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ABSTRACT

Octopus ink contains bioactive compounds with the potential
to serve as natural immunostimulants in aquaculture. This
study aimed to evaluate the effect of supplementing feed with
octopus (Octopus sp.) ink extract on the growth performance
of Nile tilapia (Oreochromis niloticus) infected with
Staphylococcus aureus. A completely randomized design was
employed, consisting of five treatments with three replicates
each: a positive control (K+), a negative control (K-), and three
experimental groups receiving octopus ink extract at doses of
50 (A), 100 (B), and 150 mL/kg of feed (C). The fish were
reared for 50 days, and growth performance was assessed
based on absolute weight gain, absolute length gain, specific
growth rate (SGR), and specific length growth rate (SLGR). The
results indicated that treatment B vyielded the highest
numerical values for all growth parameters, with an absolute
weight gain of 9.64 £ 0.32 g, an absolute length gain of 4.03 +
0.32 cm, an SGR of 2.48 + 0.03%/day, and an SLGR of 2.27 +
0.03%/day. No significant difference was observed between
treatments B and C regarding SLGR. These findings suggest
that supplementing feed with octopus ink extract—
specifically at a dose of 100 mL/kg—has the potential to
enhance the growth performance of Nile tilapia infected with
S. aureus. Consequently, octopus ink extract may be
considered a promising natural feed additive for Nile tilapia
aquaculture.

INTRODUCTION

Nile Tilapia (Oreochromis niloticus) is one of Indonesia's leading aquaculture
commodities with high economic value. This species is widely cultured due to its relatively
easy farming practices and its ability to thrive under various environmental conditions. Its high
adaptability makes tilapia a popular species for large-scale aquaculture production (Indriati &
Hafiludin, 2022). These characteristics contribute to the continuously increasing demand and
relatively stable market value of tilapia. Indonesia is the world's second-largest tilapia
producer, contributing 25.9% of total global tilapia production (Gustiano et al., 2023). This
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condition highlights the significant role of tilapia as an important fishery commodity in the
Indonesian economy.

The growth of tilapia is influenced by various factors, including both internal and
external factors. External factors include stocking density, feeding frequency and quantity,
temperature, pH, dissolved oxygen, and water quality. These factors can affect body weight,
feed consumption, feed utilization efficiency, fish health, and survival. Therefore, proper
water quality management and appropriate feeding practices are essential aspects of
supporting optimal tilapia growth (El-Hack et al., 2022).

In addition to environmental and dietary factors, fish health also plays an important role
in successful aquaculture production. Infections caused by pathogenic microorganisms can
pose significant challenges to aquaculture productivity. One of the bacterial pathogens
reported in tilapia is Staphylococcus aureus. Mohammed et al. (2020) reported the presence
of S. aureus and methicillin-resistant Staphylococcus aureus (MRSA) in tilapia (O. niloticus)
samples collected in Maiduguri, Nigeria. This finding indicates that the presence of this
bacterium should be considered in fish health management.

Maintaining fish health can be achieved by enhancing the body's defense mechanisms.
One approach that can be applied is the administration of immunostimulants.
Immunostimulants are substances capable of stimulating immune responses, thereby
potentially helping fish withstand pathogen exposure. Wang et al. (2023) explained that the
use of herbal ingredients, probiotics, prebiotics, and various immunostimulant products
represents several strategies that can be applied to improve fish health and immune
responses in tilapia.

One natural material with potential for development as an immunostimulant candidate
is octopus ink (Octopus sp.). Octopus ink is a fishery by-product that has considerable potential
for utilization in aquaculture. Research conducted by Affandi et al. (2025) demonstrated that
octopus ink extract contains bioactive compounds, including alkaloids, saponins, phenols, and
steroids, and exhibits antioxidant activity with an LCso value of 94.4661 ppm. These findings
indicate the potential of octopus ink as an immunostimulant candidate, although further
investigations involving aquatic organisms are required to establish its effectiveness.

Based on this potential, further research on the use of octopus ink (Octopus sp.) as a
natural immunostimulant in tilapia (O. niloticus) challenged with Staphylococcus aureus is
necessary. This study aims to evaluate the effects of octopus ink administration on the disease
resistance and growth performance of tilapia. The findings are expected to provide scientific
information regarding the potential utilization of octopus ink as a natural ingredient to support
fish health and productivity in aquaculture.

METHODS

Time and Place

This research was conducted over a period of 50 days, from September to October 2026,
at the Fish Production and Reproduction Laboratory and Fish Health Laboratory, Department
of Fisheries and Marine Science, University of Mataram.
Tools and Materials

The tools used in this research included aerator, autoclave, container racks, digital scale,
Erlenmeyer, filter paper, fish nets, haemocytometer, hot plate, inoculating loop,
microhematocrit tubes, microscope, microscope slides and cover glasses, microtubes,
micropipettes, Petri dishes, rotary evaporator, siphon hoses, and syringe.
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The materials used in this research were commercial pellets, distilled water, freshwater,
methanol, Nile tilapia (measuring 5-6 cm), NaCl solution, Nutrient Agar (NA) media, octopus
ink, soap, Staphylococcus aureus bacteria, tissue paper, and Tryptic Soy Broth (TSB) media.
Research Design

The method applied in this study is an experimental method using a Completely
Randomized Design (CRD), consisting of five treatments with three replications, resulting in a
total of 15 experimental units. Each treatment unit used 20 Nile tilapia. The treatments involve
administering octopus ink extract through the feed
K+ (Positive Control) : Feed without octopus ink extract + infected with S. aureus
K- (Negative Control) : Feed without octopus ink extract (without bakterial infection)

A : Treatment dose 50 mL/kg feed + Staphylococcus aureus infection
B : Treatment dose 100 mL/kg feed + Staphylococcus aureus infection
C : Treatment dose 150 mL/kg feed + Staphylococcus aureus infection

Research Procedures
e Preparation of Rearing Containers and Media

The rearing used in this study were of 15 containers with a capacity of 45 L. Before use,
the containers were cleaned with detergent, rinsed with water, and left to dry for 24 hours.
After drying, the containers were transferred to the research site and filled with 20 L of water
each. Each container was equipped with one aerator to provide an adequate oxygen supply
to the water. Subsequently, the containers were covered and labeled according to their
respective treatments.
¢ Preparation of Test Animal

The experimental animals used in this study were Nile tilapia (O. niloticus), measuring 5-
6 cm in length and weighing approximately 1-2 g. The fish were obtained from the Fish Seed
Center (BBI) Lingsar, Lingsar District, West Lombok Regency. The preparation of the
experimental fish began with a 14-day acclimatization period before the fish were stocked in
the rearing containers
e Preparation of Octopus Ink Estract

The preparation of octopus ink extract began with the collection of ink sacs from
Octopus (Octopus sp.) obtained from octopus processing factories or warehouses around
Mataram City. The ink sacs were carefully removed, cut open, and the ink was collected. The
collected ink was then transferred into sterile containers.

The extraction process began with maceration, which involves soaking the octopus ink
in a solvent. The octopus ink was mixed with the solvent at a ratio of 1:3. The solvent used in
this study was 1,500 mL of methanol. The Erlenmeyer flask was then stored in a refrigerator
at 4°C for 7 days (Affandi et al., 2019). After seven days, the extract was evaporated using a
rotary evaporator at a speed of 62 rpm for 5 hours.

e Supplementation of Octopus Ink Extract into Feed

The feed used in this study was commercial pellet feed, with a total amount of 1 kg for
each treatment. The commercial feed was subsequently mixed with the predetermined
treatment doses in a tray. The mixing method referred to the study by Sukendar et al. (2021),
in which the liquid extract was sprayed evenly onto 1 kg of feed using a spraying technique.
The feed was then dried for 15 minutes at room temperature by air-drying.

After the drying process, the feed was weighed at a rate of 5% of the total biomass or
body weight of the fish in each treatment or rearing container (Hendriana et al., 2023). After
weighing, the feed was stored in zipper plastic bags according to the predetermined treatment
doses.
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o Fish Rearing Process

After the acclimatization period was completed, the experimental fish were given
treatment feed supplemented with octopus ink extract for 49 days. The pellet feed was
administered at a rate of 5% of the fish's body biomass, with the fish weight measured once
every seven days (Pereira et al., 2026). Feeding was carried out ad libitum, meaning that the
amount of feed was adjusted to the nutritional requirements of the tilapia based on their body
weight or biomass. The feed was provided three times a day at 07:00, 12:00, and 17:00 Central
Indonesia Time (WITA) throughout the rearing period.
e Challenge Test with Staphylococcus aureus

The challenge test was conducted to evaluate the response of tilapia following the
administration of natural feed additives derived from octopus ink extract. The challenge test
was performed using the immersion method, in which a bacterial suspension of S. aureus was
added directly to the rearing water. The S. aureus bacteria used in this study were obtained
from the Fish Health Laboratory, Aquaculture Study Program, Faculty of Agriculture,
University of Mataram. The bacterial suspension had a density of 10% cells/mL. The
experimental fish were fed diets supplemented with octopus ink extract for 35 days. On the
36th day, the fish were challenged with S. aureus at a bacterial density of 108 CFU/mL,
following the method described by Maulidya et al. (2017), using the immersion method. The
experimental parameters were observed on the 14th day after bacterial immersion.
Research Parameters
e Absolute Weight

Absolute weight growth is defined as the increase in fish body weight from the beginning
to the end of the study. According to Ridwantara et al. (2019), absolute weight growth (W)
can be calculated using the following formula:

W =Wt-WO0
Where:
w = Absolute weight growth (g)
Wt = Average fish weight at the end of the rearing period (g)

WO = Average fish weight at the beginning of the rearing period (g)
e Absolute Length

Absolute length growth was calculated using the formula proposed by Effendie (2002),
as cited in (Wiranda et al., 2025), as follows:

L=Lt-LO
Where:
L = Absolute length growth (cm)
Lt = Final fish length (cm)
LO = Initial fish length (cm)

e Specific Weight Growth Rate
The specific growth rate was calculated using the formula adopted from (Monier et al.,

2025), as follows:

Ln Wt — Ln Wo
SWGR = T x 100%

Where:

SGR = Specific growth rate (% body weight per day)

W0 = Average fish weight at the beginning of the rearing period (g)
Wt = Average fish weight at the end of the rearing period (g)

T = Rearing period (days)
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e Specific Length Growth Rate
The specific length growth rate was calculated using the formula adopted from (Rezki et
al., 2026), as follows:

InLt — InLo
SLGR = fx 100%
Where:
SLGR = Specific length growth rate (% body length per day)
LO = Average fish length at the beginning of the rearing period (cm)
Lt = Average fish length at the end of the rearing period (cm)
T = Rearing period (days)

e Data Analysis

The data obtained were statistically analyzed using SPSS version 16.0. Analysis of
variance (ANOVA) was performed at a 95% confidence level (p <0.05). If significant differences
were found, further analysis was conducted using Duncan's test.

RESULTS

Absolute Weight
Based on the research result, the absolute weight gain of nile tilapia over a 50-day

rearing period, following supplementation with different doses of octopus ink extract, ranged
from 6.91 t0 9.64 g.
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Figure 1. Absolute Weight of Nile Tilapia (O. niloticus)

Absolute Length

Based on the research result, the absolute length gain of nile tilapia over a 50-day rearing
period, following supplementation with different doses of octopus ink extract, ranged from
2.27t04.03 cm.
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Figure 2. Absolute Length of Nile Tilapia (O. niloticus)

Specific Weight Growth Rate

Based on the research result, the specific weight growth rate gain of nile tilapia over a
50-day rearing period, following supplementation with different doses of octopus ink extract,
ranged from 2.21 to 2.48%/day.
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Figure 3. Specific Weight Growth Rate of Nile Tilapia (O. niloticus)

Specific Length Growth Rate

Based on the research result, the specific weight growth rate gain of nile tilapia over a
50-day rearing period, following supplementation with different doses of octopus ink extract,
ranged from 2.06 to 2.27%/day.
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Figure 4. Specific Length Growth of Nile Tilapia (O. niloticus)
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DISCUSSION

Absolute Weight

Based on the research findings, the highest absolute weight gain in nile tilapia (O.
niloticus) was recorded in treatment B, which received octopus ink extract at a concentration
of 100 mL/kg of feed, reaching 9.64 + 0.32 g. The higher weight gain in this treatment was
presumably influenced by the bioactive compounds contained in octopus ink. These
compounds may help maintain fish health and physiological stability. Maintaining a stable
physiological condition may enable fish to utilize dietary nutrients more efficiently, allowing
the nutrients obtained from feed to support growth processes and increase body weight.
Furthermore, the administration of octopus ink extract at an appropriate concentration is
presumed to contribute to a positive growth response in fish.

This explanation is consistent with the findings of Affandi et al. (2025), who reported
that octopus ink extract contains several bioactive compounds with potential applications as
immunostimulants in aquaculture. These compounds are also associated with various
biological activities, including antioxidant and antimicrobial properties. Further support is
provided by Sabathini et al. (2026), who reported that dietary supplementation with octopus
ink extract at a dose of 100 mL/kg of feed resulted in the best growth performance in
Mozambique tilapia (Oreochromis mossambicus) infected with Aeromonas hydrophila. These
findings indicate the potential use of octopus ink extract to support fish growth, although the
previous study used a different fish species from the Nile tilapia (O. niloticus) examined in the
present study.

Absolute Length

The measurement of absolute length growth in Nile tilapia (O. niloticus) showed that
treatment B, supplemented with octopus ink extract at 100 mL/kg of feed, achieved the
highest value of 4.03 £ 0.32 cm, while the lowest value was recorded in treatment K+ at 2.27
1 0.23 cm. The higher growth observed in treatment B is presumed to be associated with
bioactive compounds in octopus ink that may help maintain fish health and physiological
condition. Imran et al. (2023) reported that Octopus vulgaris ink contains proteins and
peptides associated with immune defense and protection against oxidative stress.
Furthermore, Imran et al. (2023) identified antioxidant and antibacterial activities in octopus
ink through in vitro assays.

The highest value in treatment B suggests that the dose of 100 mL/kg of feed produced
the best numerical growth response. This is consistent with Mohammady et al. (2022), who
reported that dietary phytogenic supplementation in Nile tilapia can support growth, feed
utilization, and immune and antioxidant responses. However, in treatment C, which received
150 mL/kg of feed, absolute length growth decreased to 3.69 * 0.49 cm. This suggests that
increasing the extract dosage does not necessarily lead to greater growth. Although treatment
B had the highest mean value, it was not significantly different from treatment C because both
shared the same superscript letter. Therefore, the 100 mL/kg dose produced the highest
numerical absolute length growth in this study.

Specific Weight Growth Rate

The results showed that the highest specific growth rate (SGR) was recorded in
treatment B, which received octopus ink extract at a dose of 100 mL/kg of feed, reaching 2.48
+0.03%/day. This was followed by treatments C, A, K+, and K-, with SGR values of 2.40 + 0.04,
2.33 £ 0.03, 2.21 + 0.01, and 2.13 £ 0.10%/day, respectively. The higher SGR observed in
treatment B was presumably influenced by the nutritional components and bioactive
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compounds present in octopus ink. According to Saputra et al. (2025), octopus ink contains
several nutritional components, including protein, fat, ash, and carbohydrates, as well as
various amino acids, such as lysine, leucine, arginine, and phenylalanine. Protein plays an
important role in supporting fish growth, while lysine contributes to the activity of digestive
enzymes, such as protease, which helps improve protein digestion and utilization.
Furthermore, octopus ink contains alkaloid compounds that may exhibit antimicrobial activity
and contribute to supporting the non-specific defense mechanisms of fish. The presence of
these various components is presumed to help maintain the physiological condition of fish,
allowing nutrients obtained from feed to be utilized more effectively to support growth.
Specific Length Growth Rate

Based on the research results, treatment B with an octopus ink extract dose of 100
mL/kg of feed showed the highest specific length growth rate, reaching 2.27 + 0.03%/day. This
value was higher than that of treatment C (150 mL/kg) at 2.25 + 0.05%/day, treatment A (50
mL/kg) at 2.18 + 0.03%/day, K- at 2.10 + 0.02%/day, and K+ at 2.06 + 0.01%/day. This result
was presumed to be related to the nutritional content of octopus ink. Kipalahi et al. (2024)
reported that octopus ink contains protein and several amino acids, such as serine, aspartic
acid, isoleucine, leucine, and lysine. These components may support the formation of body
tissues required for fish growth.

Furthermore, octopus ink also contains various bioactive compounds. Affandi et al.
(2025) reported that octopus ink extract contains alkaloids, saponins, phenols, and steroids,
and exhibits antioxidant activity with an LCso value of 94.4661 ppm. This antioxidant activity
may help protect fish cells from damage caused by free radicals. Therefore, the nutritional
content and bioactive compounds in octopus ink are presumed to help maintain fish health
and support the utilization of feed nutrients for growth

In treatment C, the specific length growth rate was lower than that in treatment B. This
indicates that adding a higher dose of octopus ink extract does not necessarily result in better
growth. The dose of 100 mL/kg was presumed to be more suitable for supporting fish growth.
However, statistical analysis showed that treatments B and C shared the same superscript
letter, c, indicating that there was no significant difference between the two treatments.

CONCLUSION

The research results indicate that the addition of octopus ink extract to the feed has a
significant effect on the growth performance of Nile tilapia (O. niloticus). This is evidenced by
improvements in absolute weight gain, absolute length gain, specific growth rate based on
weight, and specific growth rate based on length. Treatment B, which utilized an octopus ink
extract dosage of 100 mL/kg of feed, yielded the highest growth performance in numerical
terms. Therefore, octopus ink extract has the potential to be used as a natural feed additive
to support the growth of Nile tilapia (O. niloticus).

ACKNOWLEDGEMENT

The authors would like to express their sincere gratitude to their supervisors, Rangga
Idris Affandi, S.Pi., M.P., and Dr. Salnida Yuniarty Lumbessy, S.Pi., M.Si., for their valuable
guidance, advice, and constructive feedback throughout the research process. Appreciation is
also extended to all lecturers, laboratory staff, and colleagues for their assistance and
cooperation. Special thanks are extended to the authors' families for their prayers, love, and

e-ISSN: 2798-2955 595



Journal of Fish Health, 6(4), 588-597 (2026)
Kharisma et al. (2026)
https://doi.org/10.29303/jfh.v6i4.12101

continuous support, which have served as a great source of motivation in completing this
research.

REFERENCES

Affandi, R. |, Azhar, F., Scabra, A. R., Muahiddah, N., Dwiyanti, S., Saputra, M. A, Diniariwisan,
D., Rahmadani, T. B. C., Asri, Y., & Setyono, B. D. H. (2025). Bioactive Compounds
Identification of Octopus ( Octopus sp .) Ink Extract as Candidates for Aquaculture
Immunostimulants : a Preliminary Study. 18(1), 500-511.

Affandi, R. I., Fadjar, M., & Ekawati, A. W. (2019). Active Compounds on Squid (Loligo sp.) Ink
Extract Powder as Immunostimulant Candidate to Against Shrimp Disease. Research
Journal of Life Science, 6(3), 150-161. https://doi.org/10.21776/ub.rjls.2019.006.03.1

El-Hack, M. E. A., El-Saadony, M. T., Nader, M. M., Salem, H. M., El-Tahan, A. M., Soliman, S.
M., & Khafaga, A. F. (2022). Effect of Environmental Factors on Growth Performance of
Nile Tilapia (Oreochromis niloticus). International Journal of Biometeorology, 2183—
2194. https://doi.org/10.1007/s00484-022-02347-6

Gustiano, R., Arifin, O. Z., Subagja, J., Kurniawan, K., Prihadi, T. H., Saputra, A., Ath-Thar, M. H.
F., Cahyanti, W., Prakoso, V. A., Radona, D., Kusmini, I. I., & Kristanto, A. H. (2023). The
Success of Freshwater Aquaculture Program: Nile Tilapia or “Nila” Culture In Indonesia.
Zuriat, 34(2), 56. https://doi.org/10.24198/zuriat.v34i2.50108

Hendriana, A., Iskandar, A., Ramadhani, D. E., Wiyoto, W., Endarto, N. P., Hitron, R. A,
Napitupulu, Sitio, Y. I. K., & Anwar, R. F. (2023). Kinerja Pertumbuhan lkan Nila
Oreochromis niloticus dengan Tingkat Pemberian Pakan yang Berbeda. Jurnal Sains
Terapan, 13(1), 60—-66.

Imran, M. A. S., Carrera, M., Pérez-Polo, S., Pérez, J., Barros, L., Dios, S., & Gesta, C. (2023).
Insights into Common Octopus (Octopus vulgaris) Ink Proteome and Bioactive Peptides
Using Proteomic Approaches.

Indriati, P. A., & Hafiludin, H. (2022). Manajemen Kualitas Air Pada Pembenihan lkan Nila
(Oreochromis niloticus) di Balai Benih lkan Teja Timur Pamekasan. Juvenil:Jurnal lmiah
Kelautan Dan Perikanan, 3(2), 27-31. https://doi.org/10.21107/juvenil.v3i2.15812

Kipalahi, S.0., A.-A., M.H., A.-T., & E-S.M.& Youssef, M. . (2024). Octopus Ink as a Source of
Melanin : Preparation , Evaluation, and Utilization. 21(1), 1-11.

Maulidya, B., Rosidah., Junianto., &, & Lili, W. (2017). Effectivity of Sambiloto Extract as
Medicine for Catfish (Pangasius hypophthalmus) Juveniles Infected by Aeromonas
hydrophila. International Journal of Fisheries and Aquatic Studies, 5(6), 236-241.

Mohammady, E. Y., Soaudy, M. R., Mohamed, A. E., EL-Erian, M. M. A,, & Farag, A. (2022). Can
Dietary Phytogenic Mixture Improve Performance for Growth, Digestive Enzyme
Activity, Blood Parameters , and Antioxidant and Related Gene Expressions of Nile
Tilapia, Oreochromis niloticus. Animal Feed Science and Technology, 290 (October 2021),
115369. https://doi.org/10.1016/j.anifeedsci.2022.115369

Mohammed, U. H., Bala, A. M., Bako, M., & Barde, M. Z. (2020). Phenotypic and Molecular
Detection of Methicillin Resistant Staphylococcus aureus (MRSA) Isolated from Clarias
gariepinus (Burchel, 1822) and Oreochromis niloticus (Linneaus, 1758) IN Maiduguri.
International Journal of Fisheries and Aquatic Studies, 8(4), 365—-372.

e-ISSN: 2798-2955 596



Journal of Fish Health, 6(4), 588-597 (2026)
Kharisma et al. (2026)
https://doi.org/10.29303/jfh.v6i4.12101

Monier, M. N., El-naby, A. S. A., Fawzy, R. M., Samir, F., Shady, S. H. H., Grana, Y. S., Albagami,
N. M., & Abdel-tawwab, M. (2025). Growth Performance, Antioxidant, and Immune
Responses of Nile tilapia (Oreochromis niloticus) Fed on Low - Fishmeal Diets Enriched
with Sodium Chloride and Its Adaptability to Different Salinity Levels. Fish Physiology
and Biochemistry, 51(1), 1-20. https://doi.org/10.1007/s10695-024-01426-2

Pereira, J. D. C., Zaret, S., Salvador, M., Kismiyati, Adriyono, S., Mubarok, A. S., & Arif, M. A. Al.
(2026). Periodic Fasting Treatment on Growth Performance and Feed Efficiency of Nile
Tilapia (Oreochromis niloticus, GIFT). Journal of Basic Medical Veterinary, 15(1), 1-15.
https://doi.org/10.20473/jbmv.v15i1.81125

Rezki, D. W., Sudrajat, A. O., Soelistyowati, D. T., & Carman, O. (2026). Induction of
Reproduction of Fish Anasa Nomorhampus sp. Endemic Palu, Central Sulawesi Orally
Through Hormon Bioencapsulation Use Chironomus sp. 24(2).
https://doi.org/10.19027/jai.24.2.220-232

Ridwantara, D., Buwono, |. D., S., A. A. H., Lili, W., & Bangkit, I. (2019). Uji Kelangsungan Hidup
dan Pertumbuhan Benih Ikan Mas (Cyprinus carpio) pada Rentang Suhu yang Berbeda.
Jurnal Perikanan Dan Kelautan, 10(1), 46-54.

Sabathini, E., Affandi, R. |., & Dermawan, A. (2026). Effectiveness of Octopus (Octopus sp.) Ink
Extract on the Growth of Mozambique Tilapia (Oreochromis mossambicus) Infected with
Aeromonas hydrophila. Journal of Fish Health, 6(2), 220-229.

Saputra, M. A., Scabra, A. R., & Affandi, R. I. (2025). Effectiveness of Octopus (Octopus sp.) Ink
Exctract on the Growth of Catfish (Clarias sp.) Infected with Aeromonas hydrophila.
Journal of Fish Health, 5(1), 1-14.

Sukendar, W., Pratama, W. W., & Anggraini, S. I. (2021). Kinerja Pertumbuhan Ikan Baung
(Hemibagrus nemurus) yang Diberi Pakan Buatan dengan Penambahan Kunyit (Curcuma
longa Linn). Aquamarine (Jurnal FPIK UNIDAYAN), 8(April), 8-13.

Wang, B., Thompson, K. D., Bondad-reantaso, M. G., Surachetpong, W., & Tattiyapong, P.
(2023). Strategies to Enhance Tilapia Immunity to Improve Their Health in Aquaculture.
15(August 2022), 41-56. https://doi.org/10.1111/raq.12731

Wiranda, A., Khotimah, K., Sari, M. P., & Harmilia, E. D. (2025). Respon Fisiologis lkan Nila
Merah (Oreochromis niloticus) terhadap Durasi Penyinaran. 5(3).
https://doi.org/10.32502/jgsa.v5i3.1306

e-ISSN: 2798-2955 597



