwana
phase [34]. Yuwana lobsters, which mark the transition phase after the transparent phase and
indicate the first molting, play a crucial role in lobster cultivation [35]. However, the complex
behaviors and transportation impact at this stage facilitate stress, affecting seed health and
resilience [36, 37]. Sample variations, measured based on the coefficient of variation,
indicated low variability for both length (6.64%) and weight (15.24%). Low variability
suggests a homogenous population [28]. The chronic effects of formalin use, as stated by
[38], resulted in decreased weight and length [39]. Excessive formalin exposure in seeds is
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associated with slower growth rates [11], affecting metabolism, nutrient absorption, and
increased energy reserve utilization, causing decreased growth [31]. Chronic and acute
effects of formalin use induce stress-resistant genes known as Heat Shock Proteins (HSP) at
the cellular level. HSP act as chaperone proteins in all cellular compartments, protect against
protein denaturation, ensure functional protein folding, and prevent cell death [40]. Chronic
exposure to formalin induces the expression of HSP70, a crucial protein category aiding
damaged protein disposal, controlling protein quality, directing the degradation of abnormal
proteins, and preventing cell apoptosis [41]. HSP70 expression, regulated by the interaction
between Heat Shock Factor (HSF1) and Heat Shock Element (HSE) in the promoter region
[42], is observed at low levels under normal conditions and increases during stress, playing
a role in protein folding, intracellular transport, and maintaining protein shape [43].
Information on HSP70 expression levels can be used to enhance early production processes
and improve growth, development, feed efficiency, resistance, and phenotype selection [44].
HSP70 gene identification involves isolating total RNA from the hepatopancreas of lobster
seeds. The use of hepatopancreas in gene expression analysis has been conducted in various
crustacean studies [45, 46, 47, 48] because of its vital role in metabolic processes [49] RNA
concentration in lethargic seed conditions is 40,987+9,068 ng pL? with a ratio of
1.823+0.063; healthy seed samples had RNA concentrations of 133,570+14,515 ng uL* with
a ratio of 2.063+0.037; and control lobsters exhibited RNA concentrations of
143,640+43,009 ng uL* with a ratio of 1.799+0.119. The obtained ratios indicated good
fitness levels, with purity suggested in the range of 1.8-2.0, as recommended by [50].
Variations in RNA concentrations result from different responses to worsening
environmental conditions [51]. HSP70 gene expression analysis using RT-PCR indicated
significant differences (P <0.05) in expression levels based on different fitness levels.
Lobsters under healthy conditions exhibited higher HSP70 gene expression levels
(2.949+0.4205) than lethargic lobsters (1.423+0.394) and control lobsters (0.827+0.278).
This aligns with the claim that increased HSP70 gene expression enhances resilience under
unfavorable conditions, supporting cell proliferation and reducing apoptosis induction [40].
Chronic and acute impacts of formalin use can induce stress-resistant genes known as Heat
Shock Proteins (HSP) at the cellular level. HSP act as chaperone proteins in all cellular
compartments, protect against protein denaturation, ensure functional protein folding, and
prevent cell death [40]. Chronic exposure to formalin induces the expression of HSP70, a
crucial protein category aiding damaged protein disposal, controlling protein quality,
directing the degradation of abnormal proteins, and preventing cell apoptosis [41]. HSP70
expression, regulated by the interaction between Heat Shock Factor (HSF1) and the Heat
Shock Element (HSE) in the promoter region [42], is observed at low levels under normal
conditions and increases during stress, playing a role in protein folding, intracellular
transport, and maintaining protein shape [43].

5 Conclusion

HSP70 analysis of lobsters under the fit condition after 220 ppm immersion showed the
highest expression level of 2.949 + 0.420. The survival rate obtained with 220 ppm formalin
was 30%. The seeds used in the study were classified as uniform with a large coefficient of
variation, measured based on body length (6.64%) and weight (15.24%). The decrease in
growth parameters caused a reduction in weight of 0.024 g and a decrease in body length of
up to 0.02 cm.

We thank the Ministry of Education, Culture, Research, and Technology, Directorate General of Higher
Education for the 2021 Matching Fund program with contract numbers 2783/E3/PKS.07/KL/2021 and
15549/IT3. L2/HK.07.00/P/B/2021, entitled Development of Agromartim-Based Lobster Aquaculture



BIO Web of Conferences 106, 05005 (2024) https://doi.org/10.1051/biocont/202410605005
ICMS 2023

Estate 4.0 within the MBKMB Framework, which was funded during the research and PT. Saibatin
Perikanan Indonesia provided facilities and lobsters during the research period.

References

1. C.M. Jones, Bull Mar Sci. 94(3), 1223-1233 (2018)

T.L. Ahn, C. Jones in C.M. Jones editor, Proceedings of the International Lobster
Aquaculture Symposium Lombok, Indonesia; 2014 Apr 22-25; Lombok, Indonesia.
Lombok (ID): ACIAR Proceedings Series. page 31-35 (2014)

3. [FAOQ] Food and Agriculture Organization of The United Nations, 123 Rome (IT): FAO
Globelfish Research Programme (2017)

4. [FAQ] Food and Agriculture Organization of The United Nations, Globefish: Lobster
market seeing strong recovery (2021)

5. C.M. Jone, Rome (IT): FAO (2011)

6. N.T.B. Thuy N.B. Ngoc, Procceding of Spiny Lobster Ecology and Exploitation in the
South China Sea Region 13-16 (2004)

7. Haryanti, S.B.M. Sembriring, Sudewi, Z. Widiastuti, N.A. Giri, K. Sugama, Jurnal Riset
Akuakultur 12(1), 85-97 (2017)

8. 0. Vadstein, K.J.K. Attramadal, 1.Bakke, Y. Olsen, Front. Microbiol. 9 2730 (2018)
9. M.R. Fahmi, M.B. Malole, J. Ris. Akuakultur. 2(1), 77-86 (2007)
10. B. Barton, G.K. Iwana, Annual Rev. of Fish Diseases 3 26 (1991)

11. 1.G.Y.Y. Giri, P.G.S. Julyantoro, N.P.P. Wijayanti, B. Slamet, Current Trends in Aquatic
Science 3(1), 106-112 (2020)

12. K.R. Tacredo, N.D.C. Marchiori, S.A. Pereira, M.l. Martins, J Parasit Dis. 43(1), 46-53
(2019)

13. S. Suwannahong, N. Chuchird, C. Limsuwan, J. (Nat. Sci.) 39, 145-148 (2005)

14. N.H. Chen, K.Y. Djoko, F.J. Veyrier, A.G. McEwan, Front Microbiol 7(257), 1-17
(2016)

15. R.R. Rucker, W.G. Taylor, D.P. Toney, The Progressive Fish-Culturist 25(4), 203-207
(1963)

16. M.N. Hayati, D. Arfiati, B. Yanuwiadi, J-PAL. 10(2), 132-137 (2019)

17. R.F. Floyd Use of Formaline to Control Fish Parasite. VM.77. Florida (USA):
University of Florida (1966)

18. N.S. Yasa, L. Anshory, N.S.N. Handayani, A. Isnansetyo, Murwantoko, Buletin
Oseanografi Marina Oktober 10(3), 223-232 (2021)

19. M.J. Schlesinger, G. Aliperti, P.M. Kelley, Trends Biochem. Sci. 7, 222-225 (1982)

20. M. Arya, I.S. Shergill, M. Williamson, L. Gommersall, N. Arya, H.R.H. Patel, Expert
Rev Mol Diagn. 5(2), 209-219 (2005)

21. O. Hermawan, A.T. Mukti, M. Yasin, Journal of Aquaculture and Fish Health 9(1), 69-
74 (2020)

22. D. Cottin, B. Shillito, T. Chertemps, S. Thatje, N. Léger, J. Ravaux, J Exp Mar Biol Ecol
393(1-2), 9-16 (2010)

23. J.V.T. Flores, A.L. Gonzalez, P.A. Ruiz, R.E. Montes, V.P. Gomez, G.D. Plata, A.R.
Castro, Lat Am J Aquat Res 46(4), 756-764 (2018)


https://www.cabdirect.org/cabdirect/search/?q=ct%3a%22Spiny+lobster+aquaculture+development+in+Indonesia%2c+Vietnam+and+Australia.+Proceedings+of+the+International+Lobster+Aquaculture+Symposium%2c+Lombok%2c+Indonesia%2c+22-25+April+2014.%22
https://www.cabdirect.org/cabdirect/search/?q=ct%3a%22Spiny+lobster+aquaculture+development+in+Indonesia%2c+Vietnam+and+Australia.+Proceedings+of+the+International+Lobster+Aquaculture+Symposium%2c+Lombok%2c+Indonesia%2c+22-25+April+2014.%22
https://www.cabdirect.org/cabdirect/search/?q=ct%3a%22Spiny+lobster+aquaculture+development+in+Indonesia%2c+Vietnam+and+Australia.+Proceedings+of+the+International+Lobster+Aquaculture+Symposium%2c+Lombok%2c+Indonesia%2c+22-25+April+2014.%22

BIO Web of Conferences 106, 05005 (2024)
ICMS 2023

24.

25.
26.
27.

28.
29.

30.
31
32.

33.
34.
35.

36.

37.
38.

39.

40.

41.
42.

43.
44,

45.
46.

47.

48.
49.

50.

51.

A.A. Aonullah, F. Ahmadi, Journal of Aquaculture Development and Enviromental 4(2),
272-276 (2021).

I. Amali, P.D.W. Sari, Egypt J Aquat Biol Fish 24(3), 381-388 (2020)
A. Wandira, M. Ramli, Halili, Sapa Laut 5(2), 163-172 (2020)

M. Junaidi, M.S. Hamzah, Jurnal Iimu dan Teknologi Kelautan Tropis 6(2), 345-354
(2014)

Suratman, D. Priyanto, A.D. Setyawan, Biodiversitas 1(2), 72-79 (2000)

L. Zhang L, in L. Zhang, editor. Toxicology. London (UK): Royal Society of Chemistry
1-19 (2018)

A.L. Masters, N Am J Aquac 66(4), 325-333 (2004)

M. Tavares-Dias, Aquac Res 52(2021), 1803-1823 (2020)

M. Zbinden, C. Berthod, N. Montagne, J. Machon, N. Leger, T. Chertemps, N. Rabet,
B. Shilito, J. Ravaux, Chemical Sciences 42(4), 319-331 (2017)

F.S. Sabra, E.E. Mehana, Asian J Agric Food Sci 1(3), 40-60 (2015)
Erlania, I.N. Radiarta, K. Sugama, J. Ris. Akuakultur 9(3), 475-486 (2014)

H. Subagio, E. Asrial, Yusnaini, N. Rusana, G. Bintoro, Nuhman, .M. Kawan, JIPK
13(2), 255-270 (2021)

I. Diatin, I. Effendi, Y. Hadiroseyani, T. Budiardi, V.R. Hernanda, Nidwiyanti, A.
Vinasyiam, Jurnal Akuakultur Indonesia 21(2), 133-141 (2022)

H. Segner, Schmitt-Jansen, S. Sabater, Environ Sci Technol 48, 7690-7696 (2014)

K. Lange, A. Bruder, C.D. Matthaei, J. Brodersen, R.A. Paterson,Fish and Fisheries 1-
10 (2018)

M.J. Anzueto-Calvo, E. Velazque-Velazque, W.A. Matamoros, B.G.A. Cruz Maza, A.N.
Nettel-Hernanz, J Appl. Ichthyol. 1-3 (2017)

H. Li, S.S. Liu, C.Y. Yi, F.Wang, J. Zhou, X.J. Xia, K. Shi, Y.H. Zhou, J.Q. Yu, Plant
Cell Environ. 37, 2768-2780 (2014)

Kumar V, Roy S, Behera BK, Das BK, Life (Basel). 12(11), 1777 (2022)

K. Joo Ae, K. Youngmi, K. Byoung-Mog, C.H. Dong, J Biol Chem 40(288), 28713-
28726 (2013)

A. Dubey, K.S. Prajapati, M. Swamy, V. Pachauri, Vet World. 8(1), 46-51 (2015)

P. Yuvarajan, S. Felix, A. Uma, B.M. Ahilan, P. Banupriya, Int. J. Curr. Microbiol. App.
Sci. 8(7), 2435-2438 (2019)

W. Junprung, P. Supungul, A. Tassanakajon, Fish Shellfish Immunol 60, 237-246 (2017)

J.H. Kim, C.M. Dong, J. Kim, C.M. An, H.J. Baek, H.J. Kong, Dev Reprod. 19(3), 135-
144 (2015)

P.A.V. Neto, J.R. Moser, A.P.M. Fraga, M.R.F Marques, Virus disease 25(4), 437-440
(2014)

P. Ortega, H.A. Vitorino, Ecologies 3(3), 249-256 (2022)

K. Chen, E. Li, T. Li, C. Xu, X. Wang, H. Lin, J.G. Qin, L. Chen, PLOS One 10(7), 1-
22 (2015)

R. Hassan, A. Husin, S. Sulong, S. Yusoff, M. F. Johan, B.H. Yahaya, C. Ang, S.
Ghazali, C.S. Keng, Malaysian J Pathol 37(2), 165-173 (2015)

G.K. Sivarnama, R. Kapila, P.C. Mahata, Asian Fish Sci 22,117-123 (2009)

https://doi.org/10.1051/bioconf/202410605005



