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Table I. Summary of energy to Erotein (E:P) ratios recommended for warm water marine fish. 

Species Protein GE E:P ratio 
(%) (kcalll00g) 

Asian Seabass . 42 .5 336.5 7.9 Catacutan and Coloso 1995 
Lales calcarifer 

Estuarian grouper 40.0 330.2 8.3 Cited by Boonyaratpalin 1997 
Epinephelus salmoides 

Milkfish 43.0 430.2' 10.0 Coloso et al. 1988 
Chanos chanos 

Rabbitfish 35.0 383.2b 10.9 Parazo 1990 
Siganus gulla/us 

Red drllm 35 406.3 10.2 Daniels and Robinson 1986 
Sciaenops ocellallis 

44 368.1 8.4 

Ye llowtail 52.6 369.0 7.0 Shimeno et al 1980 
Seriola quinqueracliala 

' Calculated using 4.68 , 9.44 and 3.99 kcallg were used for protein, fat and carbohydrate . 
b Calculated using 4 kcal/g for carbohydrates, protein and 9 for lipids. 
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Table 2. Summary of estimated dietary protein requirements for warm water marine fi sh. 

Species Protein source Protein Reference 

As ian sea bass 
Lales calcarifer 

Atlantic croaker 
Alicropogonias 
I.Indl.llalLis 

European sea bass 
Dicenlrarchus labrax 

Florida pompano 
Trachinolus carolinus 

Grouper 
Epinephelus salmoides 

E. Malabaricus 

Gilthead sea bream 
ChrysophlYs aurala 

Milkfish 
Chan as chanos 

Rabbitfi sh 
Sigan lls gullalus 

Red drum 
Sciaenops ocellalus 

Red sea bream 
Pagrus major 

Yellowta il 
Seriola quinqueradiata 

Fish meal, soybean 
meal , Acetes sp, squid 
meal 

F ish meal, soy bean 
meal 

Hearing meal , blood 
meal, yeast, corn gluten 

Fish meal, soybean 
meal 

Tuna muscle meal 

Casei n 

Case in , fi sh protein 
concentrate, AA 

Casein 

Fish meal, casein, 
ge latin 

Fish meal, casein 

Red drum muscle 

Casein 

White fi sh mea l, casein 

Sand ee l, fish meal 

While fish meal, casein 

requirement 
(%) 

42.5 

45 

44 

45 

40-50 

47.8 

40 

40 

35 

44 

40 

55 

52 

55 

50 

Catacutan and Coloso 
1995 

Davis and Arnold 1997 

Ballestrazzi et a!. 1994 

Lazo et a!. 1998 

Teng et a!. 1978 

Chen and Tsai 1994 

Sabaut and Luquet 1973 

Lim et a!. 1979 

Parazo 1990 

Dan iels and Robinson 
1986 

Serrano et a!. 1992 

Yone 1976 

Takeuchi et a!. 1991 

Takeda et a!. 1975 

Takeuchi et a!. 1992c 

Table 3. Amino acid requirements of juvenile warm water marine fi sh. 
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Amino ac id Catfish Milkfish' Asian Gilthead 

Arginine 4.3 5.25 

Hi stidine 1.5 2.0 

Iso leucine 2.6 4.0 

Leucine 3.5 5. I 

Lysine 5.0 4.0 

Methionine ? ' -.~ 2.5 
(cystine) (0.75) 

Phenyla lan ine 5.0 4.22 
(tyrosine) (0.3) (1.0) 

Threonine 2.0 4.5 

Tryptophan 0.5 0.63 

Valine 3.0 3.55 

sea bass sea 
bream) 

3.94 5.0 

4.85 

2.0" 
(0.6) 

5.0 

4.0 

0.6 

I Harding et a!. 1977. Methionine value is in the absence of cyst ine 
'Boonya ratpalin 1997 
3Nationa l Research Council 1993 
"Tiba ldi et a!. 1995; Tibaldi et a!. 1994 
5Tibaldi and Lanari 1991 
6Thebau lt et a!. 1985 
' Brown et a!. 1988; Craig and Gatli n 1992 

Red 
drum 

3.08 

Red sea Ye llow-
bream tail 

2.6" 
(0.3 1) 

' Moon and Gatlin 1991, cystine reported to spare 40 % total sulfur AA requirement on an equal 
mo lar basis. 
· Boren and Gatlin 1995 
10 Forester and Ogata 1998 
" Ruchimal et a!. 1997 
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Table 4 . Generalized trace-mineral premix for fi shl. 

Ingredient 

Cobalt chloride 

Cupric sulfate pemahydrate 

Ferrous sulfate heptahydrate 

Magnesium sulfate heptahydrate 2 

Manganous sulfate monohydrate 

Potassium iodide 

Sodium Selenite 

Zinc sulfate heptahydrate 

Filler 

g/100 g premix 

0.004 

0.250 

4 .000 

28.398 

0.650 

0.067 

0.010 

13.193 

55.128 

I Trace mineral premix at 0.5 % inclus ion will provide (as mg/kg diet): Co, 0.050; Cu, 4.98; Fe, 
40.18; Mg, 140; Mn, 10.57 ; Se, 0.211; I, 2.58; Zn, 150. 

2 Not required in marine fish formulations 
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Table 5. Example of vitamin premix for semi-purified and practical research diets. 

Ingredient 

Thiamin HCI 

Riboflavin 

Pyridoxine Hcl 

Calci urn Pantothenate 

N ico tini c acid 

Biotin 

Fo lic ac id 

Vitamin B" 

Chol ine chloride 

Inosito l 

L-ascorbic ac id polyphosphate (APP)' 

Vitami n A acetate (20,000 IV/g) 

Vitam in DJ (400,000 IUlg) 

Vitamin E acetate (250 lV/g) 

Menadione 

g/kg premix 

0.500 

3.000 

1.000 

15.000 

5.000 

0.050 

0.180 

0.002 

100.000 

5.000 

5.000 

0.100 

8.000 

2.000 

Alpha-ce llulose 865.168 
'Supplemented at 3% of the diet, APP supplemented separate ly at 50-150 mg active vitamin C/Kg 
feed , depending on life stage. 
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Table 6. Suggested levels of vitamins to supplement in extmded or pelleted feeds (mg/kg dry diet). 

Vitamin Table 5 Red drum' Yellowtail' Catfish) 

A 3,000 IV 4400 IV 6.88 2,200 IV 

0-3 1200 IV 2200 IV 1,100 IV 

E 60 55 595 30 

K 60 11 4.4 

Ascorbic acid 50-1503 376 1950 503 

Biotin 1.5 1.34 None 

Cyanocobalamine 0.06 0.09 0.424 0.01 

Choline chloride (70%) 3000 550 5840 None 

Folic acid 5.4 2.2 2.4 2.2 

Inositol 150 846 None 

Nicotinic acid 150 88 96 None 

Pantothenic acid 135 36 71.8 15.0 

Pyridoxine 30 11.0 23.4 5.0 

Riboflavin 90 13.0 22.0 6.0 

Thiamin 13.38 11.0 22.4 2.5 
'Gatlin 1995 
' Shi meno 1991 
' Stabi lized as active C 
'Recomended supplementation for production diets Robinson et al 1998. 
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Table 7. Example of a simple least cost formulation for extrusion processing. 

Restriction g/lOOg diet 

Protein Minimum 44 

Fiber Maximum 7 

Fat Maximum 12 

Calcium Maximum 1.8 

Phosphorus (A v) Minimum 0.6 

Lysine Minimum 2.0 

Methionine Minimum 0.8 

Methionine + cystine Minimum 1.3 

Corn Minimum IS 

Wheat Minimum 2 

Cottonseed meal Maximum 10 

Meat and bone meal Maximum 10 

Fish meal Minimum 10 

Vitamin premix Equal 0.1 

Trace mineral premix Equal 0.1 
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Table 8. Example of a fixed formulations for several marine spec ies. 

Red drum Seabass' Yellow tail' G ilthead 
(Extrus ion seabream3 

processing) 

Fish meal 15.0 70 50.1 6 1.29 

Poultry by-product meal 16.0 

Soy bean meal, 43.0 30.0 20.16 
so lvent extracted 

Marine fish oil 7.14 1. 5 7. 19 

Vegetab le oil , 
~ 

Dextrin 1.36 

Starch 10 4.08 · 

Corn , ye llow 13.11 

Corn starch 10 

Rice bran 12.4 

Mineral premix 0.50 2.0 2.5 0.4 

Vitamin premix 3.00 1.0 3.0 2.0 

Vitam in C 0.1 0 0.10 

KP04 2.00 

Meth ionine-DL 0. 15 

CMC 3.5 0.5 

Attractants 0.5 

Filler 3.02 
, Boonyaratpalin (1997) 
2Shimeno et al (1993 b) 
' Robaina et al (1995) 
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