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DIETARY PROTEIN REQUIREMENT OF LEMON FIN BARB HYBRID 

(Barbonymus gonionotus Bleeker 1849 ♀ × Hypsibarbus wetmorei Smith 1931 ♂) 

FINGERLINGS 

 

By 

 

 

SUHARMILI BINTI ROSLE 

 

 

June 2017 

 

 

Chairman   :    Mohd Salleh bin Kamarudin, PhD 
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Lemon fin barb hybrid (female Barbonymus gonionotus × male Hypsibarbus 

wetmorei) was first produced in 2004 with a novel intention as a poor man’s fish. At 

present, the fish is commercially raised with tilapia or catfish diets since no specific 

diet has been developed for the hybrid. As protein is the most important and costliest 

component in an aquafeed, the dietary protein requirements of lemon fin barb hybrid 

fingerlings were investigated in this study which included the optimal dietary protein 

and energy requirements, the effectiveness of defatted black soldier fly (Hermetia 

illucens) meal, poultry offal meal and soybean meal as fishmeal replacement and the 

apparent digestibility coefficients (ADC) of selected feedstuffs. Practical test diets 

were used in all feeding trials and the effects of these diets on the growth performance, 

proximate body composition, nutrient and amino acid retentions, and 

histopathological parameters of the fish were determined. In Experiment 1, five 

isocaloric (16 kJ g-1) diets containing varying protein levels ranging from 20 to 40% 

were tested. Six diets with three dietary protein levels (25, 30 and 35%) and two energy 

levels (16 and 17 kJ g-1) were evaluated in Experiment 2 while the performances of 

five isonitrogenous (30% protein) and isocaloric (17 kJ g-1) diets with varying dietary 

level of defatted black soldier fly pre-pupae (BSFP) meal (0, 25, 50, 75 and 100%) as 

fishmeal replacement were assessed in Experiment 3. In Experiment 4 and 5, similar 

experimental protocols as in Experiment 3 were adopted in which poultry offal meal 

(POM) and soybean meal were tested as fishmeal replacement, respectively. Best diets 

from Experiments 3, 4 and 5 were simultaneously evaluated in Experiment 6 while in 

Experiment 7, the apparent digestibility coefficient (ADC) of dry matter, nutrients and 

energy of fishmeal, defatted BSFP, defatted POM, defatted soybean meal, rice bran 

and corn meal, and their apparent availability coefficent (AAC) of amino acids in the 

hybrid fish were studied.  
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The fish growth and body composition in Experiment 1 indicated that the optimal 

dietary protein requirement of lemon fin barb hybrid fingerlings was 34.6% at 16 kJ 

g-1 gross energy. In the subsequent experiment, the best fish performance was 

observed at a lower 30% protein and a higher 17 kJ g-1 gross energy with a protein-

energy ratio of 16.64 mg protein kJ-1. In Experiment 3, it was found that defatted BSFP 

meal could replace up to 75% fishmeal without affecting fish survival, growth 

performance, body composition, nutrients and amino acid retentions and 

histopathological parameters. Similar findings were made in Experiment 4 when 

poultry offal meal was used as the fishmeal replacement. In Experiment 5, soybean 

meal was found to could only replace up to 50% fishmeal. The findings of 

Experiments 3-5 indicated a minimal of 2.5 and 5% fishmeal were required in the 

hybrid fish diet when animal and plant based protein sources were used as partial 

fishmeal substitute, respectively. When the best diets from Experiment 3-5 were 

simultaneously tested, defatted BSFP as partial fishmeal replacement gave the best 

growth performance followed by defatted POM and defatted soybean meal which 

suggested that animal proteins were superior to plant proteins for the hybrid. In the 

digestibility study, the results indicated the lemon fin barb hybrid had a higher 

digestive capability to utilize animal protein sources especially fishmeal compared to 

plant based meals. Corn meal was poorly digested by the hybrid fish. In conclusion, 

the findings of this study provided an important and vital information for the 

development of a practical specific diet for lemon fin barb hybrid. 
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KEPERLUAN PROTEIN ANAK KERAI LAMPAM  

(Barbonymus gonionotus Bleeker 1849 ♀ × Hypsibarbus wetmorei Smith 1931 ♂) 

 

Oleh 

 

 

SUHARMILI BINTI ROSLE 

 

 

Jun 2017 

 

 

Pengerusi      :         Mohd Salleh bin Kamarudin, PhD 

Fakulti          :         Pertanian 

 

 

Kerai lampam (betina Barbonymus gonionotus × jantan Hypsibarbus wetmorei) telah 

mula dihasilkan pada tahun 2004 dengan tujuan murni untuk dijadikan sebagai ikan 

rakyat. Pada masa kini ikan ini dikultur secara komersial menggunakan diet tilapia 

atau keli disebabkan tiada diet spesifik telah dihasilkan bagi hibrid ini. Oleh kerana 

protein merupakan komponen penting dan termahal dalam sesuatu makanan ikan, 

keperluan protein bagi kerai lampam telah disiasat dalam kajian ini termasuk 

keperluan optimal protein dan tenaga, keberkesanan tepung pupa lalat (Hermetia 

illucens) yang dinyah lemak, tepung perut ayam dan tepung kacang soya sebagai 

pengganti tepung ikan dan  pekali kebolehcernaan nyata (ADC) bagi bahan makanan 

terpilih. Diet praktikal telah digunakan dalam semua ujian makanan dan kesan diet 

terhadap prestasi pertumbuhan, komposisi proksimat badan, retensi nutrien dan asid 

amino, dan parameter histopatologi ikan berkenaan telah ditentukan. Dalam 

Eksperimen 1, lima diet isokalori (16 kJ g-1) dengan paras protein yang berbeza di 

antara 20 hingga 40% telah diuji. Enam diet dengan tiga paras protein (25, 30 dan 

35%) dan dua paras tenaga (16 dan 17 kJ g-1) telah dinilai dalam Eksperimen 2 

sementara lima diet isonitrogenus (30% protein) dan isokalori (17 kJ g-1) dengan 

berbeza paras tepung pre-pupa lalat black soldier (BSFP) yang dinyah lemak (0, 25, 

50, 75 dan 100%) sebagai pengganti tepung ikan telah dinilai di Eksperimen 3. Dalam 

Experimen 4 dan 5, protokol eksperimen dalam Eksperimen 3 telah digunakan di mana 

tepung perut ayam (POM) dan tepung kacang soya masing-masing diuji sebagai 

pengganti tepung ikan. Diet terbaik daripada Eksperimen 3, 4 dan 5 telah dinilai secara 

serentak dalam Eksperimen 6 sementara dalam Eksperimen 7, pekali kebolehcernaan 

nyata (ADC) bagi bahan kering, nutrien dan tenaga tepung ikan, tepung BSFP, POM 

dan kacang soya yang dinyah lemak, dedak beras dan tepung jagung,  serta  pekali 

keberadaan nyata (AAC) amino asid dalam ikan hibrid ini telah dikaji.  
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Pertumbuhan dan komposisi badan ikan dalam Ekperimen 1 menunjukkan bahawa 

keperluan protein yang optima bagi anak kerai lampam adalah 34.6% pada 16 kJ g-1 

tenaga kasar. Dalam eksperimen seterusnya, prestasi terbaik ikan dilihat pada paras 

30% protein dan  paras tenaga kasar 17 kJ g-1 serta nisbah protein-tenaga 16.64 mg 

protein kJ-1. Dalam Eksperimen 3, didapati BSFP yang dinyah lemak berupaya 

menggantikan sehingga 75% tepung ikan tanpa menjejaskan kemandirian, prestasi 

pertumbuhan, komposisi badan, retensi nutrien dan asid amino serta parameter 

histopatologi ikan hibrid tersebut. Penemuan yang serupa telah didapati dalam 

Experimen 4 di mana tepung perut ayam digunakan sebagai pengganti tepung ikan. 

Dalam Eksperimen 5, tepung kacang soya didapati hanya berupaya menggantikan 

sehingga 50% tepung ikan. Hasil penemuan Eksperimen 3-5 menunjukkan minimum 

2.5 dan 5% tepung ikan adalah diperlukan dalam diet ikan hibrid ini jika sumber 

protein berasaskan haiwan dan tumbuhan digunakan sebagai pengganti separa tepung 

ikan, masing-masing. Apabila diet terbaik daripada Eksperimen 3-5 diuji serentak, 

tepung BSFP yang dinyah lemak sebagai pengganti separa tepung ikan telah 

memberikan prestasi pertumbuhan terbaik, diikuti oleh POM dan kacang soya yang 

menunjukkan sumber protein haiwan adalah lebih baik dari sumber protein tumbuhan 

untuk kerai lampam. Dalam kajian kebolehcernaan, keputusan menunjukkan kerai 

lampam mempunyai keupayaan kebolehcernaan yang tinggi untuk menggunakan 

sumber protein haiwan terutamanya tepung ikan berbanding bahan makanan 

berasaskan tumbuhan. Tepung jagung tidak dicerna dengan baik oleh ikan hibrid ini. 

Kesimpulannya, hasil kajian ini telah memberikan maklumat penting dan perlu ke arah 

pembangunan diet praktikal yang khusus untuk kerai lampam. 
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CHAPTER 1 

GENERAL INTRODUCTION 

The role that fisheries play in both the food and nutritional security of many rural and 

coastal populations has often been underestimated in the past (Lymer et al., 2010). 

Fisheries industry is partly responsible in providing food security to the growing 

human population as fish is continuously becoming the required source of animal 

protein to the community (Ghee-Thean et al., 2016). Globally, fish provide about 3.0 

billion people with almost 20% of their intake of animal protein and 4.3 bilion people 

with about 15% of such protein (Kim, 2015). It is due to the fact that fish contain high 

nutritional values and provide high quality protein with wide variety of vitamins and 

minerals including vitamins A and D, phosphorus, magnesium, selenium, and iodine 

(FAO, 2010).  

Fish become important in the diets and livelihoods of many poor people suffering from 

vitamin and mineral deficiencies (Roos et al., 2007). Fish contain valuable essential 

fatty acids and amino acids particularly in lysine and its protein is easily digestible 

(Lymer et al., 2010). Humans require n-3 PUFA in the diet and generally fish oils are 

rich in n-3 PUFA (Randall et al., 1990). It is apparent that fish make a valuable 

contribution to the nutritional quality of the diets for human populations of many 

developing countries in the Asia-Pacific regions (Lymer et al., 2010). In some 

countries such as Oceania, North America, Europe, Asia, Latin America and the 

Caribbean, fish is the main protein source with annual consumption of 27.0 kg, 23.6 

kg, 20.8 kg, 23.5 kg and 10.0 kg capita-1, respectively (FAO, 2016). FAO (2016) 

projected apparent fish consumption will increase in 2025 to 21.8 kg (live weight 

equivalent) capita-1, 8% above the base period level of 20.2 kg capita-1.  

The world population is projected to reach 8.1 billion in 2025 and 9.6 billion in 2050. 

Thus, it is a daunting challenge to ensure adequate food and nutrition securities for 

this growing population (FAO, 2015). In 2014, the total global capture fisheries 

production marked a new maximum production at 93.4 million tons compared to 86.9 

million tons in 2013 with aquaculture production of fish accounted for 44.1% (FAO, 

2015, 2016). It is projected that the total production will reach 196 million tons in 

2025 to fulfill the demand (FAO, 2016). Since two decades ago, fisheries has been an 

important contributing factor in Malaysia, particularly for the rural populations as they 

provide the source of income, gain of foreign exchange, employment, export potential 

and provide the main source of protein (Abu Talib & Alias, 1997). Apart from fisheries 

sector, aquaculture sector also present bright development and expansion when global 

aquaculture production in 2014 attained 73.8 million tons (FAO, 2016). The global 

aquaculture industry is not only effectively alleviating stress on natural fish resource, 

but it creates a source of income, supplies food, generates thousands of employments 

and revenues, provides healthy protein to human at a reasonable cost and also 

improves food safety and security (FAO, 2010; Olsen & Hasan, 2012).  
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Freshwater fishes are reported to be the most threatened group of vertebrates harvested 

by man (Lundgren et al., 2006; Reid et al., 2013). These researchers concluded that 

half of the world’s species have been lost during the last century due to the 

construction of dams, major river diversions and canals. The depletion of wild fish 

stocks has caused more difficulties for hatcheries to find new breeders as many 

hatcheries often rely on too few breeders to reproduce. This has resulted in lower 

production, susceptibility to diseases, inbreeding depression, production of small or 

stunted fish stocks due to no variety of genetic material in fish and poor survival rates 

in the wild (Chew & Zulkafli, 2012). 

 

 

In contemporary aquaculture, nutritionally complete feeds that contain all essential 

nutrients must be fed to fish (Bolorunduru, 2002). Lovell (1991) stated that these 

nutrients may come from natural aquatic organisms or from prepared diets. Maina et 

al. (2002) stated that the growth and survival of the fish in captivity depend on the 

nutrients in the feed given since there are very minimal or no natural sources of 

nutrition can be consumed. The authors suggested that the nutrient composition of 

feedstuffs, the biological availability of nutrients and energy in each of the ingredients 

for the species shall be known as they become the potential ingredients in formulating 

practical diets for fish. Knowledge of the optimum dietary levels of all nutrients is 

vital for the formulation of a nutritionally balanced low-cost diet for feeding fish 

(Erfanullah & Jafri, 1998). 

 

 

Protein is a major component in the fish diet as it promotes growth, health and 

involved in reproduction and body maintenance. None of the body cells can survive 

without an adequate supply of protein and protein makes about 20% of the cell mass 

(Neaves, 2002). Fuller (2004) stated that most herbivorous and omnivorous species 

require less dietary protein (25-35%) than some carnivorous species (40-50%). As 

protein constitutes the highest cost in fish feed, it is necessary to determine the best 

requirement level for survival and growth of fish (Lee et al., 2003). Ali et al. (2009) 

stated that fish consume proteins for energy, however because of expensiveness of 

proteins, fats and carbohydrates are chosen as source of energy. 

 

 

Proteins is vital for growth of fish (Lovell, 1991). However, an insufficient protein in 

the diet causes poor growth (Mohanta et al., 2008). On the other hand, only a portion 

of protein is used for production of new proteins and the surplus are transformed to 

energy if excess protein is present in the diet (Halver & Hardy, 2002). Besides, use of 

protein beyond the required level leads to a higher ammonia production which will 

affect the water quality, intake of feed and growth performance in fish (McGoogan & 

Gatlin, 2000). The efficiency of protein consumption for energy is mainly attributed 

to the way in which the excretion of ammonia from deaminated protein via the gills. 

(Fuller, 2004). The consumption protein by animals depend on the category of diet, 

protein digestibility, amino acid content, the dietary energy to ptotein ratio and the 

quantity of protein provided (Mohanta et al., 2008). Besides, Lim et al. (1979) 

mentioned that sex, size, genotype of animal and ecological conditions influence 

protein utilization. 
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Cyprinidae is a family of freshwater fishes that includes true carps or minnows and 

members of this family are also known as cyprinids (Ur-Rehman et al., 2015). In 2014, 

the culture of non-fed species increased to 22.7 million tons from 20.5 million in 2012 

(7.1 million tons of carps), representing 30.8% of global production of all farmed fish 

species (FAO, 2014, 2016). The carp production is expected to increase from 15 to 20 

million tons in 2030 (The World Bank, 2013; FAO, 2016). In 2015, the production 

from freshwater aquaculture in Malaysia was 112,145.15 tons compared to 106,731.41 

tons in 2014 (DOF, 2015, 2016). The production of carp in 2015 was only 7,379.27 

tons that is less than 7% of the total freshwater aquaculture production (DOF, 2016). 

Rohu, common carp, silver barb and bighead carp dominated the production with a 

slightly over 90% of the total production. 

 

 

Nowadays, carps have become popular among fish farmers. Their introduction in 

many countries have helped to make carps the most widely distributed freshwater fish 

in the world (McGrouther, 2012). Hypsibarbus carps, a relatively new taxon in 

Cyprinidae, are generally found in South East Asia (Rainboth, 1996). They are 

considered to be the most closely related to the genera Barbodes and Propuntius 

(Ogata et al., 2010). In Thailand, they are found in the main streams of large rivers 

such as Maeklong, Mekong and Chao Phraya basins (Jantrarotai et al., 2007). 

Rainboth (1996) reported that there are six Hypsibarbus species in Thailand which are 

H. lagleri, H. malcolmi, H. salweenensis, H. suvattii, H. vernayi and H. wetmorei. 

Lemon fin barb, Hypsibarbus wetmorei is an omnivore (Rainboth, 2012). It also 

consumes some vegetable matters and occasionally eats aquatic plants in the pond 

(DOF, 2012). Morphologically, Hypsibarbus wetmorei is fairly the same to the silver 

barb appearance, Barbonymus gonionotus except for the of reddish brown upper body 

with pelvic and anal fins red to reddish orange (Rainboth, 1996) and given a vernacular 

name of kerai kunyit (Chew & Zulkafli, 2012).  

 

 

Silver barb, Barbonymus gonionotus is an important carp species cultured in 

Indonesia, Thailand, Vietnam and Malaysia. this fish is an omnivore, feeding mainly 

on algae and submerged weeds (Mohanta et al., 2009). The fish grows to 700-800 g 

in a year when cultured in ponds and attains the sexual maturity in 8-10 months for 

females and 6-8 months for males. The fish is considered marketable when it reaches 

over 300 g. Females generally grow faster than males (Mohanta et al., 2008). 

 

 

Considering the potential of these two species as aquaculture candidate, the 

Department of Fisheries Malaysia through the Perlok Aquaculture Extension Centre 

have succesfully bred male H. wetmorei x female B.gonionotus in 2004 (DOF, 2012). 

This hybrid is not sterile. The F1 broodstock of 200-250 g and more are routinely used 

for breeding purposes. In ponds, the fry can achieve a 500-600 g body weight within 

a 6-month culture period. Due to the availability of this hybrid all year long and its 

high price, its aquaculture had gained interest among fish farmers. The hybrid is 

commonly fed with tilapia or catfish diet since no specific diet for the fish has been 

developed. 
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Lemon fin barb hybrid was introduced with a novel intention as a poor man’s fish. Its  

production in 2015 was 103.44 tons with wholesale value of RM 3.53 million, a drop 

in production compared to 151.83 tons in 2014 with wholesale value of RM 5.08 

million (DOF, 2015, 2016). Despite a drop in the production in 2015, lemon fin barb 

hybrid has shown an increasing production trend over the last 5 years as the interest 

among the small-scaled fish farmers has been overwhelming. The main bottleneck in 

the expansion of this new fish species is the absence of a specific commercial diet for 

the hybrid. At present, the farmers have been using various commercial feeds for 

tilapia and catfish and supplemented with plant materials such as napier grass and 

aquatic plants to raise this fish which may not be optimum or less economical. 

 

 

No research has been conducted on the dietary protein requirement of lemon fin barb 

hybrid fingerlings by any researcher. To date, only its optimal dietary lipid 

requirements and fish oil replacement had been determined (Kamarudin et al., 2015; 

Ismail et al., 2016). Hence, this study was conducted as an initial step towards the 

development of a specific practical diet for lemon fin barb hybrid fingerlings. The 

specific objectives of this study were: 

 

 

1.  To determine the optimal dietary protein requirement of lemon fin barb hybrid 

fingerlings 

2. To determine the optimal protein to energy ratio of lemon fin barb hybrid fingerlings 

3. To determine the effectiveness of defatted black soldier fly pre-pupae (Hermetia 

illucens) meal, defatted poultry offal meal and defatted soybean meal as fishmeal 

replacement in the diet of lemon fin barb hybrid fingerlings  

4. To compare the effectiveness of defatted black soldier fly pre-pupae meal, defatted 

poultry offal meal and defatted soybean meal as fishmeal partial replacement in the 

diet of lemon fin barb hybrid fingerlings 

5. To determine the apparent digestibility coefficients of selected feedstuffs in lemon fin 

barb hybrid fingerlings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

117 

REFERENCES 

4ento. (2015). Protein alternatives: Insects as mini-livestock - #insectmeal. Insects as 

a sustainable commercial protein feed alternative for livestock.  Retrieved 23 

October 2016 from: http://4ento.com 

Abd El-Khalek, E.& Janssens, G.P.J. (2010). Effect of extrusion processing on starch 

gelatinisation and performance in poultry. World’s Poultry Science Journal, 

66(1), 53-63.  

Abdel Warith, A.A., Russell, P.M., & Davies, S.J. (2001). Inclusion of a commercial 

poultry by-product meal as a protein replacement of fishmeal in practical diets 

for African catfish Clarias gariepinus (Burchell 1822). Aquaculture Research, 

32(1), 296-3305.  

Abdul Rahman, K.H., Mohd Yusof, S.J.H., & Zakaria, Z. (2016). Bioproteins 

production from palm oil agro-industrial wastes by Aspergillus terreus 

UniMAP AA-1. Pertanika Journal Tropica Agricultural Science, 39(1), 29-

29.  

Abu Talib, A.& Alias, M. (1997). Status of Fisheries in Malaysia- An Overview. 

Manila: Asian Development Bank, International Center for Living Aquatic 

Resources Management. 

Adebayo, O.T. & Alasoadura, T.A. (2001). Dietary protein requirement of clariid 

catfish hybrid, Clarias gariepinus x Heterobranchus bidorsalis fry fed 

practical diets. Journal of Applied Aquaculture, 11(4), 93-101.  

Adenji, A.A. (2007). Effect of replacing groundnut cake with maggot meal in the diet 

of broilers. International Journal of Poultry Science, 6(11), 822-825.  

Adewolu, M.A., Ikenweiwe, .N.B, & Muler, S.M. (2010). Evaluation of an animal 

protein mixture as a replacement for fishmeal in practical diets for fingerlings 

of Clarias gariepinus (Burchell, 1822). The Israeli Journal of Aquaculture, 

62(4), 237-244.  

Adibmoradi, M., Navidshah, B., Seifdavati, J., & Royan, M. (2006). Effect of dietary 

garlic meal on histological structure of small intestine in broiler chickens. The 

Journal of Poultry Science, 43(4), 378-383.  

AFCD. (2009). Fish Feed Management.  Retrieved 20 December 2015, from 

Agriculture, Fisheries and Conservation Department. https://www.afcd.gov.hk 

AFFRIS. (2013). Common carp - Feed formulation. Rome: FAO Fisheries and 

Aquaculture Department. 

Ahmed, I.& Khan, M.A. (2006). Dietary branched-chain amino acid valine, isoleucine 

and leucine requirements of fingerling Indian major carp, Cirrhinus mrigala 

(Hamilton). British Journal of Nutrition, 96(3), 450-460.  

Ai, Q., Mai, K., Li, H., Zhang, C., & Zhang, L. (2004). Effects of dietary protein to 

energy ratios on growth and body composition of juvenile Japanese seabass, 

Lateolabrax japonicus. Aquaculture, 230(1-4), 507-516.  

Ajani, E.K., Orisasona, O., Omitoyin, B.O, & Osho, E.F. (2016). Total replacement 

of fishmeal by soybean meal with or without methionine fortification in the 

diets of Nile tilapia, Oreochromis niloticus. Journal of Fisheries and Aquatic 

Science, 11(3), 238-243.  

Akegbejo-Samsons, Y. & Fasakin, A.E. (2008). Use of rendered animal protein meals 

as fishmeal replacer in the diets of the African catfish, Clarias gariepinus 

(Burchell, 1822) juveniles. Tropicultura, 26(2), 89-92.  

http://4ento.com/
http://www.afcd.gov.hk/


© C
OPYRIG

HT U
PM

118 

 

Aksnes, A., Hjertnes, T., & Opstvedt, J. (1996). Comparison of two assay methods for 

determination of nutrient and energy digestibility in fish. Aquaculture, 140(4), 

343–359.  

Alaa El-Dahhar, Zeweil, H., & El-Tawil, N. (2000). Effect of protein and energy levels 

in commercial diets on growth performance of juvenile Nile tilapia 

(Oreochromis niloticus). Egyptian Journal of Aquatic Biology and Fisheries, 

4(2), 267-285.  

Alexis, M.N., Theochari, V., & Papaparaskeva-Papoutsoglou, E. (1986). Effect of diet 

composition, hematological characteristics and cost of rainbow trout (Salmo 

gairdneri). Aquaculture, 58(1-2), 75-85.  

Ali, A., Al-Ogaily, S. M., Al-Asgah, N. A., Goddard, J. S., & Ahmed, S. I. (2007). 

Effect of feeding different protein to energy (P/E) ratios on the growth 

performance and body composition of Oreochromis niloticus fingerlings. 

Journal of Applied Ichthyology, 24(1), 31-37.  

Ali, A.E., Mekhamar, M.I. , Gadel-Rab, A.G., & Osman, A.G.M. (2015). Evaluation 

of growth performance of Nile tilapia Oreochromis niloticus fed Piophila 

casei maggot meal (magmeal) diets. American Journal of Life Sciences, 3(6-

1), 24-29.  

Ali, H., Haque, M.M., Chowdhury, M.M.R., & Shariful, M.I. (2009). In vitro protein 

digestibility of different feed ingredients in Thai koi (Anabas testudineus). 

Journal of the Bangladesh Agriculture University, 7(1), 205-210.  

Ali, M.Z.& Jauncey, K. (2005). Approaches to optimizing dietary protein to energy 

ratio for African catfish Clarias gariepinus (Burchell, 1822). Aquaculture 

Nutrition, 11(2), 95-101.  

Allameh, S.K., Soofiani, N.M. , & Pourreza, J. (2007). Determination of digestible 

and metabolizable energy of fishmeal and soybean meal in rainbow trout with 

two different sizes (Oncorhynchus mykiss). Pakistan Journal of Biological 

Sciences, 10(20), 3722-3725.  

Alonso, R., Aguirre, A., & Marzo, F. (2000). Effects of extrusion and traditional 

processing methods on antinutrients and in vitro digestibility of protein and 

starch in faba and kidney beans. Food Chemistry, 68(2), 159-165.  

Amirkolaie, K. A., Shahsavari, M., & Hedayathyfard, M. (2014). Full replacement of 

fishmeal by poultry by –product meal in rainbow trout, Oncorhynchus mykiss 

(Walbaum, 1972) diet. Iranian Journal of Fisheries Sciences 13(4), 1069-1081   

Ammar, A.A. (2008). Effect of extruded and trash fish diets on growth performance 

and pond productivity of sea bream, Sparus aurata, the sea bass, 

Dicentrarchus labrax and the flat head grey mullet, Mugil cephalus reared in 

polyculture system in earthen ponds. Egyptian Journal of Aquatic Biology and 

Fisheries, 12, 43-58.  

Aniebo, A.O., Erondu, E.S., & Owen, O.J. (2009). Replacement of fishmeal with 

maggot meal in African catfish (Clarias gariepinus) diets. Revista Cientifica 

UDO Agricola, 9(3), 666-671.  

AOAC. (1990). Official Method of Analysis of the Association of Official Analytical 

Chemists (15th ed.). Arlington: Association of Official Analytical Chemists, 

Inc. 

Atmaca, G. (2004). Antioxidant effects of sulphur-containing amino acids. Yonsei 

Medical Journal, 45(5), 776-788.  

Atteh, J.O. & Ologbenla, S. (1993). Replacement of fishmeal with maggots in broiler 

diets: Effect on performance and nutrient retention. Nigerian Journal of 

Animal Production, 20(1), 44-49.  



© C
OPYRIG

HT U
PM

119 

 

Austreng, E. (1978). Digestibility determination in fish using chromic oxide marking 

and analysis of different segments of the gastrointestinal tract. Aquaculture, 

13(3), 265–272.  

Awoniyi, T.A.M., Adetuyi, F.C. , & Akinyosoye, F.A. (2004). Microbiological  

investigation  of  maggot  meal, stored for use as livestock feed component. 

Journal of Food Agriculture and Environment, 2(3-4), 104-106.  

Aydın, B.& Gumus, E. (2013). Replacement of fishmeal by poultry by-product meal, 

supplemented with lysine, methionine, and threonine, in diets for fry of Nile 

tilapia (Oreochromis niloticus). The Israeli Journal of Aquaculture-Bamidgeh, 

65, 1-8.  

Aydin, B., Gumus, E., & Balci, B.A. (2015). Effect of dietary fishmeal replacement 

by poultry by-product meal on muscle fatty acid composition and liver 

histology of fry of Nile tilapia, Oreochromis niloticus (Actinopterygii: 

Perciformes: Cichlidae). Acta Ichthyologica et Piscatoria, 45(4), 343-351.  

Babalola, T.O.& Apata, D.F. (2012). Effects of dietary lipid source on growth, 

digestibility and tissue fatty acid composition of Heterobranchus longifilis 

fingerlings. Journal of Agriculture and Rural Development in the Tropics and 

Subtropics, 113(1), 1-11.  

Babalola, T.O., Apata, D.F., Omotosho, J.S., & Adebayo, M.A. (2011). Differential 

effects of dietary lipids on growth performance, digestibility, fatty acid 

composition and histology of African catfish (Heterobranchus longifilis) 

fingerlings. Food and Nutrition Sciences, 2(1), 11-21.  

Baboli, M.J., Dawodi, M., & Gorjipor, A. (2013). Effect of replacement fishmeal by 

poultry meal on growth, survival and body composition of rainbow trout 

(Oncorhynchos mykiss). International Research Journal of Applied and Basic 

Sciences, 4(12), 4197-4201.  

Baeverfjord, G.T.& Krogdahl, A. (1996). Development and regression of soybean 

meal induced enteritis in Atlantic salmon, Salmo salar L., distal intestine: a 

comparison with the intestines of fasted fish. Journal of Fish Diseases, 19(5), 

375-387.  

Bailey, J., Alanara, A., & Crampton, V. (2003). Do delivery rate and pellet size affect 

growth rate in Atlantic salmon (Salmo salar L.) raised under semi-commercial 

farming conditions? Aquaculture, 224(1-4), 79-88.  

Balch, P. A. (2006). Prescription for Nutritional Healing (4th ed.). New York: 

AVERY Penguin Group (USA) Inc. 

Barroso, F.G., De Haro, C., Sánchez-Muros, M.J., Venegas, E., Sánchez , A.M, & 

Bañón, C.P. (2014). The potential of various insect species for use as food for 

fish. Aquaculture, 422-423, 193-201.  

Begum, M., Pal, H.K., Islam, M.A., & Alam, M.J. (2008). Formulation of quality fish 

feeds from indigenous raw materials and their effects on growth and maturity 

of Mystus gulio. Journal of the Bangladesh Agricultural University, 6(2), 355-

360.  

Belal, I.E.H.& Assem, H. (1995). Substitution of soybean meal and oil for fishmeal in 

practical diets fed to channel catfish, Ictalurus punctatus (Rafinesque): Effects 

on body composition. Aquaculture  Research, 26(2), 141-145.  

Berge, G.M., Grisdale-Helland, B., & Helland, S.J. (1999). Soy protein concentrate in 

diets for Atlantic halibut (Hippoglossus hippoglossus). Aquaculture, 178(1-2), 

139-148.  

 

 



© C
OPYRIG

HT U
PM

120 

 

Bhosale, S, V., Bhilave, M.P., & Nadaf, S.B. (2010). Formulation of fish feed using 

ingredients from plant sources. Research Journal of Agricultural Sciences, 

1(3), 284-287.  

Bjerkas, E.& Sveier, H. (2004). The influence of nutritional and environmental factors 

on osmoregulation and cataracts in Atlantic salmon (Salmo salar L). 

Aquaculture, 235(1-4), 101-122.  

Bleeker, P. (1849). Contribution to the knowledge of the Central and Eastern Java 

ichthyological fauna, describing some new species. Treaties of the 

Bataviaasch Society of Arts and Sciences, 23(12), 1-23.  

Bolorunduru, P.I. (2002). Feed formulation and feeding practices in fish culture. 

Ahmadu Bello University: National Agricultural Extension and Research 

Liaison Services. 

Bondari, K.& Sheppard, D.C. (1981). Soldier fly larvae as feed in commercial fish 

production. Aquaculture, 24, 103-109.  

Boonyaratpalin, M., Suraneiranat, P., & Tunpibal, T. (1998). Replacement of fishmeal 

with various types of soybean products in diets for the Asian seabass, Lates 

calcarifer. Aquaculture, 161(1), 67-78.  

Borlaug, N. (2007). Feeding a hungry world. Science, 318(5849), 359.  

Braverman, E.R., Pfeiffer, C.C., Blum, K., & Smayda, R. (2009). The Healing 

Nutrients Within Facts, Findings, and New Research on Amino Acids (Vol. 2). 

Sydney: RHYW. 

Brinker, A.& Reiter, R. (2011). Fishmeal replacement by plant protein substitution 

and guar gum addition in trout feed, Part I: Effects on feed utilization and fish 

quality. Aquaculture, 310(3-4), 350-360.  

Brown, M.L., Nematipour, G. R., & Gatlin, D.M. (1992). Dietary protein requirement 

of juvenile sunshine bass at different salinities. Progressive Fish-Culturist, 

54(3), 148-156.  

Bureau, D.P., Harris, A.M., & Cho, C.Y. (1999). Apparent digestibility of rendered 

animal protein ingredients for rainbow trout (Oncorhyncus mykiss). 

Aquaculture, 180(3-4), 345–358.  

Burke, D.M. (2004). GM food and crops: What went wrong in the UK? EMBO 

Reports, 5(5), 432-436.  

Burlingame, B.& Dernini, S. (2010). Sustainable Diets and Bio-Diversity. Directions 

and Solutions for Policy, Research and Action. Rome: FAO Headquarters. 

Buyukcapar, H.M., Atalay, A. , & Kamalak, A. (2011). Growth performance of Nile 

tilapia (Oreochromis niloticus) fed with diets containing different levels of 

hydrolysable and condensed tannin. Journal of Agricultural Science and 

Technology, 13, 1045-1051.  

Carter, C.G.& Hauler, R.C. (2000). Fishmeal replacement by plant meals in extruded 

feeds for Atlantic salmon, Salmo salar L. Aquaculture, 185(3-4), 299–311.  

Caruso, G. (2015). Use of plant products as candidate fish meal substitutes: An 

emerging issue in aquaculture productions. Fisheries and Aquaculture 

Journal, 6(3). doi: 10.4172/2150-3508.1000e123 

Chang, C.C., Wu, Z.R., Kuo, C.M., & Cheng, W. (2007). Dopamine depress immunity 

of tiger shrimp Penaeus monodon. Fish and Shellfish Immunology, 24(1), 24-

33.  

 

 

 

 



© C
OPYRIG

HT U
PM

121 

 

Cheng, Z. J.& Hardy, R.W. (2002). Apparent digestibility coefficients of nutrients and 

nutritional value of poultry by-product meals for rainbow trout Oncorhynchus 

mykiss measured in vivo using settlement. Journal of the World Aquaculture 

Society, 33(4), 458–465.  

Chew, P.C.& Zulkafli, A.R. (2012). Sperm Cryopreservation of Some Freshwater 

Fish Species in Malaysia. Croatia: Intech. 

Chi, S., Tan, B., Dong, X., Yang, Q., & Liu, H. (2014). Effects of supplemental coated 

or crystalline methionine in low-fishmeal diet on the growth performance and 

body composition of juvenile cobia Rachycentron canadum (Linnaeus). 

Chinese Journal of Oceanology and Limnology, 32(6), 1297-1306.  

Cho, C. Y.& Slinger, S. J. (1979). Apparent Digestibility Measurement in Feedstuff 

for Rainbow Trout (Vol. 2). Berlin: Heenemann GmbH. 

Chong, K.K. (2016, 18 August 2016). [Types of aquafeed produced by Dinding Soya 

& Multifeed Sdn Bhd]. 

Choo, P., Smith, T.K., Cho, C.Y., & Ferguson, H.W. (1991). Dietary excesses of 

leucine influence growth and body composition of rainbow trout. American 

Institute of Nutrition 121(12), 1932–1939.  

Chou, R.L., Hera, B.Y, Sua, M.S., Hwangb, G., Wub, Y.H, & Chen, Y.H. (2004). 

Substituting fishmeal with soybean meal in diets of juvenile cobia, 

Rachycentron canadum. Aquaculture, 229(1-4), 325–333.  

Choubert, G., De La Noüea, J., & Pierre Luquet, P. (1979). Continuous quantitative 

automatic collector for fish feces. The Progressive Fish-Culturist, 41(2), 64-

67.  

Chu, Z.J., Yu, D.H., Yuan, Y.C., Qiao, Y., Cai, W.J., Shu, H., & Lin, Y.C. (2015). 

Apparent digestibility coefficients of selected protein feed ingredients for 

loach Misgurnus anguillicaudatus. Aquaculture Nutrition, 21(4), 425-432.  

Čičková, H., Newton, G.L., Lacy, R.C., & Kozánek, M. (2015). The use of fly larvae 

for organic waste treatment. Waste Management, 35, 68-80.  

Cowey, C.B. (1994). Amino acid requirement of fish: A critical appraisal of present 

values. Aquaculture, 124(1-4), 1-11.  

Craig, S.& Helfrich, L.A. (2002). Understanding Fish Nutrition, Feeds, and Feeding. 

Petersburg: Virginia State University. 

Da, C.T., Lundh, T., & Lindberg, J.E. (2013). Digestibility of dietary components and 

amino acids in plant protein feed ingredients in striped catfish (Pangasianodon 

hypophthalmus) fingerlings. Aquaculture Nutrition, 19(4), 619-628.  

da Silva, R.F., Kitagawa, A. , & Sánchez Vázquez, F.J. (2016). Dietary self-selection 

in fish: A new approach to studying fish nutrition and feeding behavior. 

Reviews in Fish Biology and Fisheries, 26(1), 39-51.  

Dadgar, S., Kamarudin, M.S., & Ehteshami, F. (2014). Apparent digestibility 

coefficients and nutritional value of Iranian cottonseed meal varieties for 

rainbow trout (Oncorhynchus mykiss). Iranian Journal of Fisheries Sciences, 

13(3), 525-529.  

Dai, W., Wang, K., Zheng, X., Chen, X., Zhang, W., Zhang, Y., Hou, J., & Liu, L. 

(2015). High fat plus high cholesterol diet lead to hepatic steatosis in zebrafish 

larvae: a novel model for screening anti-hepatic steatosis drugs. Nutrition and 

Metabolism, 12(42), 2-11.  

Dale, N., Fancher, B., Zumbado, M., & Villacres, A. (1993). Metabolizable energy 

content of poultry offal meal. Journal of Applied Poultry Research, 2, 40-42.  

Daniels, W.H. & Robinson, E.H. (1986). Protein and energy requirement of juvenile 

red drum (Sciaenops ocellatus). Aquaculture, 53(3-4), 243-252.  



© C
OPYRIG

HT U
PM

122 

 

Dars, B.A., Narejo, N.T., Dayo, A., Lashar, P.K., Laghari, M.Y., & Waryani, B. 

(2010). Effect of different protein on growth and survival of Catla catla 

(Hamilton) reared in glass aquaria. Sindh University Research Journal 

(Science Series), 42(1), 65-68.  

Davies, S.J.& Gouveia, A. (2010). Response of common carp fry fed diets containing 

a pea seed meal (Pisum sativum) subjected to different thermal processing 

methods. Aquaculture, 305(1-4), 117-123.  

De Silva, S.S, Gunasekera, R.M. , & Shim, K.F. (1991). Interactions of varying dietary 

protein and lipid levels in young red tilapia: Evidence of protein sparing. 

Aquaculture, 95(3-4), 305-318.  

De Silva, S.S., Gunasekera, R.M., Collins, R.A., & Ingram, B.A. (2002). Performance 

of juvenile Murray cod, Maccullochella peelii peelii (Mitchell), fed with diets 

of different protein to energy ratio. Aquaculture Nutrition, 8(2), 79-85.  

Degani, G., Viola, S., & Yehuda, Y. (1997). Apparent digestibility coefficient of 

protein sources for carp, Cyprinus carpio L. Aquaculture Research, 28(1), 23-

28.  

Deng, J.M., Mai, K.S., Ai, Q.H., Zhang, W.B., Wang, X.J., Xu, W., & Liufu, Z.G. 

(2006). Effects of replacing fish meal with soy protein concentrate on feed 

intake and growth of juvenile Japanese flounder, Paralichthys olivaceus. 

Aquaculture, 258, 503-513.  

Devic, E., David, C.L., Leschen, W., & Jauncey, K. (2013). A model for substitution 

of fishmeal with maggot-meal in tilapia feeds - a commercial production farm 

in West Africa. The Israeli Journal of Aquaculture, 1054(Special issue), 10.  

Diener, S., Zurbrugg, C., & Tockner, K. (2009). Conversion of organic material by 

black soldier fly larvae: Establishing optimal feeding rates. Waste 

Management and Resource, 27(6), 603-610.  

DOF. (2012). Berita Perikanan:Transformasi Perikanan Peneraju Ekonomi Negara 

(Vol. 80). Wilayah Persekutuan Putrajaya: Department of Fisheries Malaysia. 

DOF. (2015). Perangkaan Perikanan Tahunan 2014. Wilayah Persekutuan Putrajaya: 

Department of Fisheries. 

DOF. (2016). Perangkaan Perikanan Tahunan 2015. Wilayah Persekutuan Putrajaya: 

Department of Fisheries. 

DOF. (2017). Perangkaan Perikanan Tahunan 2016. Wilayah Persekutuan Putrajaya: 

Department of Fisheries. 

Dong, F.M., Hardy, R.W., Haard, N.F., Barrows, F.T., Rasco, B.A., Fairgrieve, W.T., 

& Forster, I.P. (1993). Chemical composition and protein digestibility of 

poultry by-product meals for salmonid diets. Aquaculture, 116(2-3), 149–158.  

Dong, G.F., Yang, Y.O, Song, X.M., & Yu, L. (2013). Comparative effect of dietary 

supplementation with maggot meal and soybean meal in gibel carp (Carrasius 

auratus gibelio) and darkbarbel catfish (Pelteobagrus vachelli): Growth 

performances and antioxidant response. Aquaculture nutrition 19(4), 543-554.  

Dong, X-H., Guo, Y-X., Ye, J-D., Song, W-D., Huang, X-H., & Wang, H. (2010). 

Apparent digestibility of selected feed ingredients in diets for juvenile hybrid 

tilapia, Oreochromis niloticus x Oreochromis aureus. Aquaculture Research, 

41(9), 1356-1364.  

EI-Sayed, A. F. M. (1999). Alternative dietary protein sources for formed tilapia, 

Oreochromis spp. Aquaculture, 179(1-4), 149-168.  

El-Sayed, A-F.M. (1998). Total replacement of fishmeal with animal protein sources 

in Nile tilapia, Oreochromis niloticus (L.) feeds. Aquaculture Research, 29(4), 

275- 280.  



© C
OPYRIG

HT U
PM

123 

 

El-Sayed, A.M.& Kawanna, M. (2008). Effects of dietary protein and energy levels 

on spawning performance of Nile tilapia (Oreochromis niloticus) broodstock 

in a recycling system. Aquaculture, 280(1-4), 179-184.  

El-Sayed, A.M.& Teshima, S.I. (1992). Protein and energy requirements of Nile 

tilapia, Oreochromis niloticus fry. Aquaculture, 103(1), 55– 63.  

El-Shemy, H.A. (2011). Soybean and Nutrition. Croatia: Intech. 

El Sayed, A.F.M. (1994). Evaluation of soybean meal, spirulina meal and chicken 

offal meal as protein sources for silver sea bream (Rhabdosargus sarba) 

fingerlings. Aquaculture, 127(2-3), 169-176.  

Elangovan, A.& Shim, K.F. (1997). Growth response of juvenile Barbodes altus fed 

isocaloric diets with variable protein levels. Aquaculture, 158(3-4), 321-329.  

Elangovan, A.& Shim, K.F. (2000). The influence of replacing fishmeal partially in 

the diet with soybean meal on growth and body composition of juvenile tin foil 

barb (Barbodes altus). Aquaculture, 189(1-2), 133-144.  

Elingger, G.M. (1958). The importance of protein quality in animal feeding. 

Symposium Proceedings, 17(1), 100-106.  

Ellis, S.C.& Reigh, R.C. (1991). Effects of dietary lipid and carbohydrate levels on 

growth and body composition of juvenile red drum, Sciaenops ocellatus. 

Aquaculture, 97(4), 383-394.  

Emre, Y., Sevgili, H. , & Diler, I. (2003). Replacing fishmeal with poultry by-product 

meal in practical diets for mirror carp (Cyprinus carpio) fingerlings. Turkish 

Journal of Fisheries and Aquatic Sciences, 3, 81-85.  

Erfanullah& Jafri, A.K. (1998). Growth rate, feed conversion, and body composition 

of Catla catla, Labeo rohita, and Cirrhinus mrigala fry fed  diets of various 

carbohydrate-to-lipid ratios. Journal of the World Aqualculture Society, 29(1), 

84-91.  

Erturk, M.M.& Sevgili, H. (2003). Effects of replacement of fishmeal with poultry by-

product meals on apparent digestibility, body composition and protein 

efficiency ratio in a practical diets for rainbow trout, Onchorynchus mykiss. 

Asian-Australian Journal of Animal Science, 16(9), 1355-1359.  

Fagbenro, O.A.& Davies, S.J. (2004). Use of high percentages of soy protein 

concentrate as fishmeal substitute in practical diets for African catfish, Clarias 

gariepinus (Burchell 1822). Journal of Applied Aquaculture, 16(1-2), 113-

124.  

FAO. (1980). Fish feed technology. Rome: Food and Agriculture Organization of the 

United Nations. 

FAO. (1995). Report of the FAO/AADCP Regional Expert Consultation on Farm-

Made Aquafeeds. Bangkok: Food and Agriculture Organization of the United 

Nations. 

FAO. (2004). Status and Potential of Fisheries and Aquaculture in Asia and the 

Pacific. Bangkok: Food and Agriculture Organization of the United Nations 

Regional Office for Asia and the Pacific. 

FAO. (2010). The State of World Fisheries and Aquaculture Rome: Food and 

Agriculture Organization of the United Nations. 

FAO. (2011). FAOSTAT: Food and Agriculture Organization of the United Nations. 

FAO. (2012). The State of World Fisheries and Aquaculture 2012. Rome: Food and 

Agriculture Organization of the United Nations. 

FAO. (2013). Edible Insects: Future Prospects for Food and Feed Security. Rome: 

Food and Agriculture Organization of the United Nations. 

 



© C
OPYRIG

HT U
PM

124 

 

FAO. (2014). The State of World Fisheries and Aquaculture : Opportunities and 

Challenges. Rome: Food and Agriculture Organization of the United Nations. 

FAO. (2015). Global Aquaculture Production Database Updated to 2013 – Summary 

Information: Fisheries and Aquaculture Department. 

FAO. (2016). The State of World Fisheries and Aquaculture 2016. Contributing to 

Food Security and Nutrition for All. Rome: Food and Agriculture Organization 

of the United Nations. 

Fapohunda, O. O. (2012). Evaluation of processed soybean meal in the feeding of 

Clarias gariepinus fingerlings. Journal of Animal Science Advances 2(2), 244-

249.  

Fasakin, E.A., Balogun, A.M., & Ajayi, O.O. (2003). Evaluation of full-fat and 

defatted maggot meals in the feeding of clariid catfish Clarias gariepinus 

fingerlings. Aquaculture Research, 34(9), 733-738.  

Fashina-Bombata, H.A. & Balogun, O. (1997). The effect of partial or total 

replacement of fishmeal with maggot meal in the diet of tilapia (Oreochromis 

niloticus) fry. Journal of Prospects in Science, 1, 178–181.  

FEEDAP. (2013). Scientific opinion on the safety and efficacy of L-tyrosine for all 

animal species. European Food Safety Authority, 11(7), 3310-3318.  

Feng, L., Peng, Y., Wu, P., Hu, K, Jiang, W.D, Liu, Y., Jiang, J., Hong Li, S., & Qiu 

Zhou, X. (2013). Threonine affects intestinal function, protein synthesis and 

gene expression of TOR in Jian carp (Cyprinus carpio var. Jian). 8(7), e69974. 

doi: 10.1371/journal.pone.0069974 

Fernandes, J. B. K., Lochmann, R. , & Bocanegra, F. A. (2004). Apparent digestible 

energy and nutrient digestibility doefficients of diet dngredients for pacu 

Piaractus brachypomus. Journal of the World Aquaculture Society, 35(2), 

237-244.  

Fernández-Díaz, C., Pascual, E., & Yúfera, M. (1994). Feeding behaviour and prey 

size selection of gilthead seabream, Sparus aurata L., larvae fed on inert and 

live food. Marine Biology, 118(2), 323-328.  

Figueiredo-Silva, C., Lemme, A., Sangsue, D., & Kiriratnikom, S. (2015). Effect of 

DL-methionine supplementation on the success of almost total replacement of 

fishmeal with soybean meal in diets for hybrid tilapia (Oreochromis niloticus 

× Oreochromis mossambicus). Aquaculture Nutrition, 21(2), 234-241.  

Finkl, C.W.& Makowski, C. (2015). Environmental Management and Governance: 

Advance in Coastal and Marine Resources. New York: Springer International 

Publishing  

Fitzpatrick, P.F. (2012). Allosteric regulation of phenylalanine hydroxylase. Archives 

of Biochemistry and Biophysics, 519(2), 194-201.  

FOE. (2011). Who benefits from GM crops - an industry built on myths.  Retrieved 2 

October 2016, from Friend of The Earth Europe. http://www.foeeurope.org 

Førde-Skjærvik, O., Skjærvik, O., Mørkøre, T., Thomassen, M.S., & Rørvik, K.A. 

(2006). Dietary influence on quality of farmed Atlantic cod (Gadus morhua): 

effect on glycolysis and buffering capacity in white muscle. Aquaculture, 

252(2-4), 409–420.  

Fowler, L.G. (1991). Poultry by product meal as a dietary protein source in fall 

chinook salmon diets. Aquaculture, 99(3-4), 309-321.  

Francis, G. , Makkar, H.P.S, & Becker, K. (2001). Antinutritional factors present in 

plant-derived alternate fish feed ingredients and their effects in fish. 

Aquaculture, 199(3-4), 197-227.  

 

http://www.foeeurope.org/


© C
OPYRIG

HT U
PM

125 

 

Fuller, M.F. (2004). The Encyclopedia of Farm Animal Nutrition. Wallingford: CABI 

Publishing. 

Furukawa, A.& Tsukahara, H. (1966). On the acid digestion method for determination 

of chromic oxide as an index subtance in the study of digestibility of fish feeds. 

Bulletin of the Japanese Society of Scientific Fisheries, 32(6), 502-508.  

Gallagher, M.L.& Degani, G. (1988). Poultry meal and poultry oil as sources of 

protein and lipid in the diet of European eels Anguilla-anguilla. Aquaculture, 

73(1-4), 177-188.  

Gam, L.H., Leow, C.Y., & Baei, S. (2005). Amino acid composition of snakehead fish 

(Channa striatus) of various sizes obtained at different times of the year. 

Malaysian Journal of Pharmaceutical Sciences, 3(2), 19-30.  

Garling, D.L.& Wilson, A.P. (1976). Optimum dietary protein to energy ratio for 

channel catfish fingerlings, Ictalurus punctatus. The Journal of Nutrition, 106, 

1368-1375.  

Gasco, L., Stas, M. , Schiavone, A, Rotolo, L., De Marco, M., Dabbou, S., Renna, M. 

, Malfatt, V. , Lussiana, C., Katz, H., Zoccarato, I., & Gai, F. (2015). Use of 

black soldier fly (Hermetia illucens) meal in rainbow trout (Oncorhynchus 

mykiss) feeds. Rotterdam: European Aquaculture Society 40. 

Gatlin, D.M., Barrows, F.T., & Brown, P. (2007). Expanding the utilization of 

sustainable plant products in aquafeeds: A review. Aquaculture Research, 

38(6), 551–579.  

Gaylord, T.G. & Gatlin, D.M. (1996). Determination of digestibility coefficients of 

various feedstuffs for red drum (Sciaenops ocellatus). Aquaculture, 139(3-4), 

303-314.  

Gaylord, T.G.& Barrows, F.T. (2009). Multiple amino acid supplementations to 

reduce dietary protein in plant-based rainbow trout, Oncorhynchus mykiss, 

feeds. Aquaculture, 287(1-2), 180-184.  

Gaylord, T.G., Barrows, F.T., & Rawles, S.D. (2008). Apparent digestibility of gross 

nutrients from feedstuffs in extruded feeds for rainbow trout, Oncorhynchus 

mykiss. Journal of the World Aquaculture Society, 39(6), 827-834.  

Gaylord, T.G., Rawles, S.D., & Gatlin III, D.M. (2004). Amino acid availability from 

animal, blended, and plant feedstuffs for hybrid striped bass (Morone chrysops 

x M. saxatilis). Aquaculture Nutrition, 10(5), 345-352.  

Genschick, S. (2014). Aqua-'Culture': Socio-Cultural Peculiarities, Practical Senses, 

and Missing Sustainability in Pangasius Aquaculture in the Mekong Delta, 

Vietnam. Berlin: The Deutsche Nationalbibliothek. 

Ghee-Thean, L., Islam, G. M. N., & Ismail, M. M. (2016). Malaysian white shrimp 

(Penaeus vannamei) aquaculture:  An  application of stochastic frontier 

analysis on technical efficiency. International Food Research Journal, 23(2), 

638-645.  

Glencross, B.D, Booth, M. , & Allan, G.L. (2007). A feed is only as good as its 

ingredients-a review of ingredient evaluation strategies for aquaculture feeds. 

Aquaculture Nutrition, 13(1), 17-34.  

Gomes, E. F., Rema, P. , & Kaushik, S. J. (1995). Replacement o fish meal by plant 

proteins in the diet of rainbow trout (Oncorhynchus mykiss): digestibility and 

growth performance. Aquaculture, 130(2-3), 177-186.  

Grisdale-Helland, B.& Helland, S.J. (1997). Replacement of protein by fat and 

carbohydrate in diets for Atlantic salmon (Salmo salar) at the end of freshwater 

stage. Aquaculture 152(1-2), 167–180.  

 



© C
OPYRIG

HT U
PM

126 

 

Gumus, E.& Aydin, B. (2013). Effect of poultry by-product meal on growth 

performance and fatty acid composition of carp (Cyprinus carpio) fry. Turkish 

Journal of Fisheries and Aquatic Sciences, 13(5), 827-834.  

Gunben, E.M., Senoo, S., Yong, A. , & Shapawi, R. (2014). High potential of poultry 

by-product meal as a main protein source in the formulated feeds for a 

commonly cultured grouper in Malaysia (Epinephelus fuscoguttatus). Sains 

Malaysiana, 4(3), 399-405.  

Halloran, A., Roos, N., Eilenberg, J., Cerutti, A., & Bruun, S. (2016). Life cycle 

assessment of edible insects for food protein: A review. Agronomy for 

Sustainable Development, 36(57). doi: 10.1007/s13593-016-0392-8 

Halver, J. E.& Hardy, R. W. (2002). Fish Nutrition (3 ed.). California: Academic 

Press. 

Hamackova, J., Kouril, J., Kozak, P., & Stupka, Z. (2006). Clove Oil as an Anaesthetic 

for Different Freshwater Fish Species. Bulgarian Journal of Agricultural 

Science, 12, 185-194.  

Hardy, R.W. (2002). Feeds and Feeding Practices. Wallingford: CABI Publishing. 

HarianMetro. (2012). Raja segala ikan.  Retrieved 20 July 2013 

https://www.hmetro.com.my 

Harpaz, S. (2005). L-Carnitine and its attributed functions in fish culture and 

nutrition—A review. Aquaculture, 249(1-4), 3–21.  

Hasan, M.R. & Amin, M.R. (1997). Effect of processing techniques on the nutritional 

quality of poultry offal meal. Bangladesh Journal of Fisheries, 20, 139-144.  

Hassan, M.R., Haq, M.S., Das, P.M, & Mowlah, G. (1997). Evaluation of poultry 

feather meal as a dietary protein source for Indian major carp, Labeo rohita 

fry. Aquaculture, 151(1-4), 47-54.  

He, J.Y, Han, B., Tian, L.X., Yang, H.J., Zeng, S.L, & Liu, Y.J. (2014). The sparing 

effect of cystine on methionine at a constant TSAA level in practical diets of 

juvenile Nile tilapia Oreochromis niloticus. Aquaculture Research, 47(7), 

2031-2039.  

Heflin, L.E., Gibbs, V.K., Powell, M.L., Makowsky, R., Lawrence, J.M., Lawrence, 

A.L., & Watts, S.A. (2012). Effect of dietary protein and carbohydrate levels 

on weight gain and gonad production in the sea urchin Lytechinus variegatus. 

Aquaculture, 358-359, 253-261.  

Heikkinen, J., Vielma, J., Kemiläinen, O., Tiirola, M., Eskelinen, P., Kiuru, T., Navia-

Paldaniusa, D., & Wrighta, A.V. (2006). Effects of soybean meal based diet 

on growth performance, gut histopathology and intestinal microbiota of 

juvenile rainbow trout (Oncorhynchus mykiss). Aquaculture, 261(1), 259-268.  

Heinitz, M. C., Lemme, A., & Schulz, C. (2016). Measurement of digestibility in 

agastric fish based on stripping method – apparent nutrient, energy and amino 

acid digestibilities of common feed ingredients for carp diets (Cyprinus 

carpio). Aquaculture Nutrition, 22(5), 1065-1078.  

Hemre, G. I., Mommsen, T. P., & Krogdahl, A. (2002). Carbohydrates in fish 

nutrition: Effects on growth, glucose metabolism and hepatic enzymes. 

Aquaculture Nutrition, 8(3), 175–194.  

Henderson, J.W., Ricker, R.D., Bidlingmeyer, B.A., & Woodward, C. (2000). Rapid, 

accurate, sensitive, and reproducible HPLC analysis of amino acids. Amino 

acid analysis using Zorbax Eclipse-AAA columns and the Agilent 1100 HPLC.  

Retrieved 21 May 2014, from Agilent Technologies https://www.agilent.com 

Herman, E. M. (2003). Genetically modified soybeans and food allergies. Journal of 

Experimental Biology, 54(386), 1317-1319.  

http://www.hmetro.com.my/
http://www.agilent.com/


© C
OPYRIG

HT U
PM

127 

 

Hernández, C., Osuna-Osuna, L., Benitez-Hernandez, A., SanchezGutierrez, Y., 

González-Rodríguez, B., & Dominguez-Jimenez, P. (2014). Replacement of 

fishmeal by poultry by-product meal, food grade, in diets for juvenile spotted 

rose snapper (Lutjanus guttatus). Latin American Journal of Aquatic Research, 

42(1), 111-120.  

Hernández, M. D., Martínez, F. J., Jover, M., & García García, B. (2007). Effects of 

partial replacement of fishmeal by soybean meal in sharpsnout seabream 

(Diplodus puntazzo) diet. Aquaculture, 263(1-4), 159-167.  

Hidalgo, F.& Alliot, E. (1988). Influence of water temperature on protein requirement 

and protein utilization in juvenile sea bass, Dicentrarchb labrax. Aquaculture, 

72(1-2), 115-129.  

Hidalgo, M.C.A., M.G., Sanz., Gallego, M.D., Suarez, & Higuera, M. (1993). Feeding 

of Europeon eel, Anguilla anguilla. 1. Influence of  dietary carbohydrate level. 

Comparative Biochemistry and Physiology, 105(1), 165-169. .  

Hilton, J. W., Cho, S.J., & Slinger, C.Y. (1981). Effect of extrusion processing and 

stream pelleting diets on pellet durability pellet water absorption and 

physiological response of rainbow trout, (Salmo gairdneri R.). Aquaculture, 

25(2-3), 185-194.  

Hilton, J.W.& Atkinson, J.L. (1982). Response of rainbow trout (Salmo gairdneri) to 

increased levels of available carbohydrate in practical trout diets. British 

Journal of Nutrition, 47(3), 597.  

Hixson, S.M. (2014). Fish nutrition and current issues in aquaculture: The balance in 

providing safe and nutritious seafood, in an environmentally sustainable 

manner. Journal of Aquaculture Research and Development, 5(3), 1-10.  

Holecek, M., Sprongl, L., & Tilser, I. (2001). Metabolism of branched-chain amino 

acids in starved rats: The role of hepatic tissue. Physiological Research, 50(1), 

25-33.  

Hossain, M.A., Hasan, N., Azad Shah, A.K.M., & Hussain, M.G. (2002). Optimum 

dietary protein requirement of mahseer, Tor putitora (hamilton) fingerlings. 

Asian Fisheries Science, 15, 203-214.  

Hu, M., Wang, Y., Wang, Q., Zhao, M., & Xiong, B. (2008). Replacement of fishmeal 

by rendered animal protein ingredients with lysine and methionine 

supplementation to practical diets for gibel carp, Carassius auratus gibelio. 

Aquaculture 275(1-4), 260-265.  

Hussain, S.M., Afzal, M., Salim, M., Javid, A., Khichi, T.A.A., Hussain, M., & Razak, 

S.A. (2011). Apparent digestibily of fishmeal, blood meal and meat meal for 

Labeo rohita fingerlings. The Journal of Animal and Plant Sciences, 21(4), 

807-811.  

Idowu, E.O.& Afolayan, E.B. (2013). The effects of supplementing of fishmeal with 

maggots at varying levels in the diet of Clarias gariepinus. International 

Archive of Applied Sciences and Technology, 4(4), 41-47.  

IFFO. (2013). Is Aquaculture Growth Putting Pressure on Feed Fish Stocks? And is 

the Growth of Aquaculture Being Restricted by Finite Supplies of Fishmeal 

and Fish? London: International Fishmeal and Fish Oil Organisation. 

Index mundi. (2016a). Fishmeal domestic consumption by country in 1000 MT.  

Retrieved 20 October 2016 from: http://www.indexmundi.com 

Index mundi. (2016b). Malaysia broiler meat (poultry) production by year.  Retrieved 

10 August 2016 from: http://www.indexmundi.com 

Index mundi. (2016c). Malaysia palm oil feed waste domestic consumption by year.  

Retrieved 12 September 2016 from: http://www.indexmundi.com 

http://www.indexmundi.com/
http://www.indexmundi.com/
http://www.indexmundi.com/


© C
OPYRIG

HT U
PM

128 

 

Ismail, S, Kamarudin, M.S., & Ramezani-Fard, E. (2013). Performance of commercial 

poultry offal meal as fishmeal replacement in the diet of juvenile Malaysian 

mahseer, Tor tambroides. Asian Journal of Animal and Veterinary Advances, 

8(2), 284-292.  

Ismail, S., Kamarudin, M.S., & Saad, C.R. (2016). Dietary lipid requirement of lemon 

fin barb hybrid. Journal of Environmental Biology, 37(Special issue), 765-744.  

Jadhav, U. (2008). Aquaculture Technology and Environment. New Delhi: PHI 

Learning Private Limited. 

Jahan, D.A., Hussain, L., Islam, M.A, & Khan, M. (2013). Comparative study of 

mustard oil cake and soybean meal based artificial diet for rohu, Labeo rohita 

(Ham.) fingerlings. The Agriculturists, 11(1), 61-66.  

Jahan, D.A., Hussain, L., Islam, M.A, Khan, M.M, & Nima, A.A. (2012). Use of 

soybean as partial substitute of fishmeal in the diets of rohu, Labeo rohita 

(Ham.) fry. The Agriculturists, 10(2), 68-76.  

Jais, M., Mcculloch, A.M.R. , & Croft, K. (1994). Fatty acid and amino acid 

composition in haruan as a potential role in wound healing. General 

Pharmacology, 25(5), 947–950.  

Jalal, K.C.A., Ambak, M.A., Saad, C.R, Hasan, A., & Abol-Munafi, A.B. (2000). 

Apparent digestibility coefficients for common major feed ingredients in 

formulated feed diets for Tropical sport fish, Tor tambroides fry. Pakistan 

Journal of Biological Sciences, 3(2), 261-264.  

Jantrarotai, P., Sutthiwises, S., Kamonrat, W., Peyachoknagul, S., & Vidthayanon, C. 

(2007). Species identification of 3 Hypsibarbus spp. (pisces: cyprinidae) using 

PCR–RFLP of cytochrome b gene. Kasetsart Journal : Natural Science, 41, 

660-666.  

Jauncey, K.& Ross, B. (1982). A Guide to Tilapia Feeds and Feeding. University of 

Stirling: Institute of Aquaculture. 

Jobgen, W.S, Fried, S.K., Fu, W.J., Meininger, C.J., & Wu, G. (2006). Regulatory role 

for the arginine-nitric oxide pathway in metabolism of energy substrates. The 

Journal of Nutritional Biochemistry, 17(9), 571-588.  

Jobling, M. (1988). A review of the physiological and nutritional energetics of cod, 

Gadus morhua L., with particular reference to growth under farmed 

conditions. Aquaculture, 70(1–2), 1-19.  

Jobling, M. (2007). Food Intake in Fish. Victoria: Blackwell Science Ltd. 

Juma, C. (2011). Preventing hunger: Biotechnology is key. Nature, 479(7374), 471-

472.  

Kamaruddin, M.S., Ramezani-Fard, E., Saad, C.R., & Harmin, S.A. (2012). Effects of 

dietary fish oil replacement by various vegetable oils on growth performance, 

body composition and fatty acid profile of juvenile Malaysian mahseer, Tor 

tambroides. Aquaculture Nutrition, 18(5), 532-543.  

Kamarudin, M.S., Abdullah, A.M., & Radam, A. (2010). Laporan Akhir Kajian 

Makanan Ikan dan Impaknya ke atas Ekonomi Akuakultur di Malaysia. 

Universiti Putra Malaysia: Pusat Pembangunan Perniagaan. 

Kamarudin, M.S., Ismail, S., & Saad, C.R. (2015). Performance of Palm Oil As Fish 

Oil Replacement in the Diet of Lemon Fin Barb Hybrid Fingerlings Middle 

East and Central Asia Aquaculture 2015. Tehran: World Aquaculture Society. 

Kamarudin, M.S., Kaliapan, K.M., & Siraj, S.S. (1989). The Digestibility of Several 

Feedstuffs in Red Tilapia. In S. S. De Silva (Ed.), Fish nutrition research in 

Asia:Proceedings of the Third Asian Fish Nutrition Network Meeting (pp. 118-

122). Manila: Asian Fisheries Society Special Publication No.4. 



© C
OPYRIG

HT U
PM

129 

 

Kamarudin, M.S., Otoi, S., & Saad, C.R. (2011). Changes in growth, survival and 

digestive enzyme activities of Asian redtail catfish, Mytus nemurus, larvae fed 

on different diets. African Journal of Biotechnology, 10(21), 4484-4493.  

Kaushik, S.J. (1998). Whole body amino acid composition of European seabass 

(Dicentrarchus labrax), gilthead seabream (Sparus aurata) and turbot (Psetta 

maxima) with an estimation of their IAA requirement profiles. Aquaculture 

Living Resource, 11(5), 355-358.  

Keremah, R.I. (2014). Poultry offal meals as subtitute for fishmeal in diets for mud 

catfish Heterobranchus longifilis juveniles. International Journal of Current 

Microbiology and Applied Sciences, 3(2), 271-280.  

Key, S., K-C Ma, J., & Drake, P.M.W. (2008). Genetically modified plants and human 

health. Journal of The Royal Society of Medicine, 101(6), 290-298.  

Khan, M.A.& Abidi, S.F. (2014). Dietary histidine requirement of singhi, 

Heteropneustes fossilis fry (Bloch). Aquaculture Research, 45(8), 1341-1454.  

Kikuchi, K. (1999). Use of defatted soybean meal as a substitute for fishmeal in diets 

of Japanese flounder (Paralichthys oliÍaceus). Aquaculture 179, 3-11.  

Kikuchi, K., Furuta, T., & Honda, H. (1994). Utilization of soybean meal as a protein 

source in the diet of juvenile Japanese flounder. Suisan Zoshoku, 42(4), 601–

604.  

Kim, S.K. (2015). Seafood Science: Advanced in Chemistry, Technology and 

Applications. New York: CRC Press. 

Kim, S.S, Rahimnejad, S., Song, J.W, & Lee, K. J. (2012). Comparison of growth 

performance and whole-body amino acid composition in red seabream (Pagrus 

major) fed free or dipeptide form of phenylalanine. Asian-Australasian 

Journal of Animal Sciences, 25(8), 1138-1144.  

Kirchgessner, M., Kiirzinger, H., & Schwarz, F.J. (1986). Digestibility of crude 

nutrients in different feeds and estimation of their energy content for carp 

(Cyprinus carpio L.) Aquaculture, 58(3-4), 185-194.  

Kitagima, R.E.& Fracalossi, D.M. (2011). Digestibility of alternative protein-rich 

feedstuffs for channel catfish, Ictalurus punctatus. Journal of the World 

Aquaculture Society, 42(3), 306-312.  

Kiyasudeen, S.K., Ibrahim, M.H., Quaik, S., & Ahmed Ismail, S. (2015). Prospects of 

Organic Waste Management and the Significance of Earthworms. 

Gewerbestrasse: Springer International Publishing. 

Knauer, J., Britz, P.J., & Hetch, T. (1996). Comparative growth performance and 

digestive enzyme activity of juvenile South African abalone, Haliotis midae, 

fed on diatoms and a practical diet. Aquaculture Nutrition, 140(1-2), 75– 85.  

Koo, S.I., Currin, T.A., Johnson, M.G., King, E.W. , & Turk, D.E. (1980). The  

nutritional  value  and  microbial content of dry face fly pupae (Musca 

autumnalis (De Geer)) when fed to chicks. Poultry Science, 59(11), 2514-

2518.  

Koprucu, K. & Ozdemir, Y. (2005). Apparent digestibility of selected feed ingredients 

for Nile tilapia (Oreochromis niloticus). Aquaculture, 250(1-2), 308-316.  

Kroeckel, S., Harjesb, A.G.E., Rothc , I., Katzc, H., Wuertzb, S., Susenbetha, A., & 

Schulzb, C. (2012). When a turbot catches a fly: Evaluation of a pre-pupae 

meal of the black soldier fly (Hermetia illucens) as fishmeal substitute — 

Growth performance and chitin degradation in juvenile turbot (Psetta 

maxima). Aquaculture, 364-365, 345-352.  

 

 



© C
OPYRIG

HT U
PM

130 

 

Krogdahl, A., Bakke-McKellep, A.M., Roed, K., & Baeverfjord, G. (2000). Feeding 

Atlantic salmon Salmo salar L. soybean products: effects on disease resistance 

(furunculosis), and lysozyme and IgM levels in the intestinal mucosa. 

Aquaculture Nutrition, 6(2), 77–84.  

Krogdahl, A., Hemre, G.I., & Mommsen, T.P. (2005). Carbohydrates in fish nutrition: 

digestion and absorption in postlarval stages. Aquaculture Nutrition, 11(2), 

103-122.  

Kureshy, N., Davis, D.A, & Arnold, C.R. (2000). Partial replacemen of fishmeal with 

meat and bone meal, flash dried poultry by-product meal, and enzyme digested 

poultry by-product meal in practical diets for juvenile red drum. North 

American Journal of Aquaculture, 62(4), 266-272.  

Lall, S.P& McCrea, L.M. (2007). Role of nutrients in skeletal metabolism and 

pathology in fish-an overview. Aquaculture, 267(1-4), 3-19.  

Lanari, D., D’Agro, E., & Turri, C. ( 1998). Use of nonlinear regression to evaluate 

the effects of phytase enzyme treatment of plant protein diets for rainbow trout 

Oncorhynchus mykiss. Aquaculture 161(1-4), 345-356.  

Latif, K. (2006). Evaluation of Chicken Intestine Waste As a Feed Ingredient for Red 

Tilapia (Oreochromis sp.) Juveniles. (Master of Science. Thesis), Universiti 

Putra Malaysia.    

Law, A.T. (1984). Nutritional study of jelawat, Leptobarbus hoevenii (Bleeker), fed 

on pelleted feed. Aquaculture, 41(3), 227-233.  

Lee, D.J.& Putnam, G.B. (1973). The response of rainbow trout to varying 

protein/energy ratios in a test diet. The Journal of Nutrition, 103(6), 916-922.  

Lee, J.K., Cho, S.H., Park, S.U., Kim, K.D., & Lee, S.M. (2003). Dietary protein 

requirement for young turbot (Scophthalmus maximus L.). Aquaculture 

Nutrition, 9(4), 283-286.  

Lee, S.-M., Cho, S.H., & Kim, K.-D. (2000). Effects of dietary protein and energy 

levels on growth and body composition of juvenile flounder Paralichthys 

olivaceus. Journal of the World Aquaculture Society, 31(3), 306-315.  

Lee, S.M.& Pham, M.A. (2011). Effects of carbohydrate and water temperature on 

nutrient and energy digestibility of juvenile and grower rockfish, Sebastes 

schlegeli. Asian-Australasian Journal of Animal Sciences, 24(11), 1615-1622.  

Lemos, M. V. A., Arantes, T. Q., Souto, C. N., Martins, G. P., Araújo, J. G., & 

Guimarães, I. G. (2014). Effects of digestible protein to energy ratios on 

growth and carcass chemical composition of Siamese fighting fish (Betta 

splendens). Animal Science and Veterinary Medicine, 38(1), 76-84.  

Leong, S.Y., Kutty, S.R.M., Tan, C.K., & Tey, L.H. (2015). Comparative study on the 

effect of organic waste on lauric acid produced by Hermetia illucens larvae via 

bioconversion. Journal of Engineering Science and Technology(Special 

Issue), 52-63.  

Leterme, P., Tahin, F., & Thewis, A. (1991). Nutritive value of triticale cultivars in 

pigs as function of their chemical composition. Animal Feed Science and 

Technology, 35(1), 49-53.  

Li, K., Wang, Y., Zheng, Z.X., Jiang, R.L, & Xie, N.X. (2009). Replacing fishmeal 

with rendered animal protein ingredients in diets for Malabar grouper, 

Epinephelus malabaricus, reared in net cages. Journal of the World 

Aquaculture Society, 40(1), 67-75.  

Li, P., Mai, K., Trushenski, J., & Wu, G. (2008). New developments in fish amino 

acid nutrition: Towards functional and environmentally oriented aquafeeds. 

Amino Acids, 37(1), 43-53.  



© C
OPYRIG

HT U
PM

131 

 

Li, W., Feng, L, Liu, Y., Jiang, W.D., Kuang, S.Y., Jiang, J., Li, S.H., Tang, L., & Q-

Zhou, X. (2015). Effects of dietary phenylalanine on growth, digestive and 

brush border enzyme activities and antioxidant capacity in the hepatopancreas 

and intestine of young grass carp (Ctenopharyngodon idella). Aquaculture 

Nutrition, 21(6), 913-925.  

Lichovnikova, M., Zeman, L., Kracmar, S., & Klecker, D. (2004). The effect of the 

extrusion process on the digestibility of feed given to laying hens. Animal Feed 

Science and Technology, 116(3-4), 313-318.  

Lim, C., Sukhawongs, S. , & Pascual, F.P. (1979). A preliminary study on the protein 

requirements of Chanos chanos (Forskal) fry in a controlled environment. 

Aquaculture, 17(3), 195-201.  

Linner, J.& Brannas, E. (1994). Behavioral response to commercial food of different 

sizes and self-initiated food size selection by Arctic char. Transactions of the 

American Fisheries Society 123(3), 416–422.  

Liu, Y., He, G., Wang, Q., Mai, K. , Xu, W., & Zhou, H. (2014). Hydroxyproline 

supplementation on the performances of high plant protein source based diets 

in turbot (Scophthalmus maximus L.). Aquaculture, 433, 476–480.  

Lock, E.J., Arsiwalla, T., & Waagbo, R. (2016). Insect larvae meal as an alternative 

source of nutrients in the diet of Atlantic salmon (Salmo salar) postsmolt. 

Aquaculture Nutrition, 22(6), 1202-1213.  

Lovell, R.T. (1991). Nutrition of aquaculture species. Journal of Animal Science, 

69(10), 4193-4200.  

Lovell, T. (1998). Nutrition and feeding of fish. Norwell: Kluwer Academic 

Publishers. 

Luna, L.G. (1968). Manual of histology staining methods of the Armed Forces Institute 

of Phatology (Third ed.). New York: McGraw-Hill Book Company. 

Lundgren, R., Staples, D.J., Funge-Smith, S.J. , & Clausen, J. (2006). Status and 

Potential of Fisheries and Aquaculture in Asia and the Pacific 2006. Bangkok: 

FAO Regional Office for Asia and the Pacific. 

Luo, L., Wang, J., Pan, Q., Xue, M., Wang, Y., Wu, X., & LI, P. (2012). Apparent 

digestibility coefficient of poultry by-product meal (PBM) in diets of Penaeus 

monodon (Fabricius) and Litopenaeus vannamei (Boone), and replacement of 

fishmeal with PBM in diets of P. monodon. Aquaculture Research, 43(8), 

1223-1231.  

Luo, Z., Liu, Y.J., Mai, K.S., Tian, L.X., Tan, X.Y., & Yang, H.J. (2007). Effects of 

dietary arginine levels on growth performance and body composition of 

juvenile grouper Epinephelus coioides. Journal of Applied Ichthyology, 23(3), 

252-257.  

Luo, Z., Tan, X. Y., Chen, Y. D., Wang, W. M. , & Zhou, G. (2008). Apparent 

digestibility coefficients of selected feed ingredients for Chinese mitten crab 

Eriocheir sinensis. Aquaculture, 285(1-4), 141-145.  

Lupatsch, I, Kissil, G Wm, Sklan, D, & Pfeffer, E. (1997). Apparent digestibility 

coefficients of feed ingredients and their predictability in compound diets for 

gilthead seabream, Sparus aurata L. Aquaculture Nutrition, 2(2), 81-89.  

Lupatsch, I, Kissil, G Wm, Sklan, D, & Pfeffer, E. (1998). Energy and protein 

requirements for maintenance and growth in gilthead seabream (Sparus aurata 

L.). Aquaculture Nutrition, 4(3), 165-173.  

Lupatsch, I.& Kissil, G.W. (2005). Feed formulations based on energy and protein 

demands in white grouper (Epinephelus aeneus). Aquaculture 248(1-4), 83-

95.  



© C
OPYRIG

HT U
PM

132 

 

Lusas, E.W. & Riaz, M.N. (1995). Soy protein products: processing and use. The 

Journal of Nutrition, 125(3), 573S–580S.  

Luzzana, U., Mentasti, T., Opstvedt, J., Nygård, E., Moretti, V.M., & Valfrè, F. 

(1999). Racemization kinetics of aspartic acid in fish material under different 

conditions of moisture, pH, and oxygen pressure. Journal of Agricultural and 

Food Chemistry, 47(7), 2879-2884.  

Lymer, D., Funge-Smith, S., J., Clausen., & Miao, W. (2010). Status and potential of 

fisheries and aquaculture in Asia and the Pacific 2008. Bangkok: FAO 

Regional Office for Asia and the Pacific. 

Magnus, J.B. (2007). Thermodynamic analysis. Jülich: Forschungszentrum Jülich. 

Mai, K., Zhang, L., Ai, Q., Duan, Q., Zhang, C., Li, H., Wan, J., & Liufu, Z. (2006). 

Dietary lysine requirement of juvenile seabass, Lateolabrax japonicas. 

Aquaculture, 258(1-4), 535-542.  

Maina, J.G., Beames, R.M., Higgs, D., Mbugua, P.N., Iwama, G., & Kisia, S.M. 

(2002). Digestibility and feeding value of some feed ingredients fed to tilapia 

Oreochromis niloticus (L.). Aquaculture Research, 33(11), 853-862.  

Makinde& John, O. (2015). Maggot meal: A sustainable protein source for livestock 

production-a review. Advances in Life Science and Technology, 31, 35-42.  

Makkar, H.P.S., Tran, G., Heuzé, V., & Ankers, P. (2014). State-of-the-art on use of 

insects as animal feed. Animal Feed Science and Technology, 197, 1-33.  

Martinsa, D.A. , Valentea, L.M.P., & Lall, S.P. (2009). Apparent digestibility of lipid 

and fatty acids in fish oil, poultry fat and vegetable oil diets by Atlantic halibut, 

Hippoglossus hippoglossus L. Aquaculture, 294(1-2), 132-137.  

Mazurkiewicz, J., Przyby, A., & Golski, J. (2009). Usability of some plant protein 

ingredients in the diets of Siberian sturgeon Acipenser baerii Brandt. Archives 

of Polish Fisheries, 17(2), 45-52.  

McCallum, I.M.& Higgs, D. (1989). An assessment of processing effects on the 

nutritive value of marine protein sources for juvenile chinook salmon 

(Oncorhynchus tshawytscha). Aquaculture, 77(2-3), 181-200.  

McGoogan, B.B. & Gatlin, D.M. (2000). Dietary manipulations affecting growth and 

nitrogenous waste production of red drum, Sciaenops ocellatus. II. Effects of 

energy level and nutrient density at various feeding rates. Aquaculture, 182(3-

4), 271–285.  

McGoogan, B.B.& Reigh, R.C. (1996). Apparent digestibility of selected ingredients 

in red drum (Sciaenops ocellatus) diets. Aquaculture, 141(3-4), 233-244.  

McGrouther, M. (2012). European carp, Cyprinus carpio Linnaeus, 1758.  Retrieved 

8 June 2013, from Australian Museum http://australianmuseum.net.au 

Mei Sze, W. (2015). Investigation of Alternative Ingredients for the Replacement of 

Fishmeal in Formulation of Feed for Malaysian Mahseer Fingerlings, Tor 

tambroides. (Master of Science. Thesis), Universiti Tunku Abdul Rahman.    

Meyer, G.& Fracalossi, D.M. (2004). Protein requirement of jundia 

fingerlings,Rhamdia quelen, at two dietary energy concentration. Aquaculture, 

240(1-4), 331-343.  

Mhurchu, C.N., Dunshea-Mooij, C. , Bennett, D., & Rodgers, A. (2005). Effect of 

chitosan on weight loss in overweight and obese individuals: a systematic 

review of randomized controlled trials. Obesity Reviews, 6(1), 35-42.  

Miles, R.D.& Chapman, F.A. (2007). What Are Nutrient-Dense Fish Feeds and Their 

Importance in Aquaculture? University of Florida: Department of Fisheries 

and Aquatic Sciences. 

 

http://australianmuseum.net.au/


© C
OPYRIG

HT U
PM

133 

 

Millamena, O.M. (2002). Replacement of fishmeal by animal by-product meals in a 

practical diet for grow-out culture of grouper Epinephelus coioides. 

Aquaculture, 204(1-2), 75-84.  

Millikin, M.R. (1982). Qualitative and quantitative nutrient requirements of fishes: A 

review. Fishery Bulletin, 80(4), 655-686.  

Misieng, J.D., Kamarudin, M. S., & Musa, M. (2011). Optimum dietary protein 

requirement of Malaysian mahseer (Tor tambroides) fingerling. Pakistan 

Journal of Biological Sciences, 14(3), 232-235.  

Mohamadsalehi, A.& Baboli, M.J. (2015). Replacement of fishmeal with poultry by-

product meal on body composition in practical diets for beluga sturgeon (Huso 

huso). AACL Bioflux, 8, 177-183.  

Mohanta, K. N., Mohanty, S. N., Jena, J. K., & Sahu, N. P. (2008). Protein requirement 

of silver barb, Puntius gonionotus fingerlings. Aquaculture Nutrition, 14(2), 

143–152.  

Mohanta, K. N., Mohanty, S. N., Jena, J., & Sahu, N. P. (2009). A dietary energy level 

of 14.6 MJ kg−1 and protein-to-energy ratio of 20.2 g MJ−1 results in best 

growth performance and nutrient accretion in silver barb Puntius gonionotus 

fingerlings. Aquaculture Nutrition, 15(6), 627-637.  

Mohanta, K. N., Subramaniam, S., & Korikanthimath, V.S. (2013). Evaluation of 

different animal protein sources in formulating the diets for blue gourami, 

Trichogaster trichopterus fingerlings. Aquaculture Research and 

Development, 4(2), 1-7.  

Mohanta, K.N., Mohanty, S.N., Jena, J.K., & Sahu, N.P. (2006). Apparent protein, 

lipid and energy digestibility coefficients of some commonly used feed 

ingredients in formulated pelleted diets for silver barb, Puntius gonionotus. 

Aquaculture Nutrition, 12(3), 211-218.  

Mohanta, K.N., Subramanian, S., & Korikanthimath, V.S. (2016). Effect of different 

animal protein sources on growth and nutrient utilization of guppy, Poecilia 

reticulata fingerlings. Proceedings of the Zoological Society, 69(1), 96-103.  

Mohanty, B., Mahanty, A., Ganguly, S., Sankar, T.V., Chakraborty, K. , Rangasamy, 

A., Paul, B., Sarma, D. , Mathew, S. , Asha, K.K., Behera, B. , Aftabuddin, 

MD., Debnath, D., Vijayagopal, P. , Sridhar, N., Akhtar, M.S., Sahi, N., Mitra, 

T. , Banerjee, S., Paria, P., Das, D., Das, P., Vijayan, K.K., Laxmanan, P.T., & 

Sharma, A.P. (2014). Amino acid compositions of 27 food fishes and their 

importance in clinical nutrition. Journal of Amino Acids, 2014(Article ID 

26979), 7. doi: 10.1155/2014/269797 

Mohsin, A.K.M. & Ambak, M.A. (1983). Freshwater Fishes of Peninsular Malaysia. 

Universiti Pertanian Malaysia: Penerbit Universiti Pertanian Malaysia. 

Mok, W.J., Hatanaka, Y., Seoka, M., Itoh, T., Tsukamasa, Y., & Ando, M. (2014). 

Effects of additional cysteine in fish diet on mercury concentration. Food 

Chemistry, 147, 340-345.  

Mommsen, T.P., Moon, T.W., & Plisetskaya, E.M. (2001). Effects on arginine on 

pancreatic hormones and hepatic metabolism in rainbow trout. Physiological 

and Biochemical Zoology, 74(5), 668–678.  

Monje, H.& Viana, M.T. (1998). The effect of cellulose on the growth and cellulolytic 

activity of abalone Haliotis fulgens when used as an ingredient in formulated 

artificial diets. Journal of Shellfish Research, 17(3), 657– 662.  

 

 

 



© C
OPYRIG

HT U
PM

134 

 

Morais, S., Gordon Bell, J., Robertson, D.A., R., William J., & Paul, C. M. (2001). 

Protein lipid ratios in extruded diets for Atlantic cod (Gadus morhua L.) : 

Effects on growth, feed utilisation, muscle composition and liver histology. 

Aquaculture, 203(1-2), 101-119.  

Moro, G.V., Silva, T.S.C., & Cyrino, J.E.P. (2015). Feed processing affected the 

digestibility of carbohydrate sources for dourado Salminus brasiliensis. 

Aquaculture Nutrition, 23(1), 1-6.  

Morris, S.M. Jr. (2006). Arginine: Beyond protein. American Journal of Clinical 

Nutrition, 83(2), 508S–512S.  

Mukhopadhyay, N.& Ray, A.K. (1997). The apparent total and nutrient digestibility 

of sal seed (Shorea robusta) meal in rohu, Labeo rohita (Hamilton), 

fingerlings. Aquaculture Research, 28(9), 683-689.  

Muzquiz, M., Hill, G.D., Cuadrado, C., Pedrosa, M.M., & Burbano, C. (2004). Recent 

Advances of Research in Antinutritional Factors in Legume Seeds and 

Oilseeds. Wagenigen: Wagenigen Academic Publishers. 

Nakashima, K., Yakabe, Y. , Ishida, A., Yamazaki, M., & Abe, H. (2007). Suppression 

of myofibrillar proteolysis in chick skeletal muscles by a-ketoisocaproate. 

Amino Acids, 33(3), 499-503.  

Nandakumar, S., Ambasankar, K., Syama DayaL, J., Raman, C., & Raffic Ali, S. 

(2013). Fishmeal replacement with chicken waste meal in Asian seabass (Lates 

calcarifer) feeds. Indian Journal of Fisheries, 60(2), 109-114.  

Nankervis, l., Matthews, S.J., & Appleford, P. (2000). Effect of dietary non-protein 

energy source on growth, nutrient retention and circulating insulin-like growth 

factor I and triiodothyronine levels in juvenile barramundi, Lates calcarifer. 

Aquaculture 191(4), 323-335.  

Narejo, N.T., Dars, B.A., Khoso, H.B., & Mehsar, H. (2011). Optimum protein 

requirements for the intensive culture of Labeo rohita (Hamilton) in glass 

aquaria. Sindh University Research Journal (Science Series), 43, 143-146.  

Naylor, R.L. , Goldburg, R.J., Primavera, J.H., Kautskyik, N., Beveridge, M.C.M., 

Clay, J., Folkeik, C., Lubchenco, J. , Mooney, H. , & Troell, M. (2000). Effect 

of aquaculture on world fish supplies. Nature, 405, 1017-1024.  

Neaves, C. (2002). Nutrition Module. University of Guelph, Ontario: KHA Training 

Program. 

Nengas, I., Alexis, M.N., & Davis, S.J. (1999). High inclusion levels of poultry meals 

and related by products in diets for gilthead seabream, Sparus aurata L. 

Aquaculture, 179(1-4), 12-23.  

Newton, L., Sheppard, D.C., Wes watson, D., Burtle, G., & Dove, R. (2005). Using 

the Black Soldier Fly, Hermetia illucens, As a Value-Added Tool for the 

Management of Swine Manure. North Carolina State University: The Animal 

and Poultry Waste Management Center. 

Ng, W.K., Abdullah, N., & De Silva, S.S. (2008). The dietary protein requirement of 

the Malaysian mahseer, Tor tambroides (Bleeker), and the lack of protein-

sparing action by dietary lipid. Aquaculture, 284(1-4), 201-206.  

Ng, W.K., Liew, F.L., Ang, L.P., & Wong, L.X. (2001). Potential of mealworm 

(Tenebrio molitor) as an alternative protein source in practical diets for African 

catfish, Clarias gariepinus. Agriculture Resources, 32(1), 273–280.  

NRC. (1993). Nutrient Requirements of Fish. Washington, D.C.: National Academic 

Press. 

 

 



© C
OPYRIG

HT U
PM

135 

 

Nunes, A.J.P., Sá, M.V.C., Browdy, C.L., & Anon, M.V. (2014). Practical 

supplementation of shrimp and fish feeds with crystalline amino acids. 

Aquaculture, 431(Special Issue), 20-27.  

Nwanna, L.C. (2002). Performance of hybrid clariid catfish fingerlings (male 

Heterobranchus bidorsalis x female Clarias gariepinus) fed poultry layer 

waste diets in glass tanks. Journal of Applied Aquaculture, 12(3), 99-106.  

Ogata, H.Y. (2002). Muscle buffering capacity of yellowtail fed diets supplemented 

with crystalline histidine. Journal of Fish Biology, 61(6), 1504–1512.  

Ogata, Y., Morioka, S., Sano, K., Vongvichith, B., Eda, H. , Kurokura, H., & 

Khonglaliane, T. (2010). Growth and morphological development of 

laboratory-reared larvae and juveniles of the Laotioan indigenous cyprinid 

Hypsibarbus malcolmi. Ichthyological Research, 57(4), 389-397.  

Ogunji, Toor, R., Schulz, C., & Kloas, W. (2008). Growth performance, nutrient 

utilization of Nile tilapia Oreochromis niloticus fed housefly maggot meal 

(magmeal) diets. Turkish Journal of Fisheries and Aquatic Sciences, 8, 141-

147.  

Ogunji, J.O., Kloas, W., Wirth, M., Schulz, C., & Rennert, B. (2006). Housefly 

Maggot Meal (Magmeal): An Emerging Substitute of Fishmeal in Tilapia 

Diets. University of Bonn: The Centre for Development Research, Bonn, 

Germany. 

Ogunji, J.O., Nimptsch, J., Wiegand, C., Schulz, C., & Rennert, B. (2011). Effect of 

housefly maggot meal (magmeal) diets on catalase, and glutathione S-

transferase in the liver and gills of carp Cyprinus carpio fingerling. 

International Aquatic Research, 3, 11-20.  

Ogunji, J.O., Pagel, T., Schulz, C., & Kloas, W. (2009). Apparent digestibility 

doefficient of housefly maggot meal (magmeal) for Nile tilapia (Oreochromis 

niloticus L.) and carp (Cyprinus carpio). Asian Fisheries Science, 22(4), 1095-

1105.  

Okah, U.& Onwujiariri, E.B. (2012). Performance of finisher broiler chickens fed 

maggot meal as a replacement for fishmeal. Journal of Agricultural 

Technology, 8(2), 471-477.  

Okereke, A.N., Okpara, J.Y., & Ogumuka, S.O. (2014). Comparative nutritional 

composition of smoked catfish (Clarias gariepinus) produced from NIOMR 

smoking kiln and local cut drum oven. American Journal of Food Technology, 

9, 377-381.  

Olaniyi, C. O.& Salau, B. R. (2013). Utilization of maggot meal in the nutrition of 

African catfish. African Journal of Agricultural Research, 8(37), 4604-4607.  

Olli, J.J., Krogdahl, A., & Vabeno, A. (1995). Dehulled solvent extracted soybean 

meal as a protein source in diets for Atlantic salmon, Salmo salar L. 

Aquaculture Research, 26(3), 167-174.  

Olsen, R.L.& Hasan, M.R. (2012). A limited supply of fishmeal: Impact on future 

increases in global aquaculture production. Trend in Food Science and 

Technology, 27(2), 120-128.  

Omar, I., Noh, K.M., Raja Abdullah, N.M., & Kuperan, K. (1992). Malaysian fisheries 

policy: Search for new grounds. Marine Policy 16(6), 438-450.  

Opstvedt, J., Miller, R., Hardy, R.W. , & Spinelli, J. (1984). Heat-induced changes in 

sulfhydryl groups and disulfide bonds in fish protein and their effect on protein 

and amino acid digestibility in rainbow trout (Salmo gairdneri). Journal of 

Agricultural Food Chemistry, 32(4), 929-935.  

 



© C
OPYRIG

HT U
PM

136 

 

Østergaard, P., Munk, P., & Janekarn, V. (2005). Contrasting feeding patterns among 

species of fish larvae from the Tropical Andaman Sea. Marine Biology, 146(3), 

595-606.  

Ovie, S.S.& Eze, S.S. (2013). Lysine requirement and its effect on the body 

composition of Oreochromis niloticus fingerlings. Journal of Fisheries and 

Aquatic Science, 8(1), 94-100.  

Owsley, W.F., Haydon, K.D., & Lee, R.D. (1987). Effect of variety and planting 

location on the value of triticale for swine. Journal of Animal Science, 65(1), 

37.  

Oyelese, O.A. . (2007). Utilization of compounded ration and maggot in the diet of 

Clarias gariepinus. Research Journal of Applied Science, 2(3), 301-306.  

Pack, M., Rodehutscord, M., Jacobs, S., & Pfeffer, E. (1995). Amino acid 

requirements of rainbow trout (Oncorhynchus mykiss): II. Protein deposition 

as function of dietary methionine, threonine and arginine. Journal of Applied 

Ichthyology, 11(3-4), 390-394.  

Page, J.W.& Andrews, J.W. ( 1973). Interactions of dietary levels of protein and 

energy on channel catfish (Ictalurus puntatus). The Journal of Nutrition, 

103(9), 1339-1346.  

Parsons, C.M., Castanon, F., & Han, Y. (1997). Protein and amino acid quality of meat 

and bone meal. Journal of Poultry Science, 76(2), 361-368.  

Peres, H.& Oliva-Teles, A. (2005). The effect of dietary protein replacement by 

crystalline amino acid on growth and nitrogen utilization of turbot 

Scophthalmus maximus juveniles. Aquacultue, 250(3-4), 755-764.  

Pohlenz, C., Buentello, A., H., Sta le J., & Gatlin, D.M. (2014). Effects of dietary 

arginine supplementation on growth, protein optimization and innate immune 

response of channel catfish Ictalurus punctatus (Rafinesque 1818). 

Aquaculture Research, 45(3), 491-500.  

Powell, E.N., Kasschau, M., Chen, E., Koenig, M., & Pecon, J. (1982). Changes in 

free amino acid pool during environmental stress in the gill of the oyster 

Crassostrea virginica. Comparative Biochemistry and Physiology, 71(4), 591–

598.  

Priyadarshini, M., Manissery, J.K., Gangadhara, B., Rao, L.M. , & Keshavanath, P. 

(2011). Growth responses of Catla catla 

(Actinopterygh:Cypriniformes:Cyprinidae ) to soya and maize supplemented 

traditional feed mixture. Acta Ichthyologica Et Piscatoria, 41(3), 159-164.  

Quartararo, N., Allan, G. L. , & Bell, J. D. (1998). Replacement of fishmeal in diets 

for Australian snapper, Pagrus auratus. Aquaculture 166(3-4), 279-295.  

Rahimnejad, S.& Kyeong-Jun, L. (2013). Dietary valine requirement of juvenile red 

sea bream Pagrus major. Aquaculture 416–417, 212–218.  

Rahmatullah, S.M., Miah, M.I., Saha, J.K., & Rahman, M.M. . (2001). Relationship 

between total length and mouth gap of some commercially important carp fry. 

Bangladesh Journal of Fisheries Research, 5(1), 101-104.  

Rainboth, W. (2012). Hypsibarbus wetmorei. The IUCN Red List of Threatened 

Species 2012. Mississippi: International Union for Conservation of Nature and 

Natural Resources. 

Rainboth, W.J. (1996). FAO Species Identification Field Guide for Fishery Purposes. 

Fishes of the Cambodian Mekong. Rome: Food and Agriculture Organization 

of the United Nations. 

 

 



© C
OPYRIG

HT U
PM

137 

 

Ramos-Elorduy, J., Moreno, J.M.P., Prado, E.E., Perez, M.A., Otero, J.L., & de 

Guevara, O.L. (1997). Nutritional value of edible insects from the State of 

Oaxaca, Mexico. Journal of Food Composition and Analysis, 10(2), 142-157.  

Ramsden, M. (2016). Insects: A new ingredient for poultry feed?  Retrieved 12 

January 2016, from RSK ADAS Ltd. http://www.adas.uk 

Rana, K.J., Siriwardena, S., & Hasan, M.R. (2009). Impact of Rising Feed Ingredient 

Prices on Aquafeeds and Aquaculture Production. Rome: Food and 

Agriculture Organization of United Nations  

Randall, D., Bolis, L., & Agradi, E. (1990). Fish in human nutrition research and the 

implications for aquaculture. Ambio, 19(5), 272-275.  

Rawles, S.D., Thompson, K.R., Brady, Y.J., Metts, L.S., & Aksoy, M.Y. (2011). 

Effects of replacing fishmeal with poultry by-product meal and soybean meal 

and reduced protein level on the performance and immune status of pond-

grown sunshine bass (Morone chrysops × M. saxatilis). Aquaculture Nutrition, 

17(3), 708-721.  

Refstie, S., Korsøen, Ø., Storebakken, T., Baeverfjord, G., Lein, I., & Roem, A. J. 

(2000). Differing nutritional responses to dietary soybean meal in rainbow 

trout (Oncorhynchus mykiss) and Atlantic salmon (Salmo salar). Aquaculture, 

190(1-2), 9-63.  

Reid, G. McG., Contreras MacBeath, T. , & Csatadi, K. (2013). Global challenges in 

freshwater fish conservation related to public aquariums and the aquarium 

industry. International Zoo Yearbook, 147(1), 6-45.  

Reigh, R.C.& Ellis, S.C. (1992). Effects of dietary soybean and fish– protein ratios on 

growth and body composition of red drum (Sciaenops ocellatus) fed 

isoenergetic diets. Aquaculture, 104(3/4), 279– 292.  

Renukaradhya, K.M.& Varghese, T.J. (1986). Protein requirement of the carps, Catla 

catla (Hamilton) and Labeo rohita (Hamilton). Proceedings of the Indian 

Academy of Science (Animal Science), 95(1), 103-107.  

Ribeiro, F.B., Lanna, E.A.T., Bomfim, M.A.D., Donzele, J.L., Quadros, M. , Cunha, 

P.D.S.L., Takishita, S.S., & Vianna, R.A. (2012). Apparent and true 

digestibility of protein and amino acid in feedstuffs used in Nile tilapia feed as 

determined by the technique of dissection. Revista Brasileira de Zootecnia, 

41(5), 1075-1081.  

Ribeiro, F.B., Lanna, E.A.T., Bomfim, M.A.D., Donzele, J.L., Quadros, M., & Cunha, 

P.D.S.L. (2011). True and apparent digestibility of protein and amino acids of 

feed in Nile tilapia. Revista Brasileira de Zootecnia, 40(5), 939-946.  

Riley, W.W., Higgs, D.A., Dosanjh, B.S., & Eales, J.G. (1996). Influence of dietary 

arginine and glycine content on thyroid function and growth of juvenile 

rainbow trout, Oncorhynchus mykiss (Walbaum). Aquaculture Nutrition, 2(4), 

235–242.  

Robinson, E.H.& Li, M.H. (1994). Use of plant proteins in catfish feeds. Replacement 

of soybean meal with cottonseed meal and replacement of fishmeal with 

soybean meal and cottonseed meal. Journal of the World Aquaculture Society, 

25(2), 271-276.  

Robinson, E.H.& Li, M.H. (1996). A Practical Guide of Nutrition, Feeds, and Feeding 

of Catfish. Mississippi: Mississippi Agricultural and Forestry Experiment 

Station. 

 

 

 

http://www.adas.uk/


© C
OPYRIG

HT U
PM

138 

 

Robinson, E.H.& Li, M.H. (1998). Comparison of practical diets with and without 

animal protein at various concentrations of dietary protein on performance of 

channel catfish Ictalurus punctatus raised in earthen ponds. Journal of the 

World Aquaculture Society, 29(3), 273-280.  

Rodehutscord, M., Borchert, F., Gregus, Z., Pack, M., & Pfeffer, E. (2000). 

Availability and utilisation of free lysine in rainbow trout (Oncorhynchus 

mykiss): 1. Effect of dietary crude protein level. Aquaculture 187(1-2), 163-

176.  

Rønnestad, I., Yufera, M., Ueberscha, B., Ribeiro, L., Sæle, O., & Boglione, C. (2013). 

Feeding behaviour and digestive physiology in larval fish: current knowledge, 

and gaps and bottlenecks in research. Aquaculture, 5(1), S59-S98.  

Roos, N., Abdul Wahab, M.D., Chamnan, C., & Thilsted, S.H. (2007). The role of fish 

in food-based strategies to combat vitamin A and mineral deficiencies in 

developing countries. The Journal of Nutrition, 4(4), 1106-1109.  

Rumsey, G. L. (1993). Fishmeal and alternative sources of proteins. Fisheries 18(7), 

14-19.  

Russo, T., Boglione, C., De Marzi, P., & Cataudella, S. (2009). Feeding preferences 

of the dusky grouper (Epinephelus marginatus, Lowe 1834) larvae reared in 

semi-intensive conditions: a contribution addressing the domestication of this 

species. Aquaculture, 289(3-4), 289-2896.  

Saavedra, M., Conceição, L.E.C, Barr, Y. , Helland, S. , Pousão-Ferreira, P., Yúfera, 

M., & Dinis, M.T. (2010). Tyrosine and phenylalanine supplementation on 

Diplodus sargus larvae: effect on growth and quality. Aquaculture Research, 

41(10), 1523-1532.  

Salhi, M., Bessonart, M., Chediak, G., Bellagamba, M., & Carnevia, D. (2004). 

Growth, feed utilization and body composition of black catfish, Rhamdia 

quelen, fry fed diets containing different protein and energy levels. 

Aquaculture, 231(1-4), 435-444.  

Salim, M., Aziz, I., Sultan, J. I., & Mustafa, I. (2004). Evaluation of apparent 

digestibility of fishmeal, sunflower meal and rice polishings for Labeo rohita. 

Pakistan Journal of Life and Social Sciences, 2(2), 139-144.  

Sánchez-Muros, M. J. , Garcia-Rejon, L., Lupianez, J. A., & De la Higuera, M. (1996). 

Long-term nutritional effects on the primary liver kidney metabolism in 

rainbow trout (Oncorhynchus mykiss). II. Adaptative response of glucose 6-

phosphate dehydrogenase activity to high-carbohydrate/low-protein and high-

fat/non-carbohydrate diets. Aquaculture Nutrition, 2(4), 193-200.  

Santiago, C.B& Reyes, O.S. (1991). Optimum dietary protein level for growth of 

bighead carp (Aristichthys nobilis) fry in a static water system. Aquaculture, 

93(2), 155-165.  

Santinha, P.J.M., Medale, F., Corraze, G. , & Gomes, E.F.S. (1995). Effects of the 

dietary protein : lipid ratio on growth and nutrient utilization in gilthead 

seabream (Sparus aurata L.). Aquaculture Nutrition, 5(3), 147-156.  

Sanver, F. (2005). Maintenance energy requirements in rainbow trout (Oncorhynchus 

mykiss W., 1792) fed at largely varying feeding intensities. Journal of 

Fisheries and Aquatic Sciences, 22(3), 325–329.  

Sarkar, S., Mohanty, S.N., Nayak, K.C., Pradhan, C., Mohanta, K.N., & Devaraj, C. 

(2015). Protein requirement of IR- Jayanti (Labeo rohita) fingerlings. 

International Journal of Fisheries and Aquatic Studies, 32(2), 324-330.  

 

 



© C
OPYRIG

HT U
PM

139 

 

Sealey, W.M., Gaylord, T.G., Barrows, F. T., Tomberlin, J.K, Mcguire, M.A., Ross, 

C., & St-hilaire, S. (2011). Sensory analysis of rainbow trout, Oncorhynchus 

mykiss, fed enriched black soldier fly prepupae, Hermetia illucens. Journal of 

the World Aquaculture Society, 42(1), 34-45.  

Serour, T. M., Essa, M. A., Abdel-Rahim, M. M., & Mansour, M. A. (2016). 

Replacement of fishmeal with poultry by-product meal (pbm) and its effects 

on the survival, growth, feed utilization, and microbial load of European 

seabass, Dicentrarchus labrax fry. Global Advanced Research Journal of 

Agricultural Science 5(7), 293-301.  

Shahzad, K., Salim, M. , & Asad, F. (2006). Evaluation of apparent digestibility 

coefficient of corn, wheat and feather meal for Labeo rohita. Pakistan Journal 

of Zoology, 38(2), 125-130.  

Shamushaki, V.A.J., Kasumyan, A.O., Abedian, A., & Abtahi, B. (2007). Behavioural 

responses of the Persian sturgeon (Acipenser persicus) juveniles to free amino 

acid solutions. Marine and Freshwater Behaviour and Physiology, 40(3), 219–

224.  

Shapawi, R. , Ng, W.K, & Mustafa, S. (2007). Replacement of fishmeal with poultry 

by-product meal in diets formulated for the humpback grouper, Cromileptes 

altivelis. Aquaculture, 273(1), 118-126.  

Sharma, B.B.& Parab, N.S. (2010). Effect of amino-acid phenylalanine on the protein 

content and growth of fish. Variorum, 1(2), 1-4.  

Sheppard, D.C., Newton, G.L. , Thompson, S.A., & Savage, S. (1994). A value added 

manure management system using the black soldier fly. Bioresource 

Technology, 50(3), 275-279.  

Sheppard, D.C., Tomberlin, J.K., Joyce , J.A, & Barbara, C. (2002). Rearing methods 

for the black soldier fly (Diptera:Stratiomyidae). Journal of Medical 

Entomology, 39(4), 695-698.  

Shiau, S.H.& Huang, S.L. (1990). Influence of varying energy levels with two protein 

concentrations in diets for hybrid tilapia (Oreochromis niloticusx 0. aureus) 

reared in seawater. Aquaculture, 91, 143-152.  

Shiau, S.Y. & Peng, C.Y. (1993). Protein sparing effect by carbohydrates in diets for 

tilapia, Oreochromis niloticus x O. aureus. Aquaculture, 117, 327-334.  

Shiau, S.Y.& Huang, S.L. (1989). Optimal dietary protein level for hybrid tilapia 

(Oreochromis niloticus x 0. aureus) reared in seawater. Aquaculture, 81(2), 

119-127.  

Shiau, S.Y.& Lan, C.W. (1996). Optimum dietary protein level and protein to energy 

ratio for growth of grouper (Epinephelus malabaricus). Aquaculture, 145(1-

4), 259-266.  

Shimeno, S., Takeda, M., Takayama, S., & Sasaki, H. (1981). Response of nitrogen 

excretion to change of dietary composition in carp. Bulletin of the Japanese 

Society for the Science of Fish, 47(2), 191-195.  

Shimomura, Y., Yamamoto, Y., Bajotto, G., Sato, J., Murakami, T., Shimomura, N., 

Kobayashi, H., & Mawatari, K. (2006). Nutraceutical effects of branched-

chain amino acids on skeletal muscle. The Journal of Nutrition, 136(2), 529S–

532S.  

Shinoda, S.& Yoshida, T. (1989). Influence of sodium phytate and gut microflora on 

the solubility of Ca, Mg and Zn in the rat digestive tract. Nutrition Report 

International, 40(5), 909-922.  

Shiva, V.& Barker, D. (2011). The Vandana Shiva Reader. Kentucky: The University 

Press of Kentucky. 



© C
OPYRIG

HT U
PM

140 

 

Shyong, W.J., Huang, C.H. , & Chen, H.C. (1998). Effects of dietary protein 

concentration on growth and muscle composition of juvenile Zacco barbata. 

Aquaculture, 167(1-2), 35-42.  

Siddiqui, A.Q., Mohammad, S. , Howlader, & Ahmad, A. A. (1988). Effects of dietary 

protein levels on growth, feed conversion and protein utilization in fry and 

young Nile tilapia, Oreochromis niloticus. Aquaculture, 70(1-2), 63-73.  

Simhachalama, G., Sampath Kumar, N.S., & Govinda Rao, K. (2015). Biochemical 

composition and nutritional value of Streptocephalus simplex as live feed in 

ornamental fish culture. The Journal of Basic and Applied Zoology, 72, 66-72.  

Sing, K.W., Kamarudin, M. S., Wilson, J.J., & Azirun, M.S. (2014). Evaluation of 

blowfly (Chrysomya megacephala) maggot meal as an effective, sustainable 

replacement for fishmeal in the diet of farmed juvenile red tilapia 

(Oreochromis sp.). Pakistan Veterinary Journal, 34(3), 288-292.  

Singh, P.K., Gaur, S.R., Barik, P., Sulochana, Smriti, S., & Singh, S. (2005). Effect of 

protein levels on growth and digestibility in the Indian major carp, Labeo 

rohita (Hamilton) using staughter house waste as a protein sources. 

International Journal of Agriculture and Biology, 7(6), 939-9941.  

Sintayehu, A., Mathies, E., Meyer-Burgdorff, K. - H., Rosenow, H., & Gunther, K. - 

D. (1996). Apparent digestibilities and growth experiments with tilapia 

(Oreochromis niloticus) fed soybean meal, cottonseed meal and sunflower 

seed meal. Journal of Applied Ichthyology, 12(2), 125-130.  

Smith, H. M. (1931). Descriptions of new genera and species of Siamese fishes. 

Proceedings of the United States National Museum, 79, 1-48.  

Smith, R. R., Peterson, M.C., & Allerd, A.C. (1980). Effects of leaching on apparent 

digestion coefficients of feedstuffs for salmonids. Progressive Fish Culturist, 

42(4), 195-199.  

SRAC. (1998). Improving Feeds for Hybrid Striped Bass. Mississippi: Southern 

Regional Aquaculture Centre. 

St-Hilaire, S., Cranfill, K., Mcguire, M.A., Mosley, E.E., Tomberlin, J.K., Newton, 

G.L., Sealey, W., Sheppard, C., & Irving, S. (2007a). Fish offal recycling by 

the black soldier fly produces a foodstuff high in omega-3 fatty acids. Journal 

of the World Aquaculture Society, 38(2), 309-313.  

St-Hilaire, S., Sheppard, C., & Tomberlin, J.K. (2007b). Fly prepupae as a feedstuff 

for rainbow trout, Oncorhynchus mykiss. Journal of the World Aquaculture 

Society, 38(1), 59-67.  

Stamer, A., Weselss, S., Neidigk, R., & Hoerstgen-Schwark, G. (2014). Black soldier 

fly (Hermetia illucens) larvae-meal as an example for a new feed ingredients’ 

class in aquaculture diets. In G. Rahmann & U. Aksoy (Eds.), Building 

Organic Bridges: Proceedings of the 4th ISOFAR Scientific Conference at the 

Organic World Congress 2014. Istanbul: International Society of Organic 

Agriculture Research (ISOFAR). 

Stankovic, M.B., Dulic, Z.P., & Markovic, Z.Z. (2011). Protein sources and their 

significance in carp (Cyprinus carpio L.) nutrition. Journal of Agricultural 

Sciences, 56(1), 75-86.  

Stavros, C., Mihalis, P., Carmen, D.J., George, V., Aspasia, S., & Pascal, D. (2005). 

The effect of different carotenoid sources on skin coloration of cultured red 

porgy (Pagrus pagrus). Aquaculture Research, 36(15), 1517-1525.  

Steffens, W. (1988). Utilization of poultry by-products meal for raising carp 

fingerlingss (Cyprinus carpio). Archieves of Animal Nutrition, 38(2), 147-152.  

 



© C
OPYRIG

HT U
PM

141 

 

Steffens, W. (1994). Replacing fishmeal with poultry by-product meal in diets for 

rainbow trout Oncorhynchus mykiss. Aquaculture 124(1-4), 27-34.  

Stickney, R. R. (1995). Status and Future of Aquaculture. Champaign: AOCS Press. 

Stone, D. A. J. (2003). Dietary carbohydrate utilization by fish.  Retrieved 26 May 

2016 https://www.researchgate.net/publication 

Storebakken, T., Refstie, S., & Ruyter, B. (2000). Soy Products As Fat and Protein 

Sources in Fish Feeds for Intensive Aquaculture. Champaign: Federation of 

Animal Science Societies. 

Storebakken, T., Shearer, K.D., Refstie, S., Lagocki, S., & McCool, J. (1998). 

Interaction between salinity,dietary carbohydrate source and carbohydrate 

concentration on the digestibility of macronutrients and energy in rainbow 

trout (Oncorhynchus mykiss). Aquaculture, 163(3-4), 347-359.  

Stradmeyer, L., Metcalf, N.B., & Thorpe, J.E. (1988). Effect of food pellet shape and 

texture on the feeding response of juvenile Atlantic salmon. Aquaculture, 

73(1-4), 217-228.  

Sugiura, H., Gabaudan, J., Dong, F.M, & Hardy, R.W. (2001). Dietary microbial 

phytase supplementation and the utilization of phosphorus, trace minerals, and 

protein by rainbow trout Oncorhynchus mykiss (Walbum) fed soybean meal-

based diets. Aquaculture  Research, 32(7), 583-592.  

Sugiura, S.D., Dong, F.M., Rathbone, C.K., & Hardy, R.W. (1998). Apparent protein 

digestibility and mineral availabilities in various feed ingredients for salmonid 

feeds. Aquaculture, 159(3-4), 177-202.  

Suharmili, R., Kamarudin, M.S., Saad, C.R., Md Yasin, I.S., Ramezani-Fard, E., & 

Mahmud, M.H. (2015). Effects of varying dietary protein level on the growth, 

feed efficiency and body composition of lemon fin barb hybrid fingerlings. 

Iranian Journal of Fisheries Sciences, 14(2), 425-435.  

Suhenda, N.& Tahapari, E. (1997). Penentuan kebutuhan kadar protein pakan untuk 

pertumbuhan dan sintasan benih ikan jelawat (Leptobarbus hoeveni). Jurnal 

Penelitian Perikanan Indonesia, 3(2), 1-9.  

Sullivan, J.A.& Reigh, R.C. (1995). Apparent digestibility of selected feedstuffs in 

diets for hybrid striped bass (Morene saxatilis x Morene chrysops). 

Aquaculture, 138(1-4), 313-322.  

Surendra, K.C., Olivier, R., Tomberlin, J.K., Jha, R., & Khanal, S.K. (2016). 

Bioconversion of organic wastes into biodiesel and animal feed via insect 

farming. Renewable Energy, 98, 197-202.  

Szebedinszky, C.& Gilmour, K.M. (2002). The buffering power of plasma in brown 

bullhead (Ameiurus nebulosus). Comparative Biochemistry and Physiology 

Part B, 131(2), 171–183.  

Tabachek, J.L. (1988). The effect of feed particle size on the growth and feed 

efficiency of Arctic charr (Salvelinus alpinus L). Aquaculture, 71(4), 319-330.  

Tabinda, A.B.& Butt, A. (2012). Replacement of fishmeal with poultry by–product 

meal (chicken intestine) as a protein source in grass carp fry diet. Pakistan 

Journal of Zoology, 4(5), 1373-1381.  

Tacon, A.G.J. (1987). The Nutrition and Feeding of Farmed Fish and Shrimp - A 

Training Manual. 1. The Essential Nutrients. Brasilia: Food and Agriculture 

Organization of the United Nations. 

Tacon, A.G.J.& Metian, M. (2008). Global overview on the use of fishmeal and fish 

oil in industrially compounded aquafeeds: Trends and future prospects. 

Aquaculture, 285(1-4), 146-158.  

 

http://www.researchgate.net/publication


© C
OPYRIG

HT U
PM

142 

 

Tacon, A.G.J., Metian, M., & Hasan, M.R. (2009). Feed Ingredients and Fertilizers 

for Farmed Aquatic Animals. Sources and Composition. Rome: Food and 

Agriculture Organization of the United Nations. 

Tacon, A.J., Hasan, M.R., & Metain, M. (2011). Demand and supply of feed  

ingredients for farmed fish and crustaceans : Trends and prospects. Rome: 

Food and Agriculture Organization of the United Nations. 

Takagi, S.T., Hosokawa, H., Shimeno, S., & Ukawa, M. (2000). Utilization of poultry 

by-product meal in a diet for red sea bream Pagrus major. Nippon Suisan 

Gakkaishi, 66(3), 428-438.  

Takeuchi, T., Shiina, Y., Watanabe, T. , Sekiya, S., & Imaizumi, K. (1992). Suitable 

protein and lipid levels in diet for fingerlings of yellowtail. Nippon Suisan 

Gakkaishi 58(7), 1333-1339.  

Talamuk, R. (2016). Comparisons of Growth Performance of African Catfish (Clarias 

Gariepinus Burchell, 1822) Fingerlings Fed Different Inclusion Levels of 

Black Soldier Fly (Hermetia illucens) Larvae Meal Diets. (Master of Science 

in Agriculture (Aquaculture). Thesis), Stellenbosch University.    

Teotia, J.S.& Miller, B.F. (1974). Nutritive content of house fly pupae and manure 

residue. British Poultry Science, 15(2), 177-182.  

Teshima, S.I., Kanazawa, A., & Yoshihiro, U. (1985). Effects of dietary protein, lipid, 

and digestible carbohydrate levels on the weight gain, feed conversion 

efficiency, and protein efficiency ratio of Tilapia nilotica. Kagoshima 

University Research Center for the South Pacific, 6(1), 56-71.  

Than, K.C. (2016, 21 November 2016). [Price of aquafeed produced by Dinding Soya 

& Multifeed Sdn Bhd]. 

The Malay Mail. (2016). Only one in five poultry abattoirs licensed, says minister.  

Retrieved 24 December 2016, from Malay Mail Online 

http://www.themalaymailonline.com 

The World Bank. (2013). Fish To 2030 : Prospects for Fisheries and Aquaculture. 

Washington, DC.: The World Bank. 

Thestar. (2013). Wasteful ways of Malaysian gluttons.  Retrieved 31 October 2015, 

from Star Media Group Berhad. http://www.thestar.com.my 

Thinh, D.V., Van, N.S., & Nguyen, T.H.T. (2012). Barbonymus gonionotus. The 

IUCN Red List of Threatened Species 2012. Mississippi: International Union 

for Conservation of Nature and Natural Resources. 

Thompson, K.R., Rawles, S.D., Metts, L.S., Smith, R.G., Wimsatt, A., Gannam, A.L., 

Twibell, R.G., Johnson, R.B., Brady, J.A., & Webster, C.D. (2008). 

Digestibility of dry matter, protein, lipid, and organic matter of two fishmeals, 

two poultry by-product meals, soybean meal, and distiller’s dried grains with 

solubles in practical diets for sunshine bass, Morone chrysops x M. saxatilis. 

Journal of the the World Aquaculture Society, 39(3), 352-363.  

Tibaldi, E., Beraldo, P., Volpelli, L. A., & Pinosa, M. (1996). Growth response of 

juvenile dentex  (Dentex dentex L.) to varying protein level  and protein to lipid 

ratio in practical diets. Aquaculture, 139(1-2), 91-99.  

Turker, A., Yiğit, M., Ergun, S., Karaali, B. , & Erteken, A. (2005). Potential of poultry 

by-product meal as a substitute for fishmeal in diets for Black Sea turbot 

(Scophthalmus maeoticus): growth and nutrient utilization in winter. The 

Israeli Journal of Aquaculture-Bamidgeh, 57(1), 49-61.  

 

 

 

http://www.themalaymailonline.com/
http://www.thestar.com.my/


© C
OPYRIG

HT U
PM

143 

 

Ur-Rehman, H., Masood, Z., Mengal, F., Durrani, S., Ilyas, M., Razzaq, W., Din, N., 

Bano, N., Iqbal, F., Zahid, H., & Nazee, N. (2015). Assessment study on the 

diversity of cyprinid species found in Zebi Dam of Karak district, Khyber 

Pakhtunkwa province of Pakistan. Global Veterinaria, 14(5), 675-678.  

Ur Rahman, M.A., Rehman, Abdul, Chuanqi, X., Xing Long, Z., Binghai, C., Linbao, 

J., & Huawei, S. (2015). Extrusion of feed/feed ingredients and its effect on 

digestibility and performance of poultry: A review. International Journal of 

Current Microbiology and Applied Science 4(4), 48-61.  

Urán, P.A., Gonçalves, A., Taverne-Thiele, J.J., Schrama, J.W., Verreth, J.A.J., & 

Rombout, J.H.W.M. (2008). Soybean meal-induced enteritis in common carp 

(Cyprinus carpio L.) and the gene expression of inflammatory mediators in 

intestinal leukocytes. Fish and Shellfish Immunology, 25(6), 751-760.  

USSEC. (2016). Soybean meal.  Retrieved 14 June 2016, from The U.S Soybean 

Export Council http://www.soyaqua.org 

van Huis, A. (2013). Potential of insects as food and feed in assuring food security. 

Annual Review of Entomology, 58, 563-583.  

van Huis, A. (2015). Edible insects contributing to food security? Agriculture and 

Food Security, 4(20), 2-9.  

van Huis, A. (2016). Edible insects are the future? Proceedings of the Nutrition 

Society, 75(3), 294-305.  

van Huis, A., Itterbeeck, J. V., Klunder, H., Mertens, E., Halloran, A., Muir, G., & 

Vantomme, P. (2013). Edible Insects: Future Prospects for Food and Feed 

Security. Rome: Food and Agriculture Organization of the United Nations. 

Vandenberg, G. W. & De la Noue, J. (2001). Apparent digestibility comparison in 

rainbow trout (Oncorhynchus mykiss) assessed using three methods of faeces 

collection and three digestibility markers. Aquaculture Nutrition, 7(1), 237–

245.  

Vivyakarn, V., Watanabe, T., Aoki, H., Tsuda, H., Sakamoto, H., Okamoto, N., Iso, 

N., Satoh, S., & Takeuchi, T. (1992). Use of soybean meal as a substitute for 

fish meal in a newly developed soft-dry pellet for yellowtail. Nippon Suisan 

Gakkaishi, 58(10), 1991–2000.  

Wang, Q., He, G., Wang, X., Mai, K., Xu, W., & Zho, H. (2014). Dietary sulfur amino 

acid modulations of taurine biosynthesis in juvenile turbot (Psetta maxima). 

Aquaculture, 422 –423, 141–145.  

Wang, X.& Parsons, C.M. (1998). Effect of raw material source, processing systems, 

and processing temperatures on amino acid digestibility of meat and bone 

meals. Poultry Science, 77(6), 834-841.  

Wankowski, J.W.J. (1979). Morphological limitations, prey size selectivity, and 

growth response of juvenile Atlantic salmon, Salmo salar. Journal of Fish 

Biology, 14(1), 80-100.  

Watanabe, T., Vivyakarn, V., Kimura, H., Ogawa, K., Okamoto, N., & Iso, N. (1992). 

Utilization of soybean meal as a protein source in a newly developed soft-dry 

pellet for yellowtail. Nippon Suisan Gakkaishi, 58(9), 1761–1773.  

Webster, C.D.& Lim, C.E. (2002). Nutrient Requirements and Feeding of Finfish for 

Aquaculture. Wallingford: CABI Publishing. 

 

 

 

 

 

http://www.soyaqua.org/


© C
OPYRIG

HT U
PM

144 

 

Webster, C.D., Rawles, S.D., Koch, J.F., Thompson, K.R., Kobayashi, Y., Gannam , 

A.L., Twibell, R.G., & Hyde, N.M. (2016). Bio-Ag reutilization of distiller’s 

dried grains with solubles (DDGS) as a substrate for black soldier fly larvae, 

Hermetia illucens, along with poultry by-product meal and soybean meal, as 

total replacement of fishmeal in diets for Nile tilapia, Oreochromis niloticus. 

Aquaculture Nutrition, 22(5), 976-988.  

Webster, C.D., Thompson, K.R., Morgan, A.M., Grisby, E.J., & Gannam, A. (2000). 

Use of hempseed meal, poultry by-product meal and canola meal in practical 

diets without fishmeal for sunshine bass (Morone chrysops X M. saxatilis). 

Aquaculture, 188(3-4), 299–309.  

Webster, C.D., Yancey, D.H., & Tidwell, J.H. (1992). Effect of partially or totally 

replacing fishmeal with soybean meal on growth of blue catfish (Ictalurus 

furcatus). Aquaculture, 103(2), 141-152.  

Widjastuti, T., Wiradimadja, R., & Rusmana, D. (2014). The effect of substitution of 

fishmeal by black soldier fly (Hermetia illucens) maggot meal in the diet on 

production performance of quail (Coturnix coturnix japonica). Series D. 

Animal Science, LVII, 125-129.  

Wilson, A.P. (1994). Utilization of dietary carbohydrate by fish. Aquaculture, 124(1-

4), 67-80.  

Winfree, R. A.& Stickney, A. R. (1981). Effects of dietary protein and energy on 

growth, feed conversion efficiency and body composition of Tilapia aurea. 

The Journal of Nutrition, 111(6), 1001-1012.  

Wong, Zheng Jie, S., Nicholas, Ian, S., & Hasim, U. (2014). Protein Requirement of 

a Commercially Important Carp Species. (Diploma in Biotechnology. Thesis), 

School of Chemical and Life Sciences, Singapore.    

Wu, G. (2009). Amino acids: metabolism, functions, and nutrition. Amino Acids, 

37(1), 1-17.  

Wu, G. (2013). Amino Acids: Biochemistry and Nutrition. New York: CRC Press. 

Wu, G. , Wu, Z., Dai, Z., Yang, Y., Wang, W.W.  , Liu, C., Wang, B., Wang, J., & 

Yin, Y. (2013). Dietary requirements of “nutritionally nonessential amino 

acids” by animals and humans. Amino Acids, 44(4), 1107-1113.  

Wu, G., Bazer, F.W., Davis, T.A., Kim, S.W., Li, P., Marc Rhoads, J., Carey 

Satterfield, M., Smith, S.B., Spencer, T.E. , & Yin, Y. (2009). Arginine 

metabolism and nutrition in growth, health and disease. Amino Acids, 37(1), 

153-168.  

Wu, G.& Morris, S.M. (1998). Arginine metabolism: nitric oxide and beyond. 

Biochemical Journal, 3361(Pt 1), 1-17.  

Wu, G.& Thompson, J.R. (1989). Methionine transamination and glutamine 

transaminases in skeletal muscle. Biochemical Journal, 262(2), 690–691.  

Yahya, A., Sye, C.P., Ishola, T.A., & Suryanto, H. (2010). Effect of adding palm oil 

mill decanter cake slurry with regular turning operation on the composting 

process and quality of compost from oil palm empty fruit bunches. Bioresource 

Technology, 101(22), 8736-8741.  

Yang, S. D., Liou, C.H., & Liu, F.G. (2002). Effects of dietary protein level on growth 

performance, carcass composition and ammonia excretion in juvenile silver 

perch (Bidyanus bidyanus). Aquaculture, 213(1-4), 363-372.  

Yang, S.D., Lin, T.S, Liou, C.H. , & Peng, H.K. (2003). Influence of dietary protein 

levels on growth performance, carcass composition and liver lipid classes of 

juvenile Spinibarbus hollandi (Oshima). Aquaculture Research, 34(8), 661-

666.  



© C
OPYRIG

HT U
PM

145 

 

Yang, Y., Xie, S., Cui, Y., Zhu, X., Lei, W. , & Yang, Y. (2006). Partial and total 

replacement of fishmeal with poultry by-product meal in diets for gibel carp, 

Carassius auratus gibelio Bloch. Aquaculture Research, 37(1), 40-48.  

Yang, Y.H., Wang, Y. Y, Lu, Y, & Zhang Li, Q. (2011). Effect of replacing fishmeal 

with soybean meal on growth, feed utilization and nitrogen and phosphorus 

excretion on rainbow trout (Oncorhynchus mykiss). Aquaculture International, 

19(3), 405-419.  

Yao, K., Yin, Y.L., Chu, W., Liu, Z., Deng, D., Li, T., Huang, R., Zhang, J., Tan, B, 

Wang, W., & Wu, G. (2008). Dietary arginine supplementation increases 

mTOR signaling activity in skeletal muscle of neonatal pigs. Journal of 

Nutrition, 138(5), 867-872.  

Yesilayer, N., Oz, M., Karsli, Z., Aral, O., Karacuha, A. , & Oz, U. (2011). Growth 

performance and feed utilization of koi carp (Cyprinus carpio l., 1758) fed 

partial or total replacement of fishmeal with hazelnut meal and soybean meal. 

Journal of Animal and Veterinary Advances, 10(15), 1956-1961.  

Yigit, M., Erdem, M., Koshio, S., Ergun, S., Turker, A., & Karaali, B. (2006). 

Substituting fishmeal with poultry by-product meal in diets for Black Sea 

turbot Psetta maeotica. Aquaculture Nutrition, 12(5), 340–347.  

Yildirim, O., Turker, A., Ergun, S., Yigit, M., & Gulssahin, A. (2009). Growth 

performance and feed utilization of Tilapia zillii (Gervais, 1848) fed partial or 

total replacement of fishmeal with poultry by-product meal. African Journal 

of Biotechnology, 8(13), 3092-3096. 

Yones, A.M.M.& Metwalli, A.A. (2015). Effects of fishmeal substitution with poultry 

by-product meal on growth performance, nutrients utilization and blood 

contents of juvenile Nile tilapia (Oreochromis niloticus). Journal of 

Aquaculture and Research Development, 6, 389.  

Yoo, J.H., Takeuchi, T., Tagawa, M., & Seikai, T. (2000). Effect of thyroid hormones 

on the stage-specific pigmentation of the Japanese flounder, Paralichthys 

olivaceus. Zoological Science, 17(8), 1101–1106.  

Yun, H., Park, G., Ok, I., Katya, K., Heung, S., & Bai, S.C. (2015). Evaluation of 

optimum dietary threonine requirement by plasma free threonine and ammonia 

concentrations in surgically modified rainbow trout, Oncorhynchus mykiss. 

Asian-Australasian Journal of Animal Sciences, 28(4), 551-558.  

Zabihi, A., Faramarzi, M., Lashkarbolouki, M., Kiaalvandi, S., & Iranshahi, F. (2011). 

Effects of chicken slaughter wastes on growth and feeding parameters and 

body composition of common carp (Cyprinus carpio). Journal of Research in 

Biology, 1(2), 122-128.  

Zhang, L.X., Liu, J., Li, S.F., Yang, N.S., & Gardiner, P.R. (2003). Agricultural 

Development and the Opportunities for Aquatic Resources in China. Penang: 

WorldFish Center. 

Zhang, Y. (2008). Amino Acid Metabolism and Requirement in Teleost During Their 

Early Life Stages and Implications in Fish Formulated Diets. (Doctor of 

Philosophy. Thesis), The Ohio State University.    

Zhen-Yu, D., Xia Tian, L., Gui-Ying, L., & Yong-Jian, L. (2009). Effect of dietary 

energy to protein ratios on growth performance and feed efficiency of juvenile 

grass carp (Ctenopharyngodon idella). The Open Fish Science Journal, 2(1), 

25-31.  

 

 

 



© C
OPYRIG

HT U
PM

146 

 

Zhou, Q-C, Mai, K-S, Tan, B-P, & Liu, Y-J. (2005). Partial replacement of fishmeal 

by soybean meal in diets for juvenile cobia (Rachycentron canadum). 

Aquaculture Nutrition, 11(3), 175-182.  

Zhou, X.Q., Zhao, C.-R., Jiang, J., Feng, L., & Liu, Y. (2008). Dietary lysine 

requirement of juvenile Jian carp (Cyprinus carpio var. Jian). Aquaculture 

Nutrition, 14(5), 381-386.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Blank Page
	1.pdf
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page




