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ABSTRACT 
 
This research aims to examine the effect of adding fish oil on the growth performance and 
content of Omega-3 fatty acids in Pangasius catfish (Pangasius sp). The research carried 
out in October and November 2021 at the Faculty of Fisheries, Padjadjaran University. 
Pangasius catfish with an average weight of 12.41 gram were reared in a fiber tank with 
stocked with 15 giving a stocking density of 10 fish

-1
 m

2
. The fish were reared for 28 days. 

This study used a completely randomized design with five treatments with fish oil 
supplemented to the feed at 0%, 3%, 4%, 5%, and 6% with each treatment consisting of 
three replications. The fish were fed twice a day at 08:00 am and 16:00 pm West Indonesian 
time, at a feeding level of 3% of the fish biomass per day. The feed used was pellet for 
catfish from Hi Provite PF 781 brand. Parameter tested included SGR, feed efficiency, 
omega-3 content and water quality. The result showed optimum application of fish oil 
increasing growth performance, the highest SGR was 2.07% day

-1
, the best efficiency feed 

85.85%, EPA content was 30.7 mg
-1 

100 gram and DHA was 10.6 mg
-1 

100 gram.  
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1. INTRODUCTION  
 

Pangasius catfish is a type of freshwater consumption fish that has good prospects because 
of its high selling value and easy cultivation. Pangasius catfish are classified as omnivores 
and tend to be carnivores and feeding habits that are influenced by the type and amount of 
food in the maintenance media or their habitat [27]. Pangasius catfish have benefits as a 
source of a high supply of animal protein and as an ornamental fish, in 159 gram fillet 
contains 24.7 gram, with 14.53% protein, 1.03% fat, 0.74% ash, and 82.22% water [36]. 

Fatty acids are classified based on their structure, carbon-chain length (short, medium, or 
long), degree of saturation (number of double bonds), and location of double bonds [22]. 
Classification of the double bond, fatty acids are divided into two parts, namely saturated 
fatty acids and unsaturated. Omega-3 fatty acids are polyunsaturated fatty acids that have 
many double bonds and are derivatives of their precursors, namely the essential fatty acids 
linoleic and linolenic [1]. Essential fatty acids cannot be formed by the body, so they must be 
supplied from food. The precursor enters the elongation and desaturation process which 
produces three forms of omega-3 fatty acids, namely LNA/ALA (alpha-linoleic acid (C1:3, n-
3)), EPA (eicosapentaenoic acid (C20:5,n-3) ), and DHA (docosahexaenoic (C22:6, n-3) [9]. 

         Apart from being used as an energy source, fat also functions as a source of 
essential fatty acids [12]. Essential fatty acids are fatty acids that cannot be synthesized by 



 

 

the body and come from the fish food source itself, so they need to be added to the feed. 
Fish oil is a source of essential fatty acids. Fatty acids play an important role in supporting 
metabolic activities, precursors of several prostanoids, substrates for the formation of 
lipoxygenase, membrane components, and main precursors for the formation of leukotrienes 
[18]. Fat can also be used as a protein-sparing effect in forming tissue so that the use of 
protein can be optimized as a source of growth for fish [44]. 

           One of the main components of food that has a positive impact on health is fat that 

has multifunctionality, namely as the largest energy contributor (30% or more of the total 
energy needed by the body) and is a source of essential fatty acids linoleic and linolenic [12]. 
In addition, it is used as an energy source, part of cell membranes, mediator of biological 
activity between cells, insulator in maintaining the balance of body temperature, protecting 
body organs and solvents for vitamins A, D, E, and K. Omega-3 unsaturated fatty acids, It 
plays an important role in the morphological, biochemical, and molecular development of the 
brain and other organs. The deficiency of omega-3 fatty acids caused by inadequate intake 
or due to diseases that reduce absorption can inhibit brain development, physical health, 
and environmental interactions and have a strong effect on the formation of cognitive 
development [16].  

 Fish oil can be a source of energy that increases growth and the content of Omega-
3 in fish. Growth of Angulia bicolor bicolor increased at the limit of 10% fish oil addition 
supplementation [28]. Addition of 10% soybean oil mixed with feed in catfish increased 
growth performance and omega-3 fatty acid levels by 8.33%, EPA content 5.05%, and DHA 
1.14% [37]. Omega-3 levels in Monopetrus albus also increased through the addition of 
lemuru oil at a dose of 4-8% to the feed [17]. The purpose of this study was to improve 
growth performance and omega-3 content in catfish by adding fish oil to feed.  

2. METHODS 

This research was carried out for 28 days in October 2021 at the Faculty of Fisheries, 
Padjadjaran University. The research used was experimental with a Completely Randomized 
Design (CRD) with 5 treatment and each treatment consisting of three replications.  

2.1 Test Feed 

Preparation of the test feed was started by mixing the feed with fish oil according to the 
treatment, namely 0%, 3%, 4%, 5% and 6%. The feed used was pellet for catfish from Hi 
Provite PF 781 brand. Feed has been set by 3% of whole weight test fish mixed with fish oil 
was added with 5 g of progol which functions as a feed adhesive and fish oil. Then the feed 
dried until the fish oil glued and not come off the feed. After the feed dry, the feed is put in a 
plastic ziplock and stored in a dry place.  

Treatment A: Control (without the addition of fish oil), Treatment B: Addition of 3% fish oil, 
Treatment C: Addition of 4% fish oil, Treatment D: Addition of 5% fish oil, and Treatment E: 
Addition of 6% fish oil 



 

 

2.2 Pisciculture 

Test fish used in this study was Pangasius catfish from Purwakarta, West Java. Pangasius 
catfish sized 9-11 cm with an average weight of 12.41 gram. The fish are adapted to the new 
environment first and the feed given in a fiber tank with a volume of 450 liters. Then 
transferred to the rearing container as many as 15 test fish per fiber tub with a volume of 240 
liters which had previously been weighed. Feeding performed every day at 08:00 West 
Indonesian time (morning) and 16:00 West Indonesian time (evening). Siphoning is carried 
out every day, while water changes are carried out 4 times a day 35% of water with water 
that has been deposited first. Maintenance was carried out for 28 days of observation. At the 
beginning and end of rearing several fish samples were taken for proximate analysis and 
fatty acid omega-3 analysis. Water quality was testing  

2.3 Observation Parameters 

2.3.1 Specific Growth Rate (SGR) 

The test fish were calculated using the following equation [42]: 

 

Information: 
Wt     = Average weight of fish at the end of rearing (g) 
Wo    = Average weight of fish at the beginning of rearing (g) 
t        = Length of time of rearing 

2.3.2 Feed Efficiency 

The formula used to calculate feed efficiency is [31]: 

 
Information: 
EP = Feed efficiency (%) 
Wt = Final fish weight (g) 
Wo = Initial fish weight (g) 
D = Dead fish weight (g) 
F = Amount of feed consumed (g) 

2.3.3 Proximate Analysis and Omega-3 Fatty Acids Proximate 

Proximate analysis of pangasius catfish flesh was carried out at the Laboratory of ruminant 
nutrition and animal feed chemistry, Faculty of Animal Science, Padjadjaran University. 
Omega-3 fatty acids were tested using the Gas Chromatography method at the Indo 
Genetech Laboratory. Measurement of omega-3 using split metode injection, 1.0 µL injection 
volume, temperature 240ºC, 30 ml/min flow H2 and 300 ml/min air flow. 

The formula used to calculate fatty acid in injection is [2]: 



 

 

 

The formula used to calculate fatty acid in sample is [2]: 

 

The formula used to calculate unsaturated fatty acid level is [2]: 

 
 

2.3.4 Data Analysis  

Parameters specific growth rate (SGR) and feed efficiency were tested used analysis of 
variance/F test and further tests used Duncan's test to see the effect of treatment on each 
parameter to be tested, at a 95% confidence level. Water quality parameters were analyzed 
descriptively. 

3. RESULTS AND DISCUSSION 

3.1 Specific Growth Rate (SGR) 

The biomass data for Pangasius catfish during the study is shown in Figure 1. Based on 
these data, each treatment showed a different average increase in biomass. The average 
initial biomass of Pangasius catfish was 178.48 g – 190.62 g and at the last observation, the 
biomass reached 294.17 g – 238.89 g. The highest increase in average growth value was in 
treatment C with an average final biomass of 252.87 g. 

Fig 1. Diagram of Pangasius Catfish Biomass 

The SGR yield of pangasius catfish was still relatively good at>0.72% [4] and the highest 
yield of 2.11% was comparable to the biomass value obtained during the study. This shows 



 

 

that the application of fish oil to commercial feed is still in a good range for the specific 
growth rate, where the results obtained are 1.69%-2.07%. The difference in average growth 
in each treatment was caused by the addition of fish oil which is fat into the feed, causing a 
larger source of energy to be used in activities such as movement or metabolism, while the 
energy source from protein can be optimized in the utilization of fish growth. The addition of 
fish oil increases biomass of Pangasius catfish by 62.12% [23] and increased the growth 
rate and survival of tilapia [13]. The addition of fish oil to Pangasius catfish feed showed a 
positive impact on its growth by considering the limit of fish oil content given. 

 
Fig 2. Diagram of Pangasius Catfish Specific Growth Rate  

Fat that enters the body becomes one of the energy contributors to support metabolic 
activities so that most of the protein from feed can be utilized to support growth. However, 
the high-fat content due to the addition of fish oil causes the activity of lipogenic enzymes to 
decrease, thereby inhibiting fatty acid synthesis [44]. The high-fat content in the feed will 
increase the chance of fat peroxidase and affect the sensory attributes of the muscles [6] 
bureau. This can result in lower growth rates and increased feed conversion. The low-fat 
content in feed results in less than optimal growth because the fat content in the feed given 
is only used for body maintenance and replacing damaged cells [23]. 

3.2 Feed Efficiency 

Feed efficiency is the level of utilization of feed provided to support fish growth. The 
utilization rate is seen from the addition of fish weight and the amount of feed given for a 
certain time. The feed efficiency of Pangasius catfish during the study was different effect in 
every treatment, treatment C (85.85% ± 2.91

d
), treatment A (69.66%), treatment B (78.25%± 

1.81
c
), treatment D (81.15% ± 0.85

c
) and treatment E (74.12% ± 1.36

b
). 



 

 

 

Fig. 3 Diagram of Feed Efficiency 

The value of feed efficiency in each treatment during the study was classified as good 
(69.66%-85.85%), feed can be said to be good if the feed efficiency value is more than 50% 
or even close to 100% [8]. High feed efficiency indicates optimal feed use so that protein can 
be used for growth because only a small amount of protein is utilized for energy needs [29]. 
This supports the results of the specific growth rate of pangasius catfish during maintenance 
which is classified as good in each treatment. 

Treatment with the added fish oil more than 4% showed an increase and decrease in several 
weeks of rearing, which was directly proportional to the specific growth rate which was 
smaller than treatment C (4% fish oil). Adaptation of feed with the addition of fish oil was 
better by pangasius catfish during rearing. Fish oil is not only used as a source of fat but also 
functions as an attractant. This attractant can cause an odor in the feed so that it makes fish 
eat it [3]. The difference in feed efficiency values is thought to be due to the digestibility of 
different feeds. One of the indicators used to assess the level of efficiency of feed given to 
fish is feed digestibility [10]. 

3.3 Proximate Analysis and Fatty Acid Omega-3 

         The following is the result of the proximate analysis of pangasius catfish at the 
beginning of the study, the treatment without the addition of fish oil, and the addition of 4% 
fish oil.  

Table 1. Results of Proximate Analysis Pangasius Catfish 

Perlakuan 
Water 

% 
Ash 
% 

Protein 
% 

Fat 
 % 

Carbohydrate 
% 

Gross Energy 
Kcal/kg 

Fish initial 81,90 
3.37 

18,59 6,10 66,41 3801 

Fish without addition 
fish oil 44,05 5.19 21,13 7,71 67,79 4173 

Fish with addition 4% 
fish oil  

34,08 
1.97 

22,42 9,20 70.12 4333 



 

 

Fat content in fish at the beginning of rearing, treatment A and treatment C of 6.10%, 7.71% 
and 9.20. Pangas catfish contain a fat content of 5.49% [45]. The fat content in fish is 
obtained from the consumption of available feed which is then absorbed or synthesized by 
the liver. The fat anabolism process goes through several stages, namely the formation of 
glycerol, the formation of fatty acid molecules and the condensation of fatty acids with 
glycerol to form fats [38]. Fat catabolism occurs by the breakdown of fats into fatty acids and 
glycerol. Fatty acids will go through the beta-oxidation process to produce acetyl CoA which 
enters the Krebs cycle and produces energy [43]. Through the process of fat metabolism, 
higher fat content which is one of the energy sources has the potential to increase the 
amount of energy in fish. In addition, the results of fatty acids derived from fat in the feed will 
produce omega-3 which are essential fatty acids in the body. 

Pangas catfish contains a water content of 77.43% [34] which indicates that the water 
content of Pangas catfish in nature contains a high water content equal to the water content 
of the control treatment. The water content has the opposite relationship with the fat content, 
namely the higher the water content in the fish, the lower the fat content [41]. The entry of 
water into the spaces between cells and plasma. Fish with red meat has a low protein 
content, but a higher water content [20]. White fish meat has a high protein content and low 
water content. Pangas catfish have a flesh color that tends to be whiter in color compared to 
other fish that have a higher protein content. 

The protein content of the catfish pangas increased from the beginning, the control, and 
treatment C at the end of the rearing with values of 18.59%, 21.13%, and 22.42%, 
respectively, when compared to the cultured catfish pangas containing 18.9% protein 
content while in nature it was 20.2% [21], the results of this study showed that the difference 
in numbers was not significant but there was an increase in treatment C (4% fish oil). The 
level of digestibility of each content in the feed source will affect the content of the fish. The 
level of protein and fat digestibility in fish will be directly proportional, if there is an increase 
in protein digestibility, there will be an increase in fat digestibility and vice versa [25]. This 
happens because the fatty acids contained in the fat are used to contribute fish metabolism 
which can affect protein digestibility. So that the addition of fish oil in feed containing fatty 
acids has an effect on protein levels in fish, feeding with fatty acid content in Kuwe fish 
affects protein digestibility [33]. One of the functions of protein, namely as a source of 
energy, has been fully fulfilled through the existing fat. 

Carbohydrates increased in the initial, control, and treatment C fish with values of 66.41%, 
67.79%, and 70.12%, respectively, this increase indicates that the pangasius catfish can 
utilize nutrients in the feed. Carbohydrates and fats have a big role in meeting the needs of 
fish intake. The increase in carbohydrates was in line with the increase in fat in Pangasius 
catfish. Carbohydrates will be converted into glucose which is used for energy needs, some 
will be stored as glycogen in the liver and fish meat and some will be converted into fat and 
will be stored in fat tissue [15]. The ash content of Pangasius catfish meat during the study 
was still relatively low. Ash content is influenced by the high and low levels of minerals in fish 
meat, minerals play an important role in body functions, at every level of cells, tissues, 
organs, and even the function of the body as a whole [35]. 

Pangasius catfish have an energy value of 2070 to 2210 Kcal/kg [19]. The increase in 
energy until the end of rearing indicates the utilization of energy from the feed given. Fat in 
the body is more likely to be stored in the body as an energy source that is utilized for growth 
[26] meyer. The feed with fish oil added had a higher energy content than the feed without 
fish oil added. The higher energy will support the activity of the pangasius catfish, which will 
be utilized in the process of metabolism, movement, growth, and reproduction. Optimal 



 

 

growth for fish requires an energy of 3320 Kcal so growth and energy utilization in this study 
are classified as optimal [11]. 

The effect of adding fish oil to the feed on the levels of EPA and DHA in treatments A and C 
can be seen in Table 2. 

Table 2. Results of analysis of EPA and DHA Content of Pangasius Catfish 

Treatment EPA (mg
-1

 100 gr) DHA (mg
-1

 100 gr) 

Fish without addition fish oil 7.3 24 

Fish with addition 4% fish oil 10.6 30.7 

The addition of fish oil showed an increase in EPA levels in treatment C reaching 27.91% 
and DHA reaching 31.13%. Pangasius catfish contains EPA 8.5-23.8 mg-1 gram and DHA 
2.55-11.05 mg-1 100 gram [14]. Catfish also experienced an increase in EPA 115.56% and 
DHA 114.47% with the addition of 4% fish oil to the feed. Feeding a feed with a higher 
omega-3 content will further increase the omega-3 content in fish, but if the feed is given a 
lower omega-3 content it will produce higher omega-9 and vice versa [43]. The addition of 
5% fish oil to eel increased EPA 0.51 mg-1 100 gram and decreased omega-3 yield with 
feeding >5% fish oil [28]. The difference in the results obtained is thought to be due to 
differences in the type of fish, the fish oil used, and the time of maintenance carried out [28]. 

The process of fat metabolism including omega-3 fatty acids occurs in the liver, especially in 
the cytoplasm [43]. EPA and DHA anabolism begins with the breakdown of fat from feed into 
glycerol which will eventually produce palmitate CoA which will synthesize long and short-
chain unsaturated fatty acids. The formation of EPA and DHA is assisted by elongase and 
desaturase enzymes [9]. However, omega-3 fatty acids are essential fatty acids that must be 
supplied from the given feed source [18]. The addition of fish oil with a high content of 
unsaturated fatty acids is the main source of ingredients for the formation of EPA and DHA 
in pangasius catfish.  

3.5 Water Quality  

Water quality during the study for each treatment is presented in the table. 3. Water quality is 
one of the factors in the environment of fish living media that affects the survival and growth 
of fish. Measurement of water quality aims to see if some parameters are still within 
tolerance and support the growth of good pangasius catfish. The results of water quality 
measurements in each treatment were relatively the same, this shows that feeding with the 
addition of fish oil did not change the water quality of the rearing media. 

Table 3. Results of Water Quality  

Parameter Unit Range Value 

Temperature 
0
C 23-30 

pH - 7.1-8.2 

Dissolved Oxygen mg/L 5.9-7.5 

Ammonia mg/L 0-0.3 

The temperature range of 25-32°C is optimal temperature for supporting growth for tropical 
aquatic organisms [30]. In most fish species, the metabolic rate above the optimum 
temperature will increase and energy begins to be diverted from growth to compensate for 
the high metabolic rate so that the growth rate decreases [39]. The pH content during the 
study did not change significantly in each treatment and was still in the concentration range 



 

 

that supported the growth of catfish. The pH suitable for the life of the pangasius catfish 
ranges from 6.5 to 8.0 [32].  

Dissolved oxygen content ranged from 6-7.4 mg/L is optimal for fish [7], this content was 
relatively constant until the end of the study because each maintenance container was 
equipped with aeration equipment to supply oxygen. The standard dissolved oxygen content 
for the growth of pangasius catfish is DO 3 mg/L [24]. Ammonia levels during the study were 
quite low due to regular siphoning and water changes. Ammonia content is toxic at 
concentration of 0.6-2.0 mg/L [5]. Fish excrete 80-90% of ammonia (N-inorganic) through the 
process of osmoregulation, while from feces and urine about 10-20% of total nitrogen [40].  

4. CONCLUSION 

Based on the results obtained, the optimum application of fish oil in feed increasing SGR 
increasing growth performance, the highest SGR was 2.07% day

-1
, the best efficiency feed 

85.85%, EPA content was 30.7 mg
-1 

100 and DHA was 10.6 mg
-1 

100 gr. 

REFERENCES 

1. Almatsier S. Basic principles of nutrition. Main Library Gramedia. 2004. 
2. AOAC. Analysis of oil and fat. Association of Official Agric. 2000;41:26-28.  
3. Arief M, Yudiarto S, Agustono. pengaruh penambahan atraktan yang berbeda dalam 

pakan pasta terhadap retensi protein, lemak dan energi benih ikan sidat (Anguilla 
bicolor) Stadia Jurnal Ilmiah Perikanan Dan Kelautan, 2012;4(2):135–140. 

4. Bokings L, Koniyo Y, Juliana. Growth and survival of Siamese catfish fry with 
artificial feed and silk worms. Scientific Journal of Fisheries and Marine Affairs. 
2016;4(3): 81–88. 

5. Boyd CE. Water quality management for pond fish culture. Elsevier Scientific 
Publishing Company inc. New York. 1990. 

6. Bureau DP, Hua K, Harris AM. The effect of dietary lipid and long-chain n-3 PUFA 
levels on growth, energy utilization, carcass quality, and immune function of rainbow 
trout, Oncorhynchus mykiss. Journal of the World Aquaculture Society. 2005;29:1–
21. 

7. Cholik FR, Jauzi A, Poernomo P. Aquaculture: hope for the nation's future. 
Archipelago Fisheries Society and Freshwater Aquarium Park – TMII. 2005. 

8. Craig S, Helfrich LA. 2002. Understanding Fish Nutrition, Feeds and Feeding. 
Cooperative Extension Service Publication. Virginia State University, USA. 

9. Diana FM. OMEGA 3. Journal of Public Health. 2012;6(2):113–117. 
10. Gunadi B, Febrianti R and Lamanto. Digestibility performance of sinking and floating 

feed for Dumbo catfish (Clarias gariepinus) with and without aeration. Proceedings 
of the Aquaculture Technology Innovation Forum. 2010;823-829. 

11. Haetami. 2007. Consumption and feed efficiency of Jambal Siam fish fed with 
different protein energy levels. Journal of Aquatics. 2007;3(2):146-158. 

12. Halver JE, Hardy RW. Fish nutrition. Academic Press, New York. 2003 
13. Hasan U, Siswoyo BH, Manullang HM, Irwanmay. Effect of adding fish oil to artificial 

feed on growth and survival of tilapia (Orechromis niloticus) fry. Journal of 
Aquaculture Indonesia. 20021;1(1):38–46. 

14. Hashim RB, Jamil EF, Zulkipli FH, Daud JM. Fatty acid compositions of Silver 
Catfish, Pangasius sp. farmed in several rivers of Pahang, Malaysia. Journal of 
OleoScience. 2015;209(2):205–209. 

15. Hidayaturrahmah, Santoso, HB, Nurley. Profile of liver glycogen levels in 
hyperglycemic rats after administration of catfish (Pangasius hypopthalamus) fish oil 
extract. Bomeo Journal Pharmascientech. 2017;01(02). 



 

 

16. Innis SM. The Role of dietary n-6 and n-9 fatty acids in the developing brain. 
Development Neuroscience. 2008;22:21-28. 

17. Istiqomah S, Lamid M, Pursetyo KT. Potensi penambahan minyak ikan lemuru pada 
pakan komersial terhadap kandungan asam lemak omega-3 dan omega-6 daging 
belut sawah (Monopterus albus). Jurnal Ilmiah Perikanan Dan Kelautan, 
2017;9(1):37. 

18. Izquierdo M. 2005. Essential fatty acid requirements in mediterranean fish species. 
Cahiers Options Mediterranean. 2005;63:91-102. 

19. Jahan S, Habib AHS, Islam S, Begum M, Bardhan S. Comparative study on 
proximate and mineral composition of native and hybrid Pangas (Pangasius 
pangasius, P. hypophthalmus) at raw and fried stages. Asiat Journal. soc. 
Bangladesh. 2021;47(1):13–22. 

20. Kantun W, Malik AA, Harianti. The feasibility of solid waste Tuna Loin Maddihang 
Thunnus albacares as raw material for diversified products. Indonesian Fishery 
Product Processing Society. 2015;18(3):303–314. 

21. Karl MM, Lehmann I, Ostermeyer U, Schroder U. Natural chemical composition of 
commercial fish species: characterization of pangasius, wild and farmed turbot and 
barramundi. Foods. 2016;5(58):1–14. 

22. Klek S. Omega-3 fatty acids in modern parenteral nutrition: A review of the current 
evidence. Journal of Clinical Medicine, 2016;5(3):34. 

23. Komariyah, Setiawan I. The effect of adding different doses of fish oil to artificial 
feeds on the growth of catfish (Pangasius pangasius) fry. 2009; 1(1):19-29. 

24. Manunggal A, Hidayat R, Mahmudah S, Sudinno S, Kasmawijaya A. Water quality 
and growth of catfish using biopore technology on peatlands. Journal of Fisheries 
and Marine counseling. 2018;12(1):11-19. 

25. Marzuqi M, Anjusary N. Digestibility of feed nutrients with different protein and fat 
levels in juvenile sand grouper (Epinephelus corallicola). Journal of Tropical Marine 
Science and Technology. 2013;5(2):311–324. 

26. Meyer G, Fracossi DM. Protein requirement of judia fingerlings Rhamida quelen at 
two dietary energy concentrations. Aquaculture. 2004;19:74-78. 

27. Ministry of Marine Affairs and Fisheries. 2019 Performance Report 
28. Mukti RC, Bambang N, Utomo P, Affandi R. Addition of fish oil to commercial feed 

on the growth of Anguilla bicolor bicolor. Indonesian Journal of Aquaculture. 
2014;13(1):54–60. 

29. Munisa Q, Subandiyono, Pinandoyo. Effect of different fat and energy content in 
feed on feed utilization and growth of catfish (Pangasius pangasius). Journal of 
Aquaculture Management and Technology. 2015;4(3):12–21. 

30. Murtiono LH, Yunianto D, Nuraini W. Analysis of land suitability for grouper 
cultivation with floating net cage systems with the application of geographic 
information systems in the waters of Ambon Dalam Bay. Journal of Marine 
Aquaculture Technology. 2016;6(1):1-16. 

31. NRC. Nutrient Requirements of warm water fishes and shelfish. Nutrional Academy 
of Sciences. 1997;102. 

32. Nurhamidah D. Effect of stocking density on growth performance of catfish 
(Pangasisus hyphothalamus) with a recirculation system. Bogor Agricultural 
Institute. 2017 

33. Most N, Rachmansyah, Usman. Effect of different fat sources on the growth of Kuwe 
fish, Caranx sexfasciatus. Indonesian Research Journal. 2002;8(3):25-29. 

34. Rathod NB, Pagarkar AU, Pujari KH. Shingare PE, Satam SB, Phadke GG, Gaikwad 
BV. Status of valuable components from Pangasius: A review. International Journal 
of Current Microbiology and Applied Sciences. 2018;7(4):2106-2120. 

35. RMST preparation. Making concentrate of catfish meat (Pangasius hypophthalmus) 
using ethanol solvent with different concentrates. Riau University. 2019;1-10. 



 

 

36. Rukmana HR, Yudirachman HH. The success of intensive catfish farming. Lily 
Publisher. 2016. 

37. Salasah R, Nilawati MJ. Kajian peningkatan asam lemak omega-3 epa dan dha 
pada minyak ikan lele yang diberi pakan minyak kacang kedelai. Jurnal Mitra Sains, 
2016;4(2):1–12. 

38. Siregar FA, Makmur T. Lipid metabolism in the body. Journal of Public Health 
Innovation, 2020;1(2). 

39. Stickney RR. Principle of warm water aquaculture. John Wiley and Sons. 1979. 
40. Sumoharjo. Nitrogen Waste Removal in Tilapia (Oreochromis niloticus) rearing in 

aquaponics system: bioreactor design configuration. Thesis. Postgraduate Program, 
Bogor Agricultural University. 2010. 

41. Suzuki T. Fish and krill protein: processing technology. Applied Science. London : 
Publishers Ltd. 1991 

42. Takeuchi T. Laboratory work-chemical evaluation of dietary nutrients. In:Watanabe, 
T. (Ed.). fish nutrition and mariculture. JICA, Tokyo University Fish. 1988;179-229. 

43. Tocher DR. Fatty Acids Requirements in Ontogeny of Marine and Freshwater Fish. 
Aquaculture Research. 2010;41:417-732. 

44. Wang JT, Liu YJ, Tian LX, Mai KS, Du ZY, Wang Y, Yang HJ. Effect of dietary lipid 
level on growth performance, lipid deposition, hepatic lipogenesis in juvenile cobia 
Rachycentron canadum. Aquaculture. 2005;249:439–447. 

45. Zulkiflee SZ, Yusof MF, Rahman NAA, Rostam MA. Moisture, ash and fat 
composition of Pangasianodon Hypophthalamus (Sauvage, 1878) and Pangasius 
Nasustus (Bleeker, 1863). International Journal of Allied Health Sciences, 
2020;4:1486-1495. 

 

 


