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ABSTRACT 
 
Catfish (Clarias sp.) is an economically important freshwater 
aquaculture commodity in Indonesia. However, bacterial infections 
can compromise fish health and growth performance, highlighting 
the need for natural feed additives that support sustainable 
aquaculture. Octopus (Octopus sp.) ink, a fishery by-product 
containing nutrients and bioactive compounds with potential 
antioxidant and antimicrobial properties, represents a promising 
alternative. This study aimed to evaluate the effectiveness of 
octopus ink extract as a natural feed additive in improving the 
growth performance of catfish challenged with Staphylococcus 
aureus. A 50-day experiment was conducted using a completely 
randomized design with five treatments and three replicates. The 
treatments comprised K+ (infected fish without extract), K− 
(uninfected fish without extract), and three extract 
supplementation levels: A (25 mL/kg feed), B (50 mL/kg feed), and C 
(75 mL/kg feed), with all supplemented groups subjected to 
bacterial infection. Growth performance was assessed through 
absolute weight gain, absolute length gain, specific weight growth 
rate, and specific length growth rate. Octopus ink extract 
supplementation significantly affected growth performance (P < 
0.05). Treatment C produced the highest absolute weight gain (8.50 
± 0.06 g), absolute length gain (5.18 ± 0.33 cm), and specific length 
growth rate (1.27 ± 0.07%/day), whereas treatment B achieved the 
highest specific weight growth rate (2.75 ± 0.14%/day). These 
findings suggest that octopus ink extract has potential as a natural 
feed additive for catfish, with 75 mL/kg feed providing the most 
favorable overall growth performance under the experimental 
conditions. 

 
INTRODUCTION 

 
Catfish (Clarias sp.) is a freshwater fish species widely cultivated in Indonesia. The 

Ministry of Marine Affairs and Fisheries (KKP) recorded that catfish production in Indonesia 
reached 1.12 million tons in 2022. Catfish is widely cultured because of its relatively rapid 
growth compared with other freshwater fish species, ease of maintenance, and suitability for 
cultivation in limited spaces. Catfish also offers several advantages as an aquaculture 
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commodity, including the ability to survive in various freshwater environments, relatively high 
disease resistance, and an omnivorous feeding habit, which makes it relatively easy to culture 
at low production costs. Although catfish can consume a wide variety of food sources, the use 
of formulated pellet feed remains essential in intensive aquaculture systems. Feed is one of 
the largest components of production costs in catfish farming, accounting for approximately 
60–70% of total production costs. Therefore, feed innovation is an important strategy for 
improving aquaculture production efficiency (Aldo, 2019). 

One strategy that can be implemented to improve fish growth and health in aquaculture 
is the incorporation of feed additives. These substances play a role in improving feed quality, 
optimizing nutrient utilization, and supporting immune responses, growth, and fish survival 
(Vijayaram et al., 2022). In recent years, natural feed additives have received increasing 
attention as potential alternatives for supporting more sustainable aquaculture practices by 
reducing dependence on synthetic additives and antibiotics. 

Octopus ink is a fishery by-product with potential for use as a natural feed additive 
because it contains nutritional components and bioactive compounds. Octopus ink has a 
chemical composition consisting of 8.32 ± 0.042% protein, 0.08 ± 0.0018% fat, 6.33 ± 0.306% 
carbohydrates, and 2.79 ± 0.014% ash (Kipalahi et al., 2024). Its protein and amino acid 
content may support fish growth, as protein contributes to body tissue formation, while amino 
acids are required for protein synthesis and various metabolic processes. In addition to its 
nutritional value, octopus ink also has potential as a source of natural immunostimulants in 
aquaculture. (Affandi et al., 2025) reported that octopus ink extract exhibits antioxidant 
activity, with an IC50 value of 94.4661 ppm, and contains several secondary metabolites, 
including alkaloids, saponins, phenols, and steroids. The presence of these compounds 
indicates potential biological activities relevant to fish health, including antioxidant and 
antimicrobial effects. Therefore, the use of octopus ink as a feed additive may support fish 
growth and improve resistance to health challenges in aquaculture. 

Therefore, research on the use of octopus ink as a natural feed additive in catfish feed 
is important to support increased aquaculture productivity, reduce dependence on synthetic 
feed additives, and promote the sustainable utilization of fishery by-products. 

 
METHODS 

 
Time and Place 

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

The tools used in this research included aerators, autoclave, 45 L containers, corning 
tubes, digital scale, erlenmeyer, hot plate, inoculation needles, micropipettes, microtubes, 
nets, petri dishes, rotary evaporator, spoon, spray botle and vortex mixer. The materials used 
in this research were Staphylococcus aureus, aluminum foil, alcohol, distilled water, 
freshwater, Catfish (measuring 4-6 cm), methanol, NaCl solution, NA media, Octopus ink, TSB 
media, NA media, soap, pellets, and tissue paper. 
Research Design 

The method used in this study was an experimental method with a completely 
randomized design (CRD) consisting of five treatments and three replications, resulting in 15 
experimental units. Each experimental unit used 20 Catfish. 
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K+ (Control +) : Feed without octopus ink extract + bacterial infection 
K- (Control -) : Feed without octopus ink extract (without bacterial infection) 
A  : Feed supplemented with 25 mL/kg octopus ink extract + bacterial infection 
B  : Feed supplemented with 50 mL/kg octopus ink extract + bacterial infection 
C  : Feed supplemented with 75 mL/kg octopus ink extract + bacterial infection 
Research Procedures 

• Preparation of Rearing Containers and Media 

A total of 15 rearing containers, each with a capacity of 45 L, were used in this study. 
Before use, the containers were washed with detergent, rinsed thoroughly with clean water, 
and sun-dried. Once dry, the containers were transferred to the research location and filled 
with 20 L of water. Each container was equipped with an aeration unit to ensure adequate 
oxygen supply. Finally, the containers were covered and labeled according to their respective 
treatment groups. 

• Preparation of Test Animals 

The experimental fish used in this study were catfish measuring 4–6 cm in length, 
sourced from the Batu Kumbung Fish Seed Center (BBI), located in Lingsar District, West 
Lombok Regency, West Nusa Tenggara, Indonesia. Prior to stocking, the fish underwent an 
acclimatization period to allow them to adjust to the new rearing environment. This process 
is essential for minimizing stress and reducing the risk of mortality during the study (Augusta, 
2012) 

• Preparation of Octopus Ink Extract 

Octopus ink was obtained from an octopus processing facility or warehouse located in 
the Mataram City area. The ink sacs were carefully dissected, and the ink was collected for 
further extraction. The extraction process was conducted using the maceration method, in 
which the collected ink was mixed with methanol at a ratio of 1:3, using 1,500 mL of methanol 
as the solvent. The mixture was placed in an Erlenmeyer flask and stored in a refrigerator at 
4°C for 7 days (Sabathini et al., 2026). After maceration, the extract was concentrated through 
evaporation using a rotary evaporator operated at 62 rpm for 5 hours. 

• Supplementation of Octopus Ink Extract into Feed 

Commercial feed was used in this study at a rate of 1 kg per treatment. Octopus ink 
extract was incorporated into the feed by spraying it uniformly over the feed surface to ensure 
even distribution. The feed was then left to air-dry at room temperature before use. 

• Challenge Test with Staphylococcus aureus 

The challenge test was carried out to assess the immune response of catfish after 
receiving octopus ink extract as a natural feed additive. Bacterial infection was induced 
through the immersion method by introducing a suspension of Staphylococcus aureus into the 
rearing water. The bacterial isolate was obtained from the Fish Health Laboratory, 
Aquaculture Study Program, Faculty of Agriculture, University of Mataram. The bacterial 
suspension was prepared at a concentration of 10⁸ cells/mL, which has been reported to cause 
infection symptoms and mortality in fish within 24 hours (Nuryati et al., 2024). Following 
bacterial exposure, the fish were monitored regularly to observe changes in immune 
responses, survival rates, and clinical signs associated with S. aureus infection. All research 
parameters were evaluated on the 14th day following the challenge test. 

• Absolute Weight  

Absolute weight was calculated to measure the increase in fish weight during the rearing 
period. The formula for absolute weight according to Nazlia & Zulfiadi (2018) is as follows:  

W = Wt - W0 



 
Journal of Fish Health, 6(4), 571-579 (2026)  
Ariansyah et al. (2026) 
https://doi.org/10.29303/jfh.v6i4.12100 

e-ISSN: 2798-2955 574  

Where:  
W : Absolute weight gain  
Wt  : Average fish weight at the end of rearing  
W0  : Average fish weight at the beginning of rearing 

• Absolute Length  

Absolute length was calculated to measure the increase in fish length during the rearing 
period. The formula for absolute length according to Mata et al. (2022) is as follows:  

L = Lt - L0 
Where:  
L  : Absolute length gain (cm)  
Lt : Average final length (cm) 
L0  : Average initial length (cm) 

• Specific Weight Growth Rate 

Specific length growth rate represents the percentage increase in fish length per day 
during the rearing period. The calculation of specific length growth rate follows the formula 
proposed by Wicaksana et al. (2015), as presented below: 

SWGR =  
(lnWt−lnWo)

t
 × 100% 

Where:  
SWGR : Specific weight growth rate (%/day)  
W0 : Average fish weight at the beginning of rearing (g)  
Wt : Average fish weight at the end of rearing (g)  
t : Rearing period (days) 

• Specific Length Growth Rate 

Specific length growth rate (SLGR) indicates the daily percentage increase in fish length 
throughout the rearing period. It is calculated based on the formula described by Sitio et al. 
(2017), as follows: 

SLGR =  
(lnLt−lnWo)

t
 × 100% 

Where:  
SLGR : Specific length growth rate (%/day) 
L0 : Fish length at the beginning of rearing (cm)  
Lt : Fish length at the end of rearing (cm) 
t : Rearing period (days) 

• 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 results, the absolute weight gain of catfish during the 50-day 
rearing period, following supplementation with different doses of octopus ink extract, ranged 
from 6.15 to 8.05 g. 
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Figure 1. Absolute Weight of Catfish (Clarias sp.) 

 
Absolute Length  

Based on the research results, the absolute length gain of catfish during the 50-day 
rearing period, with feed supplemented with octopus ink extract, ranged from 4.08 to 5.18 
cm. 

 
Figure 2. Absolute Length of Catfish (Clarias sp.) 

 
Specific Weight Growth Rate 

Based on the research results, the specific weight growth rate gain of catfish during the 
50-day rearing period, following supplementation with different doses of octopus ink extract, 
ranged from 2.29 to 2.75%/day. 

 
Figure 3. Specific Weight Growth Rate of Catfish (Clarias sp.) 
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Specific Length Growth Rate 
Based on the research results, the specific length growth rate gain of catfish during the 

50-day rearing period, following supplementation with different doses of octopus ink extract, 
ranged from 1.07 to 1.27%/day. 

 
Figure 4. Specific Length Growth Rate of Catfish (Clarias sp.) 

 
DISCUSSION 

 
Absolute Weight 

Based on the research findings, the highest absolute length of catfish (Clarias sp.) was 
obtained in treatment C, with the addition of octopus ink extract at a dose of 75 mL/kg of 
feed, reaching 5.18 ± 0.33 cm. The high absolute length observed in treatment C was 
presumably associated with the potential nutritional content and bioactive compounds 
present in octopus ink. Anh et al. (2021) reported that ink from several cephalopod species, 
including octopus (Amphioctopus aegina), contains protein. Furthermore, Jeyasanta & 
Patterson (2019) explained that squid ink extract (Loligo duvauceli) contains protein and 
various bioactive compounds, including amino acids. Protein is an essential nutrient that 
provides amino acids required for protein synthesis and body tissue formation. In fish growth, 
these processes play an important role in muscle tissue development and increased body size, 
including length increment.  

In addition to its nutritional content, the high absolute length observed in treatment C 
was also presumed to be associated with the potential antioxidant activity of bioactive 
compounds in octopus ink. Khandelwal et al. (2023) reported that squid ink extract 
(Sepioteuthis lessoniana) exhibits antioxidant activity through its free radical scavenging 
capacity. This activity may help reduce the effects of oxidative stress, which can interfere with 
cellular functions and metabolic processes. Maintaining physiological homeostasis may allow 
metabolic processes and nutrient utilization to function effectively, thereby enabling nutrients 
from feed to support the formation and development of fish body tissues. 
Absolute Length  

Based on the research findings, the highest absolute length of catfish (Clarias sp.) was 
obtained in treatment C, with the addition of octopus ink extract at a dose of 75 ml/kg feed, 
reaching 5.18 ± 0.33 cm. This value was higher than those obtained in treatments K+, K−, A, 
and B. The higher absolute length observed in treatment C was presumably associated with 
the potential nutritional content and bioactive compounds present in octopus ink. Saputra et 
al. (2025) explained that octopus ink has the potential to be utilized as an additional nutritional 
source because it contains several components, including protein, fat, ash, and carbohydrates. 
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These nutritional components may contribute to improving the quality of feed consumed by 
fish. Protein, in particular, is an essential nutrient that provides amino acids for protein 
synthesis, muscle tissue formation, and body tissue growth. This is consistent with the findings 
of Saputra et al. (2025), who reported that the addition of octopus ink extract to catfish feed 
resulted in the best growth performance at a dose of 160 ml/kg feed, based on absolute 
weight gain and specific growth rate parameters. 

In addition to its nutritional content, the higher absolute length observed in treatment 
C was also presumably associated with the presence of bioactive compounds in octopus ink, 
particularly melanin. Derby (2014) explained that melanin is one of the main components 
responsible for the black coloration of cephalopod ink. Liu et al. (2023) also reported that 
melanin derived from squid ink possesses free radical-scavenging properties. This antioxidant 
activity may help reduce the effects of oxidative stress, which can interfere with cellular 
functions and physiological metabolic processes. Maintaining physiological conditions may 
allow metabolic processes to function properly, enabling nutrients from feed to be utilized to 
support fish growth. 
Specific Weight Growth Rate 

Specific weight growth rate is a measure of fish growth expressed as the percentage 
increase in body weight per day. Based on the graph in Figure 3, the highest specific weight 
growth rate during the rearing period was observed in treatment B, with an average value of 
2.75%/day. Meanwhile, the lowest value was recorded in treatment K+, at 2.29%/day. The 
high value was presumably associated with the potential bioactive compounds present in 
octopus ink, which may support the physiological condition of fish. Sabry et al. (2023) 
explained that cephalopod ink contains various bioactive compounds, including melanin, 
oligopeptides, polyphenols, flavonoids, alkaloids, polysaccharides, and fatty acids, which 
exhibit various biological activities. The presence of these compounds indicates that octopus 
ink has the potential to be utilized as a source of bioactive substances that may support the 
physiological functions of aquatic organisms.  

Furthermore, the high specific weight growth rate observed in treatment C was 
presumed to be associated with the potential antioxidant activity of melanin found in octopus 
ink. According to Guo et al. (2014), squid ink melanin exhibits superoxide and hydroxyl radical 
scavenging activities. These antioxidant activities may help reduce the effects of oxidative 
stress, which can interfere with cellular functions and metabolic processes. Maintaining 
physiological homeostasis may allow metabolic processes to function properly, thereby 
enabling nutrients from feed to be utilized more efficiently to support fish growth.  
Specific Length Growth Rate 

Based on the research findings, the highest specific length growth rate of catfish (Clarias 
sp.) was obtained in treatment C, with the addition of octopus ink extract at a concentration 
of 75 mL/kg of feed, reaching 1.27 ± 0.07%/day. This value indicates an increasing trend 
compared with treatments K+, K−, A, and B. The high specific length growth rate observed in 
treatment C was presumably associated with the contribution of additional nutrients and 
bioactive compounds contained in octopus ink. Langi et al. (2024)explained that the growth 
of African catfish (Clarias gariepinus) is influenced by the nutritional adequacy of feed, 
particularly protein, lipids, carbohydrates, vitamins, minerals, and amino acids. The availability 
of nutrients that meet fish requirements plays an important role in supporting body growth 
and development. 

Furthermore, the high specific length growth rate in treatment C was presumed to be 
associated with the antioxidant activity of melanin compounds found in cephalopod ink. Le et 
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al. (2024) reported that melanin extracted from cuttlefish ink (Sepia pharaonis) was capable 
of reducing intracellular reactive oxygen species (ROS) levels and increasing the activity of 
antioxidant enzymes. 
 

CONCLUSION  
 

Based on the research findings, the addition of octopus ink extract to catfish (Clarias sp.) 
feed had a significant effect on growth performance. This was demonstrated by increases in 
absolute weight gain, absolute length gain, specific weight growth rate, and specific length 
growth rate. The best growth performance was obtained in treatment C, with an octopus ink 
extract dose of 75 mL/kg of feed. Therefore, octopus ink extract has the potential to be utilized 
as a natural feed supplement to improve the growth performance of catfish (Clarias sp.). 

 
ACKNOWLEDGEMENT 

 
I would like to express my sincere gratitude to my supervisors, Rangga Idris Affandi, S.Pi., 

M.P., and Dr. Nunik Cokrowati, S.Pi., M.Si., for their invaluable guidance and support 
throughout this research. I would also like to extend my appreciation to all faculty members, 
laboratory staff, and friends for their assistance and cooperation. Furthermore, I am deeply 
grateful to my family for their constant encouragement and support, which have played an 
important role in helping me complete this research. 

  
REFERENCES 

 
Affandi, R. I., Azhar, F., Scabra, A. B., 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. Aquaculture, Aquarium, Conservation & 
Legislation, 18(1), 500–511. 

Aldo, D. (2019). Pemilihan Bibit Lele Unggul dengan Menggunakan Metode Weighted Product. 
Jurnal Teknologi Dan Open Source, 2(1), 15–23. 

Anh, N. P., Ky, P. X., Ha, D. V., Hy, L. H. K., Thiet, D. T., & Vy, P. B. (2021). Antioxidant Activity 
of Extract from Some Squid Species in Khanh Hoa. Tạp Chí Khoa Học và Công Nghệ Biển, 
20(4A), 187–198. https://doi.org/10.15625/1859-3097/15660 

Augusta, T. S. (2012). Aklimatisasi Benih Ikan Nila (Oreochromis spp) dengan Pencampuran Air 
Gambut. JURNAL ILMU HEWANI TROPIKA (JOURNAL OF TROPICAL ANIMAL SCIENCE), 
1(2), 78–82. 

Derby, C. (2014). Cephalopod Ink: Production, Chemistry, Functions and Applications. Marine 
Drugs, 12(5), 2700–2730. https://doi.org/10.3390/md12052700 

Guo, X., Chen, S., Hu, Y., Li, G., Liao, N., Ye, X., Liu, D., & Xue, C. (2014). Preparation of Water-
Soluble Melanin from Squid Ink using Ultrasound-Assisted Degradation and its Anti-
Oxidant Activity. Journal of Food Science and Technology, 51(12), 3680–3690. 
https://doi.org/10.1007/s13197-013-0937-7 

Jeyasanta, I., & Patterson, J. (2019). Bioactive Properties of Ink Gland Extract from Squid Loligo 
duvauceli. Ecologia, 10(1), 9–19. https://doi.org/10.3923/ecologia.2020.9.19 

 
 



 
Journal of Fish Health, 6(4), 571-579 (2026)  
Ariansyah et al. (2026) 
https://doi.org/10.29303/jfh.v6i4.12100 

e-ISSN: 2798-2955 579  

Khandelwal, S., Devi, N. R., Subramaniyan, M., & Pappu, S. (2023). Physicochemical 
Characterization and Therapeutic Potential of Ink from Squid, Sepioteuthis lessoniana. 3 
Biotech, 13(12), 418. https://doi.org/10.1007/s13205-023-03830-6 

Kipalahi, S. O., Hamady, M., & Abou-Tour, E.-S. M. (2024). Octopus Ink as a Source of Melanin: 
Preparation, Evaluation, and Utilization. Alexandria Journal of Food Science and 
Technology, 22(1), 1–12. 

Langi, S., Maulu, S., Hasimuna, O. J., Kaleinasho Kapula, V., & Tjipute, M. (2024). Nutritional 
Requirements and Effect of Culture Conditions on the Performance of the African Catfish 
(Clarias gariepinus): a Review. Cogent Food & Agriculture, 10(1). 
https://doi.org/10.1080/23311932.2024.2302642 

Le, T.-K., Lai, S.-Y., Huang, Y.-W., Chen, Y.-T., Hou, C.-Y., & Hsieh, S.-L. (2024). Antioxidant 
Activity and Mechanism of Melanin from Cuttlefish (Sepia pharaonis) Ink on Clone-9 
Cells. Food Bioscience, 60, 104444. https://doi.org/10.1016/j.fbio.2024.104444 

Liu, S., Liu, X., Zhang, X., Su, Y., Chen, X., Cai, S., Liao, D., Pan, N., Su, J., Chen, X., Xiao, M., & 
Liu, Z. (2023). Exploring the Potential of Water-Soluble Squid Ink Melanin: Stability, Free 
Radical Scavenging, and Cd2+ Adsorption Abilities. Foods, 12(21), 3963. 
https://doi.org/10.3390/foods12213963 

Mata, T. C. M. M., Tangguda, S., & Valentine, R. Y. (2022). Manajemen Pemberian Pakan Pada 
Pembesaran Ikan Lele Sangkuriang (Clarias gariepinus) Di Balai Benih Ikan (BBI) Lewa, 
Sumba Timur, Nusa Tenggara Timur. Jurnal Megaptera, 1(1), 39–46. 

Nazlia, S., & Zulfiadi, Z. (2018). Pengaruh Tanaman Berbeda pada Sistem Akuaponik Terhadap 
Tingkat Kelangsungan Hidup dan Pertumbuhan Benih Ikan Lele (Clarias sp). Acta 
Aquatica: Aquatic Sciences Journal, 14–18. https://doi.org/10.29103/aa.v5i1.527 

Nuryati, S., Wahjuningrum, D., Zulhelmi, A., & Kurniaji, A. (2024). Efektivitas Ekstrak Seduhan 
Batang Pohon Pisang Ambon Dalam Mencegah Infeksi Aeromonas hydrophila pada Larva 
Ikan Nila. Media Akuakultur, 19(2), 55–62. https://doi.org/10.15578/ma.19.2.2024.55-
62 

Sabathini, E., Affandi, R. I., & 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. 
https://doi.org/10.29303/jfh.v6i2.10117 

Sabry, M. O., Sabry, O. M., & Caprioli, G. (2023). Intriguing Diverse Chemistry and Unique 
Molecular Mechanisms: New Medicines with Diverse Pharmacological Activities from 
Cephalopods Ink. Natural Product Research, 37(11), 1909–1916. 
https://doi.org/10.1080/14786419.2022.2119567 

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. 

Sitio, M. H. F., Jubaedah, D., & Syaifudin, M. (2017). Kelangsungan Hidup dan Pertumbuhan 
Benih Ikan Lele (Clarias sp.) pada Salinitas Media yang Berbeda. Jurnal Akuakultur Rawa 
Indonesia, 5(1), 83–96. 

Vijayaram, S., Sun, Y.-Z., Zuorro, A., Ghafarifarsani, H., Van Doan, H., & Hoseinifar, S. H. (2022). 
Bioactive immunostimulants as health-promoting feed additives in aquaculture: A 
review. Fish & Shellfish Immunology, 130, 294–308. 

Wicaksana, S. N., Hastuti, S., & Arini, E. (2015). Performa Produksi Ikan Lele Dumbo (Clarias 
gariepinus) yang Dipelihara dengan Sistem Biofilter Akuaponik dan Konvensional. 
Journal of Aquaculture Management and Technology, 4(4), 109–116. 


