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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. 
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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   



 23 

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

 



 27 

 
 

 
  

 
  

 

  



28 
 

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® 

 



30 
 

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   

 



34 
 

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  
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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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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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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) 
 
 

 



90 
 

 

 
 

   

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 

 
 




