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ABSTRACT 

The study on the effects of fishmeal replacement by soybean meal in 

 (Clarias nieuhofii ) juveniles was undertaken by feeding the fish 

(average weight of 1.08 ± 0.05 - 1.12 ± 0.07 g) with the test using soybean meal 

replacing fishmeal protein at the levels 0, 15, 30, 45 and 60 % for 14 weeks. The results 

found that the average weight, weight gain and specific growth rate of  the fish fed test 

diets with 15 % soybean meal replacement of fishmeal protein were significantly 

different (p<0.05) from those fed test diet with 60 % soybean meal replacement of 

fishmeal protein. Protein efficiency ratio (PER) of the fish fed  test diets with 15 % and 

30% soybean meal replacement of fishmeal protein were significantly different (p<0.05) 
from the fish fed a diet with 60 % soybean meal replacement of fishmeal protein. The 

apparent net protein utilization (ANPU) in  the fish fed test diets with 15 % soybean meal 

replacement of fishmeal protein was significantly different (p<0.05) from those fed test 

diet with 60 % soybean meal replacement of fishmeal protein.  The digestibility of protein 

in  the fish fed test diets with 15 % soybean meal replacement of fishmeal protein was 

significantly different (p<0.05) from those fed test diet with 60 % soybean meal 

replacement of fishmeal protein. Survival of the fed test diet with 60 % soybean meal 

replacement of fishmeal protein was lowest and different (p<0.05) from others 

treatments. Histology of digestive tract (stomach, liver, and intestine) and kidney in 

Nieuhofii,s catfish did not find any abnormalities in fish fed all experimental diets. 
 

 



(6) 
 

 
 

                 
                     (6) 

                    (9) 
                   (10) 

           (11) 
1.           1 

          1 
         3 
 1.         3 
  1.1     3 
  1.2        4 
  1.3        5 
  1.4        5 
 2.           6 
  2.1  7 

2.2      7 
  2.3        7 

2.4        8 
  2.5        9 
 3.        10 
 4.       10 

 4.1        11 
 4.2 14 

4.3        14 
 5.     21 
 6.         24 

  



(7) 
 

 ( ) 

   
        
 27 

2.        28 
 1.           28 
 2.          28 
 3.          31 
  3.1      31 
  3.2       31 
  3.3       31 
 4.         32 

5.         35 
6.          38 

3.          39 
 3.1        39 

3.2      39 
     3.3  39 
          3.3.1       39 

          3.3.2 ,      43 
     ,  
      

          3.3.3 ,     45 
     , 
      
      

          3.3.4 47 
 3.4       49 

 



(8) 
 

 ( ) 
 

    
4.          57 
5.          64 

          68 
          78 

91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



(9) 
 

 
 

       
1.        15 
2.       16 
3.        34 
4. 35 
5.       42 
     
6. ( / )      44 
     
7. , ,     45 
     
     
8. , ,     47 
     
     
9.     49 
     
 
 
 
 
 
 
 
 
 
 



(10) 
 

 
 

        
1. 88 
2.   90 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(11) 
 

 
 

        
1. 2      8 
2. (1976 - 2003)  12 
3. (1976 - 2003)   12 
4. 1997  2004  13 
5.  2002  2003   14 
6.       42 

 
14  

7.      51 
0 60   

8.     53 
 0 60  
9.     54 

0 60  
10.     55 

 0 60     
11.      56 

 0 60   
 
 
 



1 
 

1 
 

 
 

 
 

2545

2551  2540

  

2538

Kiriratnikom (2007) 

-
 

 

(2552) 4.98±0.04-
5.04±0.04 28, 30, 32, 34, 36, 38, 40 42 10 



 2 

38-42 

38-42 

40  
 

 

Hertrampf and Piedad-Pascaul, 2000  

2550  
Hertrampf and Piedad-Pascaul, 2000

 

(Epinephelus coioides)  
 

 , (Lates calcarifer)
 

(Tantikitti et al., (Cyprinus carpio)  
40  

(Dabrowski and Kozak, 1979 )  
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 (Smith, 1945) 

Kingdom Animalia 

   Phylum Chordata 

    Subphylum Vertebrata 

Class Actinopterygii 

  Order Siluriformes 

   Family Clariidae 

    Genus Clarias 

     Species nieuhofii 
Common Name:  Catfish 

 

Clariidae 

1 2  

1. Prophagorus nieuhofii 1 8.0-

9.3 87-106 69-95  

2. P. cataractus 1 6.5 

67 54  

 (2513)  

1.     

  Prophagorus sp. 

2.      3 
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2.1  1  8.0-9.3  

 87-106   69-95  

   Prophagorus 

nieuhofii   .  .  

2.2  1  6.5  
 54-67   51-54   
 Prophagorus cataractus  .  

 Prophagorus  
 Clarias    

  
   Prophagorus nieuhofii  

 Clarias nieuhofii  Prophagorus cataractus  Clarias 
cataractus (Lim and Ng, 1999; Rainboth, 1996; Teugels, 1986) 

Lim (1994)

 
 

Clarias nieuhofii Lim and Ng, 1999)  

allozyme) locus) phosphoglucomutase, PGM*) 

Clarias 
pseudonieuhofii Guy et al., 2004) 

 

 

  

2545  
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 3  

2538 Smith (1945)

 
 

 

  2538) 

230 3,340 

700 10,435 

2529) 

1 6-8 2 2 

12-14 

30-36 4

2538)  
- luteinizing hormone-relieasing hormone; LH-RH) 

domperidone) - 10 

1 10 1 

6 - 5-15  
1 10 1  

14 2  

 
 

  
(2538) 

73.6  12.3  

1.7  1.2    
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0.652 + 0.04 

 

 
 

 

 
 

80 

Landau, 1992; Van Weed, 1995  

 

  

   

, 2548; , 2550  

 

 

  

 

 

 (Halver and Hardy, 2002) 
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(Nutrients) 

2  

 

(Halver and Hardy, 2002) 

 
Protein  

  

2549  

 
 

  
amino acid

peptide bond carboxyl group

amino group

hydrogen 

bond sulhydryl bond Van der Waals  
,. 2549  1  
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1 2  

: Branden Tooze (1991) 

 
 , 2536) 

(enzyme) 

amylase pepsin lipase  

(transport protein)  
 (hemoglobin) 

(myoglobin) (albumin)  

 (structural protein) 

(keratin) (collagen) 

 

(storage protein)  
(albumin)  

 (protein hormone) 

(growth hormone) insulin  

(thyroid stimulating hormone) 

(protective protein) 

(antibody)

(prothrombin) (fibrinogen) 
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7. (contractile protein)

(microtublue) (flagella) (cilia) 

(actin) (myosin)  

 
 

2549

  

(essential amino acid  EAA)  

 
10  (arginine) 

(histidine)  (isoleucine) leucine)  (lysine) methionine)  
 (phenylalanine) threonine) tryptophan)

valine) , 2536) 
2. (non-essential amino acid NEAA) 

 
9 alanine) glycine) 

cysteine) glutamic acid) aspartic acid) tyrosine) 

serine) proline) hydroxyproline) , 2536) 
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( , 2547) 

 
 

 

 

 ( )  
 

( , 2547) 
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 1 60  2 

55  3  50  
 

   

 

    

 (Lovell, 1998) 

  

El Nino)
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2 1976-2003  

: FAO (2006) 

 

 
 

3 1976-2003  

: FAO (2006) 
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3  
 (Howe, 1996;  

Thompson et al., 1996; Steffens, 1997; Simopoulous et al., 1999; Sargent and Tacon, 

1999; Elvevoll and James, 2000; Lall, 2000; Hasan, 2001) 

  Tacon Forster (

-

5  
 

 
 

4 1997 2004 

: FAO (2006) 
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5  2002-2003 

: FAO (2006) 

 
 

  
 

FAO, 2006  
 

 Soybean Meal  

  

, 2548  

Lim and

Akiyama, 1992
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 (NRC, 1993) 

 

  
 

  

1 2 Hertrampf and Piedad-Pascual, 2000  
 

1  

 

 %) 

 44 

 1 

 6 

 7 

 

: Hertrampf Piedad-Pascual (2000) 
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2  

 

 g/16g N  

 6.94 

 2.64 

 5.01 

 7.54 

 6.28 

 1.38 

 5.03 

 4.92 

 1.18 

 4.72 

 

: Hertrampf Piedad-Pascual (2000) 

 

Chuapoehuk 

 
1.  

2

browning reaction  
  

2. urease
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3. (anti-nutritional factor)  

  (trypsin inhibitor)  (lectin)

 (heat-labile)  (saponin)  (lysinoalanine) 

(tannin)  (phytic acid)  (Liu, 1997) 

   
 

trypsinogen

enterokinase

Halver and Hardy, 2002   
hemaglutinin  

mucosa micro- villi Halver 

and Hardy, 2002  

  
 

Liener, 1980   
urease  Hertrampf and Piedad-Pascual, 2000  

 

 (2548)    42 

  7   8   13 

  7    

-   42  
  3.5   6.5   11 

  6  

-    

44   0.5   7  10 

  6  
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, 2539  

1. ground soybean

  

2. ground soybean hay

 (   42  

  7   8   13   
 7) 

3. soybean hulls  
  

4. soybean meal 

mechanical extracted

 (   42   3.5  

 6.5   11   6) 

5. soybean meal 

solvent extracted

 

  44   0.5   7   
 10   6  

6. 

soybean meal dehulled, solvent extracted

 

(   42   7   8 

  13   7) 
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7. soybean mill feed

 

(   42   7   8  
  13   7) 

8. soybean mill run

 

9. heat processed soybean

  

10. ground extruded whole soybean

Extruder   

 

 2  , 2529)   

1.  

   
  2 

 

  183-302  
  3   

   

(2529) Abel   

 

  

2.  

     (Hexane) 
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  100 

   

  140  
  10   (oil gland) 

 

  113 

 

  

   

  

 208   10   

200   90   100   

10-20    2   

 

  (2529) Abel   (1984)   
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PER ANPU

 40  

 
 

Dabrowski  Kozak (1979) 

 40, 50  60 

 10   38, 28  18

40, 50 60    2   

2   1  2   5  

 3  70   84.8, 72.6, 

 46.6   

 

 

Boonyaratparin  (1998) 

  5  

 1  40    2, 3, 4  5  
 21   27   28.5 

  27.5    37.5  

  15  1  1.26-1.27 
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  3  45   

 2  10    1 

  2  

 1, 2, 3  4   5 

   

  5   

92.77, 94.24, 92.26, 94.40  73.70  37.5 

  15  

     
    3.5  

  

lamina propria

vacuoles  
Alexander 2003

0, 10, 20, 25, 30, 35, 40 

50   (Symphysodon aequifasciata)  
2   

FCR PER

30

30   
 

Deyah Magdy 2003

Oreochromis niloticus
0, 25, 50, 75 100  

2   
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3.7 ± 0.14  16 

75 

100  

 100 

apparent digestibility 

coefficient, ADC 4 

25   
 75 100  

p<0.05  

Mae Gregorial 2004  
(Lutjanus argentimaculatus)  

5 0, 12, 24, 36 48   
 14 

 

48   
Tantikitti 

 

 

 

Ai Xie (2006)  
Southern catfish, Silurus meridionalis

0, 13, 26, 39, 52  65 
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13 

specific dynamic action;  SDA) 

52  65  

26  

 

13   

 
 

 
  

 

 

1. true digestibility

 
endogenous material peptide

epithelial cell

 Lovell, 1988  

2. apparent digestibility

Lovell, 1988  

 
 

direct method  
Lovell, 1988  

 

= - x 100 
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   2. indirect method

indicator or marker  
Lovell, 1988  

 

= 100 - x   x 100 

   

  

Lovell, 1988  

 

De Silva  Anderson  

  external indicator Cr2O3, FeO, SiO2, 

polypropylene Cr2O3

 

  2. internal indicator

(crude fiber) cellulose lignin  
- (hydrolysis-resistant organic matter) 

- hydrolysis-resistant ash) 

(mineral ash)  

  

 

intestinal dissection
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  anal suction glass 

cannula  

  stripping  
 

  collection from water column

 
 

  Spyridakis 

European sea bass, Dicentrachus 
labrax

immediate 

pipatting continuous filtration

decantation
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2 

 

 

 

 
 

1.  
 0.5  

 

 

2.  

2.1 3  

2.2  

 

2.3  

2.4  

2.5 clove oil  

 

3.  

  
2551 2 12  

 

 
 

1.  

1.1 3  

1.2 x 40 x 40 

 

1.3  
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1.4 

submersible pump  

1.5  

 

2.  

2.1 Hobart model A 200 T 

 
2.2 

Satorius® Basic  

2  

2.4  

 

3.  
 

3.1 digestion apparatus

 Gerhardt® Kjeldatherm GB8S distillation apparatus Gerhardt®  

Vapodest 20 digestion tube

 

3.2 FALC®  
Satorius® 

Research 

3.3 crucible hot air 

oven Memmert® desiccator  

3.4  

Satorius® Research crucible desiccator

muffle furnace Gallenkamp® 
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4.  

4.1  

4.2 automatic tissue processor

MTP Tissue Processor SLEE® 

4.3 Rotary Microtome SLEE®

warm barth hot plate  

4.4 Sunyo, 

Program Oven  

4.5 embedding center  

4.6 hot plate  

4.7 ALPHA TECH®  

 

5.  

5.1  
5.2 3.1 

5.3 spectrophotometer  
 

6.  

6.1  

6.2  

6.3  

 

7.  
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1.  

  x 40 x 40 

 

 

2.  

  0.5  
 

2 12  

 2 08 7

 1  
x 40 x 40 15 

2 

 

 

AOAC (1990) 

  

3.  
0  

 
 

-
channel catfish) 
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(Ictalurus punctatus)  

3.5, 8.5 2.5  (Lovell,1998)  

  
AOAC (1985) 

   

AOAC (1985) 

 

 

 

 (CRD, 

Completely Randomized Design) 5 (treatment)  

3 (replication) Duncan,s 

Multiple Range Test (DMRT) (Steel and Torrie, 1980)  95  

4

 

 

AOAC (1990) 1

x 40 x 40  
- -1
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 2  
digestibility coefficient

11 

Cr2O3 0.5   
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3  

 

 

 

(0%) (15%) (30%) (45%) (60%) 

 66.8 56.8 46.8 36.8 26.7 

 - 13.2 26.4 39.7 52.9 

 7 7 7 7 7 

 20.2 16.6 13 8.3 3.7 

 1 1 1 1 1 

 1 1 1 1 1 

 4 2.6 1.1 0.6 0.2 

 - 1.8 3.7 5.6 7.5 

 

(Kcal/ 100 ) 

360.21 362.97 365.77 368.45 369.66 

 

*  1 Thiamine (B1) 10 ; 

Riboflavin (B2) 20 ; Pyridoxine (B12) 2 ; Retinol (A) 4 ; 

Cholecalciferol (D3) 0.4 ; Phylloquinone (K1) 80 ; Folic acid 5 

; Calcium pantothenate 40 ; Inositol 400 ; Niacin 150 

; Tocopherol (E) 60 ; Choline 6,000 ; Ascorbic acid (C) 500 

. 

** 1 Nacl 0.25 ; MgSO4 3.75 

; KH2PO4 8 ; Ca (H2PO4) 5 ; FeSO4 0.72 ; (CH3COO)2 Ca.5H2O 0.88 

; ZnSO4.7H2O 0.088 ; MnSO4.4H2O 0.040 ; CuSO4.5H2O 0.008 ; 

CoCL2.6H2O 0.00025 ; KIO3.6H2O 0.00075  

 vitamin A-Retinol   1,750  

  vitamin D3; cholecalciferol   40,000  

  vitamin E; DL-a-tocopherol 1.1  

***  
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 Hertrampf 

Piedad-Pascual (2000)  

 

 
 

 

(0%) (15%) (30%) (45%) (60%) 

Arg 2.74 2.81 2.88 2.95 3.01 

His 1.03 1.04 1.04 1.05 1.05 

Ile 1.88 1.88 1.88 1.88 1.88 

Leu 3.19 3.19 3.20 3.19 3.19 

Lys 3.24 3.16 3.08 3.00 2.92 

Met+Cys 1.60 1.55 1.50 1.45 1.39 

Phe+Tyr 3.03 3.13 3.24 3.34 3.43 

Tre 1.63 1.63 1.64 1.64 1.64 

Typ 0.41 0.44 0.47 0.50 0.53 

Val 1.99 2.03 2.07 2.10 2.13 

 

 

 

 

  5.1  

   
 

2  

2 

1 1 

Survival Rate Nankervis , 2000  
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Jantrarotai  1994  
% Weight Gain  

 = - × 100  
                                                       

 

% Specific Growth Rate, SGR  

 = ln  ln  × 100 
           
 

Feed Conversion Rate  Dupree 

Sneed 1966  

FCR     =  

                                                               

 

Rate of Feed Intake Yone Fujii 1975  

 

   

                                                                     =                         F × 100 

                             W0 + W1       ×    N0 + N1      × t 

          2                        2 

 

 F  = .    N0 =  

W0 = .    N1 =  

   W1 = .     t   =  

 

Survival Rate, %    = × 100  
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3  

15  

AOAC 1990

3 105 

2

AOAC 1990

 

 

Protein Efficiency Ratio, PER   
Zeitoun 1973  

    =  

                                                   

 

Apparent Net Protein Utilization, ANPU   

Robinson Wilson 1985   

  
    = ( - %  × 100 

        

 

 

  Cr2O3

Indicator 0.5  

10 11 

Boonyaratpalin Phromkunthong (2000) 

siphoning

3 

30 

60
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AOAC (1990) 

Furukawa Tsukahara (1966) De Silva 

Anderson (1995)  

 

Dry Matter Digestibility or Total 

Digestibility  

  = 100- 100[% ]  

                                           [  
 

Nutrient Digestibility  

= 100- 100[% ×% ]  

                                        [% ×% ] 

 

  

  
 

Bouin,s Solution 1

Humason (1972) -
(H & E) 

ALPHA TECH® 

 

 

Analysis of Variance ANOVA CRD (Completely Randomized Design)

Duncan,s Multiple Range Test 

(DMRT)(Steel and Torrie, 1980) 95  
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3 
 

 
 

3.1  

4 42.56
0.26, 18.25  0.15, 11.04  2.19 2.12  0.05 5 
 
3.2  

 
 

 5 
 

 
3.3  
14  

3.3.1  
  5 

14 
6  6  

1.08 ± 0.05-1.12 ± 0.07 
p>0.05

p<0.05 2 14 
2 

 0  30   
1 3 1.91 ± 0.11 1.90 ± 0.02 

60 
5 1.71 ± 0.12 p<0.05

15 45 2 



 40 

4 1.85 ± 0.04 1.85 ± 0.08 
1, 3 5 p>0.05 4 

15, 30 45 
2, 3  4 3.50 ± 0.27, 3.39 ± 0.17 3.37 ± 0.26  

 
60 6 2.92 ± 0.04 

60 
5 p<0.05
0 1 3.15 ± 0.04 

2, 3, 4 5 p>0.05 6 
 15 

2 6.36 ± 0.82 
0 60 1 5  

5.25 ± 0.11 4.89 ± 0.30 p<0.05
30 45 

3 4 5.85 ± 0.08 5.58 ± 0.51 
1, 2 5 p>0.05 8 

 15   
2 10.40 ± 1.65 

60 5 7.43 ± 0.31 
p<0.05  

0, 30 45 1, 3 4
8.49 ± 0.39, 9.17 ± 0.24 8.63 ± 1.08 

2 5 p>0.05 10  
15  

2 13.93 ± 1.18 
60 5 9.64 ± 0.35 
p<0.05  

0, 30 45 1, 3 4
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11.52 ± 1.15, 11.61 ± 0.58 11.14 ± 1.90 
2 5 p>0.05 12 

15  
2 16.92 ± 1.36  

60 5 12.39 
± 0.64 p<0.05

0, 30 45 1, 3 4  
15.13 ± 2.17, 14.14 ± 0.20 13.67 ± 2.49 

2 5 p>0.05 14 
15  

2 19.54 ± 1.57 
60 5 14.94 ± 

0.84 p<0.05
 0, 30 45 1, 3 4  

18.11 ± 2.68, 16.01 ± 0.47 15.74 ± 2.79 
2 5 p>0.05  
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5  
 

 
 

 
  

     
1 (0%) 2.17  0.15 42.81 0.09 18.08  0.23 13.99  0.04 22.95  0.11 
2 (15%) 2.08  0.05 42.79  0.10 18.24  0.21 12.80  0.34 24.08  0.62 
3 (30%) 2.15  0.08 42.72  0.09 18.14  0.35 11.69  0.20 25.30  0.29 
4 (45%) 2.05  0.04 42.52  0.58 18.46  0.63 10.32  0.30 26.65  1.35 
5 (60%) 2.17  0.03 42.26  0.29 18.20  0.60 9.27  0.20 28.10  0.48 

 
: ± 3  

 

 
 

6 
14  



 43 

3.3.2  
 

  

 7 
 15  

2 1651.10 ± 153.10
60 5

1258.10 ± 101.20 p<0.05
0, 30 45 1, 3 4 1558.53 ± 166.21, 

1380.51 ± 114.04 1360.24 ± 275.14
15 60 2 

5 p>0.05  
  

15 2 3.41 ± 0.10 
 

60 5 3.10 ± 0.09 
p<0.05

0, 30 45 1, 3 4 3.34 ± 0.12, 3.21 ± 0.09 3.18 ± 0.21 

15 60 2 5 p>0.05  

15 2 2.02 ± 0.19 

60 5 2.81 ± 0.22 p<0.05
0, 30 45 

1, 3 4 2.39 ± 0.39, 2.34 ± 0.11 2.55 ± 0.42 
 

15 60 2 5 p>0.05  
 



 44 

 
 



 45 

  
 0, 15, 30 45 1, 2, 3 4 93.33 ± 

0.00, 91.11 ± 3.85, 96.67 ± 4.71 88.89 ± 3.85 
p>0.05

 60 5 75.56 ± 7.70 
p<0.05  
 

7 
 

 
 

 
 

 (SGR)  
 

 
( /   

1 (0%  1558.53 ± 166.21ab 3.34 ± 0.12ab 2.39 ± 0.31ab 93.33 ± 0.00b 

2 (15%  1651.10 ± 153.10b 3.41 ± 0.10b 2.02 ± 0.19a 91.11 ± 3.85b 
3 (30%) 1380.51 ± 114.04ab 3.21 ± 0.09ab 2.34 ± 0.11ab 96.67 ± 4.71b 
4 (45%) 1360.24 ± 275.14ab 3.18 ± 0.21ab 2.55 ± 0.42ab 88.89 ± 3.85b 
5 (60%) 1258.10 ± 101.20a 3.10 ± 0.09a 2.81 ± 0.22b 75.56 ± 7.70a 

 

: ±  3  

95  
 

3.3.3  
 

  
 

5  
0, 15 30 

1, 2 3 1.38 ± 0.20, 1.17 ± 0.14 1.34 ± 0.11 
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60 5 1.92 ± 0.25 p<0.05
45  

1.55 ± 0.23  4  
 0, 15, 30 60 1, 2, 3 

5  p>0.05  
   

15 30 2 3  
2.05 ± 0.25 1.79 ± 0.15  

60 
5 1.27 ± 0.16 p<0.05

0 45 1 4 1.76 ± 
0.2.7 1.59 ± 0.32 

15 30 2, 3 5
p>0.05  

 
15 2 29.96 ± 3.79 

60 5  17.18 ± 2.14 
p<0.05

0, 30 45 1, 3 4 22.11 ± 3.29, 
25.43 ± 0.26 22.73 ± 6.57 

15 60 
2 5 p>0.05  

 15 2 70.95 ± 0.87 

 0, 45 60 1, 4 
5 68.17 ± 0.43, 68.28 ± 0.91 65.77 ± 0.67 p<0.05

 30 
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3 69.53 ± 0.34 
 0, 15 45  

1, 2 4 p>0.05
 60 5

0, 15, 30 45 
1, 2, 3 4  

 
8 
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4 p<0.05
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0, 15, 30, 45 60 1, 2, 3, 4 
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3 (30%) 73.09 ± 1.26ab 56.30 ± 3.62ns 30.53 ± 4.55ns 9.35 ± 0.27ns 1.04 ± 0.47ns 
4 (45%) 72.09 ± 0.82a 54.30 ± 2.68ns 28.63 ± 1.85ns 9.38 ± 0.29ns 2.13 ± 1.22ns 
5 (60%) 72.95 ± 0.48ab 54.73 ± 1.88ns 28.48 ± 1.26ns 9.37 ± 0.36ns 2.01 ± 0.67ns 

 
: ±  3  
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20  , 2552)  

 32 Refstie et al. 2000; 



 58 

Heikkenen et al. 2006; Kaushik et al. 1995  

45  

Atlantic cod; 

Gadus morhua Atlantic salmon; Salmo salar)
cuneate drum; Nibea miichthioides  (gilthead sea bream; Sparus aurata)

Sharpsnout seabream; Diplodus puntazzo)  
pacu; Piaractus mesopotamicus)  

cobia; Rachycentron canadum) Australian 

snapper, Pagrus auratus tin foil barb; Barbodes 
altus) Lim and Akiyama, 1992, Førde-Skjærvik et al. 2006; Refstie et al. 2000; 

Storebakken et al. et al. 1998; Whang et al. 2006; Venou et al. 2006; Henandez et al.
2007; Heikkenen et al. 2006; Tibaldi et al. 2006; Ostaszewska et al. 2005; Chou et al.
2004; Quartararo et al. 1998; Kaushik et al. 1995 Elagovan and Shim, 2000

 

omnivorous  

20-90 yellow tail; 

Seriola quinqueradiata red drum; Sciaenops ocellatus
Shimeo et al. 1993; McGoogan and Gatlin III, 1997; 

Boonyaratpalin et al. 1998 Quantararo et al. 1998 

Fournier 2004 Tantikitti 2005

turbot; Psetta maxima
10 

carnivorous  

herbivorous



 59 

0 45  
 

Lim and Akiyama, 1992; 

Refstie et al. 2000; Førde-Skjærvik et al. 2006; Storebakken et al. 1998;  Whang et al.
2006; Venou et al. 2006; Henandez et al. 2007; Heikkenen et al. 2006; Tibaldi et al.
2006; Ostaszewska et al. 2005; Chou et al. 2004; Quartararo et al. 1998; Kaushik  

et al. 1995 Elagovan and Shim, 2000  
 

El- Dahhar and Lovell, 

1995

Halver, 1989; De Silva and Anderson, 1995

Xie and Jokumsen, 1997 Johanes et al. 2003  
0 25 

 25 

Adebayor  (2004)  
15 

 
30 45 



 60 

72 Belal and Assem, 1995  
45 

 

 
60 

0, 15, 30 

45 Yueming (1992); Rumsey 1993; 

1994 ; Stickney  (1996) Deyab Magdy (2003) 

palatability

acceptability

imbalance essential amino acid profiles

Watanabe and

Pongmaneerat, 1993

 
 
 

Shiau et al.  1989; Sadiku and Jauncey, 1995a; 1995b  
 

65.77 ± 0.67 70.95 ± 0.87

15 

Shiau et al. 1987;  

De Silva et al. 1991; Shaiu and Liang, 1994 Chou et al. 2004  
Kim et al. 2007 Venou et al. 2006  

Lim et al. 2004 Webster et al. 1992



 61 

Degani and Revach, 

1991 2544

 Serna 1996

63.17 95.78 

Phromkunthong 2002

 10 

Kim 1998

Francis et al.
2001

raffinose stachyose

delaying gut 

evaluation Yueming, 1992   

 El- Sayed (1992) oil 

seed plant

sulfur

 



 62 

Tacon, 1993

Shiau et al.  1989; Sadiku and Jauncey, 1995a,b

15 45 

Halver and Hardy, 2002  
Peres 2003 Wilson Poe (1985) 

Andrews and Page, 1974) 

Webster 

(1995) 

 

 

 
Chinabut 

et al.  1991; 2536    

       (Liu, 1997)  
Liener, 

1980 Boonyaratparin  

(1998)

 



 63 

Tacon (1993

 
 (Peres et al.

2003  



64 
 

5 
 

 
  

 
1. 0  45 

 

 
2. 0 

45 

60 
 

3. 
15 30 

0 45  
60  

4. 
0, 15, 30, 45 60 

0 
15, 30, 45 60  

5. 

 
 



 65 

 
 

1. 

warm water fish NRC, 1993

 
2. 

 
3. 

 45 

1.08 ± 0.05 1.12 ± 0.07

15 30  

 
 

 



66 
 

 
 

. 2548. 15: 12-19. 

: 

 

2549. 

. 
2547.  

 

. 2538. . 

 - . 

 

:  

2544. 

Oreochromis niloticus Linn.)

 
. 2552. 

 (Clarias nieuhofii Valenciennes, 

1840) .  
35. 15-17  

: 

:  
  2551.  

27-29 2551.  76. 

2548. :  



67 
 

2550.  

15: 4-41. 

 . 2552. 

 (Pangasius bocourti).  
 3:15-23. 

2536. :  
2538.  

2538 

 

2545. 

 Prophagorus nieuhofii (Cuv. & Val., 1840) . 

.  

2536. 

,  

  2551.  

27- 29 2551 45. 

2539.  

  
 

. 2540. 

. . .  

. 2548.    

  . . 2525 

.    

     

 . . 2545.  175.  



68 
 

,   

  

http:// www.nicaonline.con ( ). 

2529. 

2527- 2530. 

38-46. 
  . 2529. .   2. 

 . . . . 

 71-76.  

Abel, H.K., Becker, K., Meske, C.H.R. and Friedrich, W., 1984. Possibilities of using 

heat-treated full- fat soybeans in carp feeding. Aquaculture 42. 97-108. 

Adebayor, O.T., Fabenro, O.A. and Jegede, T. 2004. Evaluation of cassia fistula meal as 

a replacement for soybean meal in practical diets of Oreochromis niloticus 

fingerling. Aquacult. Nutr. 10: 99-104. 

Ai, Q. and Xie, X. 2006. Effects of dietary soybean protein levels on metabolic response 

of the southern catfish, Silurus meridionalis. Aquaculture. 144: 41-47. 

Alexander, C., Roshada, H. and Ahyaudin, B. A. 2003. Assessment of soybean meal in 

diets for discus (Symphysodon aequifasciata HECKEL) farming through a fish 

meal replacement  study. Aqaucult. Res. 34: 913-922. 

Andrews, J.W., Page, J.W., 1974. Growth factors in the fish meal component of catfish 

diets. J. Nutr. 104, 1091-1096. 

AOAC (Association of Official Analytical Chemists) 1985. Official Mathods of Analysis. 

Washington, DC: AOAC. 

AOAC (Association of Official Analytical Chemists). 1990. Official Methods of Analysis. 

Washington, DC: AOAC.  

Bancroft, J.D. 1967. Histochemical Techniques. London: Butterworths. 

Branden, C. and Tooze, J. (1991). Introduction to Protein Structure. New York:Garland 

Pub. 



69 
 

Belal, I.E.H. and Assem, H. 1995. Subtibility of soybean meal and oil for fish meal in 

pratical diets fed to channel catfish, Ictalurus punctatus (Rafinesque): effect on 

body composition. Aqaucult. Res. 26: 141-145. 

Boonyaratpalin, M. and Phromkunthong, W. 2000. Effect of Ronozyme treated rice bran 

and oil palm meal on growth of sex reversed Tilapia niloticus. The sixth Roche 

Aquaculture Conference Asia Pacific (ed. B. Hunter) Bangkok, Thailand, 

September 29, 2000. pp. 50-63. 
Boonyaratpalin, M., Suraneiranat, P. and Tunpibal, T. 1998. Replacement of fish meal 

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

calcarifer. Aquaculture. 161: 67-78. 

Chinabut, S., Limsuwan, C. and Kitsawat, P. 1991. Histology of the walking catfish, 

Clarias batrachus. The Aquatic Animal Health Research Institue. Department of 

Fisheries. 

Chou, R.L., Her, B.Y., Su, M.S., Hwang, G., Wu, Y.H. and Chen, H.Y. 2004. Substituting 

fish meal with soybean meal in diets of juvenile cobia Rachycentron canadum. 

Aquaculture. 229: 325-333 

Chuapoehuk, W., Piadang, S. and Tinnungwattana, W. 1997. Pond feeding of Nile 

tilapia, Oreochromis niloticus (Linn.) with irradiated activated sludge from the 

beer industry. Thai J. Agric. Sci., 30:  389-397. 

Dabrowski,  K. and Kosak. B. 1979. The use of fish meal and soybean meal as a protein 

sourec in the diet of grass carp fry. Aquaculture. 18: 107. 

Degani, G. And Revach, A. 1991. Digestive capabilities of tree commensal fish species: 

carp, Cyprinus capio L., Oreochromis niloticus x O. Aureus, and African 

catfish, Clarias garienpinus (Burchell 1882). Aquacult. Fish. Manage. 22:  

397-403. 

De Silva, S. S and Anderson, T.A. 1995. Fish Nutrition in Aquaculture. London:  

Chapman and Hall.  



70 
 

De Silva, S.S., Gunasekera, R.M. and Smith, K.F. 1991. Interaction of varying dietary 

protein and lipid level in young red tilapia: evidence of protein sparing. 

Aquaculture. 95: 305-318. 

Deyab, M.S. and Magdy, M. A. 2003. Replacement of fish meal with a mixture of 

different plant protein sources in juvenile Nile tilapia, Oreocromis niloticus (L.) 

diets. Aqaucult. Res 34: 1119-1127. 

Dupree, H.K. and Sneed, K.P. 1966. Response of channel catfish fingerling to different 

levels of nutrients in purified diets. U.S. Bureau of Sport Fish and Wildlifte Tech. 

Pap. No. 9. 

Elangovan, A. and Shim, K.F. 2000. The influence of replacing fish meal partially in the 

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

(Barbodes altus). Aquaculture. 189: 133-144. 

El- Dahhar, A.A. and Lovell, R.T. 1995. Effect of essential amino acid (methionine and 

lysine) and treat oil in fish diet on growth performance and feed utilization of 

Nile tilapia Oreochromis mosambicuss. Aquacult. Fish. Manage. 24: 713-739. 

Elvevoll, E.O. and James, D.G. 2000. Potential benefits of fish for maternal, foetal, and 

neonatal nutrition: a review of the literature. Food, Nutr. Agricult., 27: 20. 

El- Sayed, A.F.M. 1999. Alternative dietary protein sources for farm tilapia, Oreochromis 

spp. Aquaculture. 179: 149-168. 

FAO. Food and Agriculture Organization . 2006. Use of Fishery Resources as Feed 

Inputs to Aquaculture Development: Trends and Policy Implications. database. 

Available at URL : http://www.fao.org/fishery/statistics/software/fishstat/en  

(1 October 2009). 

Forde-Skjaervik, O., Refstie, S., Aslaksen , M.A. and Skrede, A. 2006. Digestibility of 

diets containing different soybean meals in Atlantic cod (Gadus morhua); 

comparison of collection methods and mapping of digestibility in different 

sections of the gastrointestinal tract. Aquaculture. 261: 241-258. 



71 
 

Francis, G., Makkar, H.P.S. and Becker, K. 2001. Antinutritional factors present in plant-

derived alternate fish feed ingredients and their effects in fish. Aquaculture 

199: 197-217. 

Furukawa, A. and Tsukahara, H. 1966. On the acid digestion method for the 

determination of chromic oxides as an index substance in the study of 

digestibility of fish feed. Bull. Jap. Soc. Sci. Fish. 30: 502-506. 

Guy, S., Teugels, G. and Pouyaud, L. 2004. Description of a New Clariid Catfish, Clarias 

pseudonieuhofii from West Borneo (Siluriformes: Clariidae). J. Zool. Stud. 43:  

8-19. 

Halver, J. E. and Hardy, R. W. 2002. Fish Nutrition. New York: Academic Press. 

Hasan, M.R. 2001. Nutrition and feeding for sustainable aquaculture development in the 

third millennium. In: R.P. Subasinghe, P. Bueno, M.J. Phillips, C. Hough, S.E. 

McGladdery and J.R. Arthur, (eds.) Aquaculture in the third millennium. 

Technical Proceedings of the Conference on Aquaculture in the Third 

Millennium, Bangkok, Thailand, 20-25 February 2000, Bangkok, NACA and 

Rome, FAO. pp. 193 219. 

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

Paldanius, D. and Wright, 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: 259-268. 

Hertrampf, J.W. and Piedad- Pascual, F. 2000. Handbook on Ingredients for 

Aquaculture Feeds. London: Kluwer Academic Publishers. 573 p. 

Hernández, M.D., Martínez, F.J., Jover, M. and García García. B. 2007. Effects of partial 

replacement of fish meal by soybean meal in sharpsnout seabream (Diplodus 

puntazzo) diet. Aquaculture. 263: 159-167. 

Howe, P. 1996. Making pork healthier. Pig Ind. News, pp. 6 10. 

Humason, G. 1972. Animal Tissue Technique, (4th edition) San Francisco: W.H. Freeman 

and Company. 661 p. 



72 
 

Jantrarotai, W., Sitasit, P. and Rajchapakdee, S. 1994. The optimum carbohydrate to 

lipid ratio in hybrid catfish (Clarias macrocephalus X C. gariepinus) diets 

containing raw broken rice. Aquaculture. 127: 61-68. 

Johannes, O., Andrers, A., Britt, H. and Tan, H.P. 2003. Efficiency of feed utilization in 

Atlantic salmon (Salmo salar) fed diets with increasing substilution of fishmeal 

with vegetable protein. Aquaculture. 221: 365-379. 

Kaushik, S.J., Cravedi, J.P., Lalles, J.P., Sumpter, J. Fauconneau, B. and Laroche, M. 

1995. Partial or total replacement of fish meal by soybean protein on growth, 

protein utilization, potential estrogenic or antigenic effects, cholesterolemia and 

flesh quality in rainbow trout, Oncorhynchus mykiss. Aquaculture. 133:  

257-274. 

Kim, D.S., Noh, C.H., Jung, S.W. and Jo, J.Y. (1998). Effect of Obosan supplemented 

diet on growth, feed conversion ratio and body composition of nile tilapia 

Oreochromis niloticus. J. Aquacult. Trop.  11: 83-90. 

Kim, J.D., Tibbetts, S.M., Milley, J.E. and Lall, S.P. 2007. Effect of the incorporation level 

of dehulled soybean meal into test diet on apparent digestibility coefficients for 

protein and energy by juvenile haddock, Melanogrammus aeglefinus L. 

Aquaculture. 267: 308-314. 

Kiriratnikom, S., Ruangklay, K., Choksawatdikorn, P., Anuchat, P. And Kiriratnikom, A. 

2007. Effect fo various form of diet on growth performance and survival of 

ae (Clarias nieuhofii). 33th Congress on Science and 

Technology of Thailand, 18-20 October 2007 Walailak Univesity, Nakorn si 

Thamarat, Thailand. 

Lall, S. 2000. Role of nutrition in fish health. Int. Aquafeed. 2: 10-14. 

Landau, M. 1992. Introduction to Aquaculture. New York: John Wiley & Sons, Inc. 

Liener, I.E.1980. Factors affecting the nutritional quality of soya products. J. Am. Oil. 

Chem. Soc. 58: 406-415. 

Lim, K. K. P. 1994. The inland fishes of Pulau Tioman, Pahang, Peninsular Malaysia: 

Pangolin. 6: 6-15. 



73 
 

Lim, C. and Akiyama, D.M. 1992. Full- fat soybean meal utilization by fish. Asian Fisheries 

Science. 5: 181-197. 

Lim, S.R., Choia, S.M., Wang, X.J., Kim, K.W., Shin, I.S., Min, T.S. and Bai, S.C. 2004. 

Effects of dehulled soybean meal as a fish meal replacer in diets for fingerling 

and growing Korean rockfish Sebastes schlegeli. Aquaculture. 231: 457-468. 

Lim, K. K. P. and Ng, H. H. 1999. Clarzas batu, A new species of catfish (Teleostei: 

Clariidae) from Pulau Tioman, Peninsular Malaysia. Raff. Bull. Zoo. 6: 157-167. 

Liu, K.S. 1997. Soybean chemistry, technology and utilization. New York: Chapman and 

Hall.  

Lovell, T. 1998. Nutrition and Feeding of Fish. New York: Van Nostrand Reinhold. 

Mae, R. C. and Gregorial, E. P. 2004. Partial replacement of fish meal by defatted 

soybean meal in formulated diets for the mangrove red snapper, Lujanus 

argentimusculatus (Forsskal 1775). Aqaucult Res. 35: 299-306. 

McGoogan, B. and Gatlin III., M.D. 1997. Effect of replacing fish meal with soybean meal 

in diets for red drum Sciaenops ocellatus and potential for palatability 

enhancement. J. World.  Aqua. Soc. 28: 374-385. 

Nankervis, L., Matthews, S.J. and Appleford, P. 2000. Effect of dietary non- protein 

energy source on growth, nutrient and circulating insulin- like growth factor and 

triiodothyronine levels in juvenile barramundi, Lates calcarifer. Aquaculture. 

191: 323-335. 

National Research Council (NRC), 1993. Nutrient Requirements of Fish.   

Ostaszewska, T., Dabrowski, K., Palacios, M.E., Olejniczak, M. and Wieczorek, M. 2005. 

Growth and morphological changes in the digestive tract of rainbow trout 

(Oncorhynchus mykiss) and pacu (Piaractus mesopotamicus) due to casein 

replacement with soybean proteins. Aquaculture. 245: 273-286. 

Peres, H., Lim, C. and Klesius, P. K. 2003. Nutrional value of heat- treated soybean meal 

for Channel catfish (Ictalurus punctatus). Aquaculture. 225: 67-82. 

 



74 
 

Phromkunthong, W., Vongyai, S., Nakachat, D. Chittiwan, V., Jangsutthivorawat, W. and 

Hunter, B. 2002. Digestibility uplifts of palm kernel cake and soybean meal 

confined by Ronozyme VP in Sex- Reversed Black Tilapia (Oreochromis 

niloticus) The Eight Roche Aquaculture Conference Asia Pacific. Bangkok, 

Thailand, November 28, 2002. pp. 20-55. 
Quartararo, N., Allan, G.L. and Bell, J.D. 1998. Replacement of fish meal in diets for 

Australian snapper, Pagrus auratus. Aquaculture. 166: 279-295. 

Rainboth, J.R. 1996. FAO Species Identification Field Guide for Fishery Purposes Fishes 

of the Cambodian Mekong. Food and Agriculture Organization of the United 

Nations (FAO), Rome. 265 pp.  

 Refstie, S., Korsøen, O.J., Storebakken, T., Baeverfjord, G., Lein, I. andRoem, A.J. 

2000. Differing nutritional responses to dietary soybean meal in rainbow trout 

(Oncorhynchus mykiss) and Atlantic salmon (Salmo salar). Aquaculture.  

19: 49-63. 

Robinson, E.H. and Wilson, R.P. 1985. Nutrition and feeding. In Channel Catfish Culture. 

(ed. C.S. Tucker) Development in Aquaculture and Fisheries Science, 15, 

Amsterdam: Elsevier. pp. 323-404. 

Rumsey, G.L., Hughes, S.G. and Winfree, R.A. 1993. Chemical and nutritional evaluation 

of soya protein preparations as primary nitrogen sources for rainbow trout 

(Oncorhynchus mykiss). Anim. Feed. Sci. Technol. 40: 135-151. 

Rumsey, G.L., Siwicki, A.K., Anderson, D.P. and Bowser, P.R. 1994. Effect of soybean 

protein on serogicals response, non- specific defense mechanism, growth and 

protein utilization in rainbow trout. Vet. Immunol. Immunopathol. 41: 323-339. 

Sadiku, S.O.A. and Jauncey, K. 1995a. Soybean flour- poultry meat meal blends as 

dietary proteinsources in pratical diets of Oreochromis niloticus and Clarias 

garienpinus. Asian fish. Sci. 8: 159-168. 

Sadiku, S.O.A. and Jauncey, K. 1995b. Digestibility apparent amino acid availability and 

weste generation potential of soybean flour: poultry meal blend based diets for 

tilapia Oreochromis niloticus (L.) fingering. Aqaucult. Res. 26: 651-655. 



75 
 

Sargent, J.R. and Tacon, A.G.J. 1999. Development of farmed fish: a nutritionally 

necessary alternative to meat. Proc. Br. Nutr. Soc. 58: 377-383. 

Serna, M.R., Novoa, M.A.O. and Osalde, C.C. 1996. Nutritional value of animal by-

product meal in pratical diets for Nile tilapia Oreochromis niloticus fry.  

Aqaucult. Res. 27: 67-73. 

Shiau, S.Y., Chuang, J.L. and Sun, C.L. 1987. Inclusion of soybean meal in tilapia, 

(Oreochromis niloticus x O. aureus) diets at two protein level. Aquaculture. 65: 

251-261. 

Shiau, S.Y., Kwoc, C.C., Hwang, J.Y., Chen, C.M. and Lee, S.L. 1989. Replacement of 

fish meal with soybean meal in male tilapia (Oreochromis niloticus x O. aureus) 

fingerling diets at a suboptimal level. J. World Aqua. Soc. 20: 230-235. 

Shiau, S.Y., and Liang, H.S. 1994. Nutrient digestibility and growth of hybrid tilapia, 

Oreochromis niloticus x O. aureus, as influenced by agar supplementation at 

two dietary protein level. Aquaculture. 127: 41-48. 

Shimeo, S., Kumon, M., Ando, H. and Ukawa, M. 1993. The growth performance and 

body composition of young yellowtail fed with diets containing defatted 

soybean meal for long period. Bull. of Japan. Soc. of Sci. Fish. 59: 821-825. 

Simopoulous, A.P., Leaf, A. & Salem, N. 1999. Essentiality of and recommended dietary 

intakes for omega-6 and omega-3 fatty acids. Ann. Nutr. Metabol. 43: 127-130. 

Smith, H.M. 1945. The fresh-water fishes of Siam, or Thailand. United State Government 

Washington, DC: Printing Officer. 
Spyridakis, P., Metailler, R., Gabaudan, J. and Riaza, A. 1989. Studies on nutrient 

digestibility in European sea bass (Dicentrarchus labrax). Aquaculture. 77:  

61-70. 

Steel, R.G.D. and Torrie, J.H. 1980. Principles of Warmwater Aquaculture. New York: 

John Wiley and Sons. 
Steffens, W. 1997. Effects of variation in essential fatty acids in fish feeds on nutritive 

value of freshwater fish for humans. Aquaculture. 151: 97-119. 



76 
 

Storebakken, T., Kvien, I.S., Shearer, K.D., Grisdale-Helland, B., Helland, S.J. and 

Berge, G.M. 1998. The apparent digestibility of diets containing fish meal, 

soybean meal or bacterial meal fed to Atlantic salmon (Salmo salar) evaluation 

of different faecal collection methods. Aquaculture. 169: 195-210. 

Tacon, A.G.J. 1993. Feed ingredients for warm water fish: Fish meal and other 

processed feedstuffs. FAO Fisheries Circular No. 856, FAO, Rome. 64 p. 

Tacon, A.G.J. and Forster, I.P. 2001. Global trends and challenges to aquaculture and 

aquafeed development in the new millennium. In International aquafeed-

directory and buyers' guide 2001. Middlesex, UK, Turret Rai Uxbridge. pp. 4-

25. 

Tantikitti, C., Sangpong, W. and Chiavareesajja, S. 2005. Effect of defatted soybean 

protein level on growth performance and nitrogen and phosphorus excretion in 

Asian sea bass (Lates calcarifer). Aquaculture. 248: 41-50. 

Teugels, G.G. 1986. A systematic revision of the African species of the genus Clarias 

(Pisces : Clariidae). Ann. Mus. Roy. Afr. Centr., Sci. Zool. 247: 1-199. 

Thompson, K.D., Tatner, M.F. and Henderson, R.J. 1996. Effects of dietary (n-3) and (n-

6) polyunsaturated fatty acid ratio on the immune response of Atlantic salmon, 

Salmo salar. Aquacult. Nutr. 2: 21-31. 

Tibaldi, E., Hakim, Y., Uni, Z., Tulli, F., Francesco, M.D., Luzzana, U. and Harpaz, H. 

2006. Effects of the partial substitution of dietary fish meal by differently 

processed soybean meals on growth performance, nutrient digestibility and 

activity of intestinal brush border enzymesin the European sea bass 

(Dicentrarchus labrax). Aquaculture. 261: 182-193. 

Van Weed, J. H. 1995. Nutrition and growth in Clarias species - a review. Aquat Living  

Resour. 8: 395-401 

Venou, B., Alexis, M.N., Fountoulaki, E. and Haralabous, J. 2006. Effects of extrusion 

and inclusion level of soybean meal on diet digestibility, performance and 

nutrient utilization of gilthead sea bream (Sparus aurata). Aquaculture. 261:  

343-356. 



77 
 

Wang, Y., Kong, L.J., Li, C. And Bureau, D.P. 2006. Effect of replacing fish meal with 

soybean meal on growth, feed utilization and carcass composition of cuneate 

drum (Nibea miichthioides). Aquaculture. 261: 1307-1313. 

Watanabe, T. and Pongmaneerat, J. 1993. Potential of soybean meal as a protein 

souces in extruded pellets for rainbow trout. Nippon suisan Gakkaishi. 59:  

1415-1423. 

Webster, C. D., J. H. Tidwell, L. S. Tiu, and D. H. Yancey.1995. Use of soybean meal as 

partial or total substitute of fish meal in diets for blue catfish (Ictalurus furcatus). 

Aquat Living  Resour. 8:379-384. 

Webster, C.D., Yancey, D.H. and Tidwell, J.H. 1992. Effect of partially or totally replacing 

fish meal with soybean meal on growth of blue catfish (Ictalurus furcatus). . 

Aquaculture. 103: 141-152. 

Wilson, R.P. and W.E. Poe, 1985. Apparent digestible protein and energy coefficients of 

common feed ingredients for channel catfish. Progressive Fish-Culturist.  

47: 154-158. 

Xie, S. and Jokumen, A. 1997. Replacement of fish meal by potato protein concentrate 

in diets for rainbow trout, Oncorhynchus mykiss (Walbaum): Growth, Feed 

utilization and bodyncomposition. Aquacult. Nutr. 3: 65-69. 

Yueming, D.L. 1992. The use of soy bean protein in aqua feed. Netherlands: ADM 

Specially Ingredients Division Staionsstraat.  

Yone, Y. and Fujii, M. 1975. Studies on nutrition of red seabream-XI: Effect of w3 fatty 

acid supplement in a corn oil diet on growth rate and feed efficiency. Bull. Jap. 

Soc. Sci. Fish. 41: 73-77. 

Zeitoun, I.H., Jack, P.I., Halver, J.E. and Ullrey, D.E. 1973. Influence of salinity on protein 

requirement of rainbow trout (Oncorhynchus mykiss) fingerling. J. Fish. Res. 

Board Can. 30: 1867-1873. 
 



78 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



79 
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1.1 AOAC, 1990) 
 

 

  1. porcelain crucible  
  2. electric oven  
  3. desiccators  
  4. 4  

 

 

  1. 105 2-3 

 
  2. 1 

1- 3  
  3.  1-2 

 
  4. 105 5-6  
  5.  
  6. 30  

1-3  
  7.  
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 (%) =  (a-b) x 100  
      w 
  
  a =  
   b =  
   w =  

 
  1.2  AOAC, 1990) 
 
   

  1. muffle fumace  
  2. porcelain crucible  
  3. desiccators  
  4. 4  
 

 

  1. 600 
3 30-45 

 
  2. 30 1  

1-3  
  3. 3 

 
600 1-2 
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  %  = (b-a) x 100 
        w 
 

  a =  
 b =  

 
   w =  

 

1.3  AOAC, 1990) 
 

 

  1.  
  2.  
  3. Kjeltech  
  4. erlenmeyer flask  
  5. 4  

 

 

 1. sulfuric acid , H2SO4 93-98  
  2. catalyst mixture copper 
sulfate, CuSO4 7 potassium sulfate, K2SO4 100 

 
  3. sodium hydroxide, NaOH 45 

450 1  
  4. Hydrochloric acid, HCl 0.1 

9 1  
  5. boric acid, H3BO3 4  

100  
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  6. mixed indicator 0.2 
95 100 1  

 
  7. sodium carbonate, Na2CO3 0.1 

260-270  30  
1.325 250  

  8. methyl orange indicator
0.1 100  

 

 

 

  . digestion  

  1. 
0.5-1 10-15 

 
  2. 3  
  3. 10  
  4. 

 
15  

  5. 375 90-120 

 
  6.  
  

.  distillation  

  1. 50  
  2. 

 40 
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  3. 2-3  
  4. 

10  
   

. titration  

  1. 
 

  2.  
  

 
 =  1.4 x (V1  V2) x N x 6.25 

           W 
 

 V1 =  
  V2 =  
  N  =  
 W =  

 
 

   40 250 
20 2-3 
 0.1  

 
N1V1 = N2V2 = x 100 
                     x 52.994  
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  1.4 AOAC, 1990) 
 

 

  1. desiccators  
  2. electric oven  
  3. 4  
  4.   FALC® 
  5.  thimble  
  6.  
  7. (evaporation) 
 

 

  petroleum ether   
 

 

  1. 100 
 

  2. W1  
  3.  
  4.  1-2 W2

 
  5.  
  6. 
160 18  
  7. 18  

8.  
 

  9. 100 
W3  
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= w3  w1 x 100 
          w2 

 
 w1 =  

   w2 =  
   w3 =  

 

 

2. Furukawa Tsukahara, 

1966  
 

 

1.  
2.  
3.  
 

 

1. 50 100 Kjeldahl flask 
2. nitric acid 5 Kjeldahl flask

20  
3. perchloric acid  3 

10  
4. 50 

100  
5. 

350  
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y = 0.2525x + 0.0073 
 

   y =  
   x =  100  
 
3. 

Bancraft (1967) Humason (1979) 
 

 

  1.  
  formalin      25  
  saturated aqueous picric acid   75  
  acetic acid    5  
   
  2. haematoxylin  
  haematoxylin crytal    4  
  sodium iodate    0.8  
  potassium aluminium sulfate, alum   100  
  citric acid      4  
  chloral hydrate     200  
         2,000  
  

1  
   

3. eosin  
   eosin Y. CI 45380    1  
   70 ethyl alcohol  1,000  
   acetic acid    5  
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  1. cove oil 100  
  2.  

 
1 70 

 
  3. trim

embed) section) 
Humason (1979)  

 

Processing  

medium
 5-7 

paraffin wax) 
3  

1. Dehydration  

50- 70% 

100% absolute alcohol  
 

2. Clearing  

 

clearing agent
 

xylene), chloroform) toluene) 
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3. Paraffin wax Wax penetration  

 
melting point  

54- 58  
  processing

automatic tissue processor  
 

 
  

 
   

1 50% alcohol 1 
2 70% alcohol 1 
3 70% alcohol 1 
4 95% alcohol 1 
5 95% alcohol 1 
6 Absolute alcohol 1 
7 Isopropyl alcohol 1 
8 Isopropyl alcohol 1 
9 Xylene 1 
10 Xylene 1 
11 Paraplast 1 
12 Paraplast 1 

 
4. Embedding and sectioning  

wax 
paraffin) paraplast
Embedding mould paraplast) 
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cooling tissue 
block (tissue block) section  

trimming
microtome 5- 7 
45- 50 gelatin) 

 
45   
 

5. Staining  

 
Haematoxylin & Eosin; H & E)  
de- wax  

100% 95%, 70% 50% 
 

 
6.  

(permout) cover slip) 
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1 Xylene 2 
2 Xylene 2 
3 Xylene 2 
4 Isopropyl alcohol 2 
5 Isopropyl alcohol 2 
6 Absolute alcohol 2 
7 95% alcohol 2 
8 95% alcohol 2 
9 70% alcohol 2 
10 70% alcohol 2 
11 50% alcohol 2 
12 Distilled water 1 
13 Haematoxylin 5- 20 
14 Distilled water 1 
15 50% alcohol 2 
16 Eosin 2- 3 
17 70% alcohol 2 
18 70% alcohol 2 
19 95% alcohol 2 
20 95% alcohol 2 
21 Absolute alcohol 2 
22 Isopropyl alcohol 2 
23 Isopropyl alcohol 2 
24 Xylene 2 
25 Xylene 2 

 
 


