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, Clarias nieuhofii  0 - 46 
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cuboidal epithelium  (  1.735 ± 0.691 . .) 
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Abstract 

 

The histological and histochemical development of the digestive system of 

Nieuhofii s walking catfish larvae, Clarias nieuhofii from hatching until 46 days after hatching 

(DAH) was described using light microscopy.   At hatching, the digestive tract of C. nieuhofii was 

composed of a straight tube lining with the simple cuboildal epithelium and placed on the yolk 

sac (1.735 ± 0.691 mm3, volume) that completely absorption by 7 DAH.   During 1.5 - 2.0 DAH, 

the liver and the pancreas appeared, and glycogen accumulation was observed in the liver at 2 

DAH.   By 3 DAH, the digestive tract was differentiated into 5 parts: Buccopharyngeal cavity, 
Esophagus, Stomach, Anterior and Posterior intestine, and the buccopharygeal tooth buds as well 

as the taste bud were developed.    At 4 DAH, the muscularis of the esophagus was developed and 

divided into 2 parts, coinciding with the differentiation of the stomach into cardiac and pyloric 

region. The gastric gland was appeared first in the cardiac stomach by DAH 3.5.   At the same 

time, the villi were developed in the anterior intestine while the supranuclear vesicles were found 

in the posterior intestine.   The acid mucosubstance appeared both in the goblet cells of the 

intestine and the mucous cells of the esophagus at 3 DAH; however, it increased in the anterior 

esophagus with age.   The first neutral mucosubstance appeared in the mucus cells of the posterior 

esophagus and the stomach at 4 DAH and increased with age.   In the enzyme histochemical 

study, acid phosphatase activity was detected in the larval yolk sac during 0 - 7 DAH.   Alkaline 

phosphatase activity was first detected at hatching and its activity was strong in the striated border 

of the intestine at the time of first feeding and increasing with age.   Amylase activity was found 

in the intestine and the pancreas during 2 - 30 DAH and after that it disappeared in the intestine.   

Lipase activity had a wide distribution in digestive organs at 2 DAH, and strong reaction in the 
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intestine and the pancreas of the juvenile fish.   Furthermore, this study demonstrated that the fish 

larval age (0 - 46 DAH) had positive linear regression with the total length (Tl) (R2 = 0.993) and 

negative linear regression with the yolk sac volume (R2 = 0.927). This result may be applied to 

estimate the age from Tl and yolk sac volume of fish larvae. 

This study concludes that the development of the digestive system of C. nieuhofii 
larvae had the general pattern in the teleosts with similar to other catfishes in the duration. The 

optimal time of the first feeding of these fish larvae were 4 DAH that larvae had the functional 

digestive tract which developed rapidly to the complete morphological digestive tract by 7 DAH. 

The developmental pattern of enzyme activity of this catfish had similar to other bony fishes that 

the low degree in the early period but increased in the time of first feeding. These results lead to 

provide basis knowledge for the development of diets and increase weaning success for this 

catfish. 
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Pv-Pelvic fin 

R-Rectum 

Rmf-Radial mucosal fold 
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1.  
 

 

    , Silurus glanis L. (Kozaric 

et al., 2008)  Channel catfish, Ictalurus punctatus 

  (Lovell, 1998) , 

Clarias gariepinus   (De Graaf and Janssen, 1996)  

Yellow catfish, Pelteobagrus  fulvidraco  (Yang et al., 2010) 

  

, C. batrachus   , C. macrocephalus   , C. macrocephalus x C. 
gariepinus ( , 2542; , 2546)   

 

 ( , 2546)  

, C. nieuhofii  Clariidae 

    

 

   (  , 2538; 

 , 2544)   

 (  , 2538)  

(Vidthayanon, 2005)   

   

 Bufereline 

(Suprefact®)  Domperidone (Motilium®) 

 (  , 2551) 
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(  , 2551)   

  

 

 (Yufera and 

Darias, 2007; Yang et al., 2010)  (Kozaric et al., 2008) 

   

 (Ribeiro et al., 1999; 

Wegner et al., 2009)   

   7 

 (Gastric gland)  

 (Kozaric et al., 2008)    

  

 Pacific threadfin, Polydactylus sexfilis 

 Bluefin trevally, Caranx melampygus  

(Amylase)  (Lipase)  (Alkaline phosphatase)   

 (Kim et al., 2001)  

 (Kisbert et al., 2004) 

 (Bengson, 1993; Segner et al., 1993)  

 (Histological analysis)  (Histochemistry) 

   

  

 (Acid and neutral mucosubstance) 

  

 (Petrinec et al., 2005; Kozaric et al., 2008)  
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 4     (Acid 

phosphatase)   (Roubaty 

and Portmann, 1988; Kim et al., 2001)    

     

 (Lovell, 1998)      

 

 

  

 

2.  
 

2.1  
 

, C. nieuhofii  (Taxonomy)  

Kingdom: Animalia 

Phylum: Chordata 

Class: Actinopterygii 

Order: Siluriformes 

Family: Clariidae 

Genus: Clarias 

Species: nieuhofii 
Scientific name: Clarias nieuhofii (Valencieness, 1840) 

Synonym/misidentification: Prophagorus nieuhofii 
Common name: Slender Walking Catfish, Nieuhofii s Walking Catfish 

Thai name:  

 (Clariid 

catfish)    
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 Labyrinth organ  ( , 2550) 

  Air-breathing catfishes (Nelson, 1994) 

 Clarias    

Dorsal fin spine  Adipose fin  Depressed    (  

, 2551)        , C. meladerma Bleeker, 1846 

  

 Clarias 

 (Standard length)  8.0 - 9.3  (Depth 

of body)  69 - 95  (Rainboth, 1996)  

   (  , 2538) (  1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2  
 

  (2538)  

      

    

  pH 4.5  (Peat) 

 (Organic layer)  20 - 300 .  pH  2.0 

- 4.5  

 1  (Clarias nieuhofii)  
                   :   (2551) 
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 Indo-Australian 

  

 (Smith, 1945)     

   (  , 2538) 

  

 (  , 2551) 

 

2.3  
 

 
 

  (2551) 

  (Adhesive dermersal egg) 

 Meroblastic cleavage  33  15 

  26.5 - 27.5 oC  Kiriratnikom  (2007) 

  30 - 36  

   Clarias  

 28 - 30  (De Graaf and Janssen, 1996)  30  (Hossain et al., 

2006)  

 

  
 

  (2551) 

  6  - 40   (External 

morphology)      6  (

 5.22 .)    

  2     

 (Somite)  19    2 

   

 4 (  , 2529   , 2538)    2 - 19  
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 2      4 - 9  

 40 (  35.88 .) 

 

 

  
 

 Balon (Huysentruyt et al., 2009) 

 4  (  1)  

1. Eleutherembryonic phase (Ee)  0 - 3  

  (External feeding) 

2. Protopterygiolarval phase (Ppl)  4 - 6  

  (Finfold 

differentiation) 

3. Pterygiolarval phase (Pl)  7 - 16  

   

4. Juvenile period (Jp)  17  

 (Sexual maturation) 

 

 

 

Developmental phase    DAH 

Eleutherembryonic phase (Ee)    0 - 3 

Protopterygiolarval phase (Ppl)    4 - 6 

Pterygiolarval phase (Pl)   7 - 16 

Juvenile period (Jp)     ≥17 

 
 

 1 
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2.4  
 

  Dover sole, Solea solea (Bouhlic and 

Gabaudan, 1992), Atlantic halibut, Hippoglossus hippoglossus L. (Kjørsvik and Reiersen, 1992), 

Senegal sole, Solea senegalensis (Ribeiro et al., 1999), Common Pandora, Pagellus erythrinus 

(Micale et al., 2008), Starlet, Acipenser ruthenus L. (Wegner et al., 2009)   Yellow catfish, 

Pelteobagrus  fulvidraco (Yang et al., 2010)  

 (Yufera and Darias, 2007) 

  

 (Govoni et al., 1986) 

  

 

 (Bengson, 1993) 

 (Gisbert et 

al., 2004; Pena and Dumas, 2005; Yufera and Darias, 2007) 

  

  

Melanogrammus aeglefinus  3   

1.5  (Hamlin et al., 2000)  Amphiprion percula   

  3  

 (Onal et al., 2008)  4  

 2  (Kozaric et al., 2008) 

  

   

  

  (Abol-Munafi et 

al., 2006) 
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 (Juvenile period)  

 PAS  

Mucopolysaccharide  (Mucous cell) 

    

, Oxyeleotris marmoratus  Cardiac  30 

   (Abol-Munafi et al., 2006) 

 Rainbow trout (Sarieyyupoglu et al., 2000)  (Kozaric et al., 2008)  

  

(Hamlin et al., 2000; Kozaric et al., 2008; Onal et al., 2008)    

 

     

(Lovell, 1998) 

   

 7 - 9 

 (Kozaric et al., 2008)    

 (Lovell, 1998)           

 (Trypsin)    (Chymotrypsin)    

  Sea bass, Dicentrachus labrax 

L., Dover sole, Solea solea Red drum, Sciaenops ocellatus  

             

Sea bass  4 - 5   Red drum  

(Zambonino Infante and Cahu, 2001) 

       

  

  

       

(Roubaty and Portmann, 1988; Mahmood et al., 1994)   
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 (Kim et al., 2001) 

 (Gisbert et al., 1999)   

   

    

(Lovell, 1998) 

 (Fatty acid)    

 (Bancroft and Gamble, 2002)   

  , Oreochromis niloticus 
  (Maltase, Leucine aminopeptidase, 

Dipeptidyl aminopeptidase IV, Non-specific esterases ) 

   3  (Tengjaroenkul et al., 2002)   

   

  Sea bass   Bluefin trevally    Pacific 

threaddfihs 

 (Cahu and Zambonino Infante, 2001; Kim 

et al., 2001) 

  

  

 

 1 - 19     5  

 3 - 5  7 

 

   (Kozaric et al., 2008)   

   , Rhamdia quelen (Hernandez et al., 2009), 

Yellow catfish (Yang et al., 2010)    

   3   Physailia 
pellucida, Eutropius niloticus  Schilbe mystus   (Pepsin) 

 3  

 3  (Olatunde and Ogunbiyi, 1977)   
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3.  
 

1.  
2.   
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1.  
 

1.1  
 

  

  2   
1.  0-46   

2.        

 

1.2  
  Absolute ethyl alcohol     Light petroleum 

  Acetone      Lead nitrate  

  Acetate buffer pH 5.0     Magnesium sulphate 

  Acetic acid      Mayer s hematoxylin 

  Acid alcohol      Methyl alcohol 

  Alcian blue solution pH 2.5    Paraplast 

  Bouin s fluid      1 % Periodic acid 

  Carmine       Permount 

  Calcium chloride      Saturated lithium carbonate 

  Cobalt nitrate      Schiff s reagent 

  Embedding media for frozen section   Sodium B-glycerophosphate 

  Eosin-Y      Sodium diethyl barbiturate 

  Formal calcium     Starch 

  Glycerin jelly      Xylene 

  Harris s hematoxylin     Yellow ammonium sulphide 
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1.3  
 

    1 (Filter paper No. 1)  PVC (PVC pipe) 

   (Label paper)    (Gloves) 

   22 x 40 . (Cover slip)  (Microtome knife)  

   (Polystryrene box) (Micropipette) 

   (Plastic box)     18 (Wire No. 18) 

   (Bottom)    25x75x2 . (Slide)  

   (Embedding ring)   (Rubber tube) 

   (Net)      0.6 (Fiber No. 0.6) 

 

2.  
   
   (Watch glass)  (Slide warmer) 

   (Light microscope)  (Staining jar) 
   (Stereo microscope)  (Surgical set) 
   (Microphotography)   (Flume hood) 
   (Slides box)    (Oven) 
   (Precision measure)    (Test tube rack) 
   (Rotary microtome)   (Beaker) 

   (Cryostat)   (Oxygen pump) 

   (Embedding centre)   (Water bath) 
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3.  
 

3.1  
 

 (  ) 

   

   12  

  (Fixative)  Bouin s fluid 24 . 

   Absolute ethanol 24 . 

 (  2) 

 

 

 

 
 

( ) 

 

 

 

( / ) 

 Fixative 

Bouin s fluid Absolute ethanol 

1 0 - 4  12 . 12 6 6

2 5 - 10 12 6 6

3 12 - 22  2 12 6 6

4 25 - 46  3 12 6 6

 

 4 

  -

   

 

   20.0 X 33.0 X 

20.0 . . (  5 )  2  

 ( )  1  4.5 

    5 . 

  2 - 3 / . .  2 

 2   
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  (  2A&B)   

 36 .

    (  

2C)    72 .   

(2551)  2 

 8.00 - 9.00 . 20.00 - 21.00 .  14 - 16 

    17 

- 21     22  (  

3)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2   
A:       B:  

C:  

: 1: ; 2: ; 3: ; 4: ; 5: ; 
6: ; 7: ; 8: ; Scale bar - 1 cm. 

A B 

C 

1 

2 

3 

4 

5 

6 

3 

7 

4 

2 

1 

8 
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                 3    0 - 46  

 

               (DAH) 

 

0-2 3-7 8-14 15-16 17-21 22-46 

      
       
*       

*       
*   

 

 12   6  4 oC Absolute acetone  24 . 

    6 

 (Fresh frozen section) 

(  4)  

 

 

 
 
 
 
 
 

 
 

( ) 

 

 

 

( / ) 

 

4 oC Absolute acetone  

1 0 - 7  12 6 6

2 8 - 20  3 12 6 6

3 21 - 46  5 12 6 6

 4    
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3.2  
 

 
 (Total length) (  3) 

 Bouin s fluid  24 .  70%    10 

 2   

  Linear regression  

Microsoft office excel 

 

 
 Bouin s 

fluid  24 .  70%    10  

   Ocular micrometer  (Fukuhara, 1986  

Amornsakun et al., 2004) (  3) 

 = 4/3π(R1/2)2(R2/2) 

  R1 =  

R2 =  

  

 Linear regression  Microsoft office excel 

 

 

 

 

 

 

 

 

 

 
 3  (Total length)  R1  R2 

              0 ; Scale bar - 5 mm. 

Total length 

Y 

Gl 
H 

R1 

R2  

M

A Vff 

Dff 
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3.3  
 

 Bouin s fluid  24 . 

 70%, 95% 100%  

(Dehydration)  Xylene  (Melted paraffin)  

 (Infiltration)  

(Embedding ring)    6 µm.  

 Harris s hematoxylin & Eosin (Humarson, 1979)  

1.  Xylene 2    2   Xylene  

Absolute alcohol 2    2  

2.  95% Alcohol 2    2  

 5  

3.  Harris s hematoxylin  6 - 8   Differentiate  1% 

Acid alcohol  3   2   

Neutralize  Saturated lithium carbonate  1   2  

4.  Eosin Y  2  

 95% Alcohol 2    5 - 10   Absolute alcohol 2    2  

5.  Xylene 2    2 

 (Cover slit)  Permount 

 (Light microscope)  0 - 46 

      

 

3.4  
 

1.  
 Absolute alcohol  24 . 

   

 Best s Carmine (Mallory, 1942)  
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1.  Xylene 2    2   Xylene  

Absolute alcohol  95% Alcohol  2    2   2  

2.  Harris s hematoxylin  10   Differentiate  1 % 

Acid alcohol  3  

3.  Working carmine  20   

Differentiate solution 5 - 10  

4.  80 % Alcohol 1 - 2   95% 

Alcohol  Absolute alcohol  2    2  

5.  Xylene 2    2 

 Permount 

    

  4   0 - 40    

   

 
2.  

 

 Bouin s fluid  24 . 

   

 PAS & Alcian blue (Mowry, 1956)  

1.  Xylene 2    2   Xylene  

Absolute alcohol  95% Alcohol  2    2   2  

2.  Alcian blue solution (pH 2.5)  5  

 2  

3.  1 % Periodic acid 5   2  

4.  Schiff s reagent  8   10  

5.  Mayer s hematoxylin  6 - 8 

 2   Neutralize  Saturated lithium carbonate  1  

 2  
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6.  95% Alcohol 2    1  Absolute alcohol 

2    2  

7.  Xylene 2    2 

 Permount 

 PAS & Alcian blue 

 (Acid mucosubstance)    

 (Neutral mucosubstance)    

   

    

   

 
3.  

 

 4 oC Absolute acetone  24 .

    Absolute ethanol 30  Light petroleum    

   6 µm. 

  Lead nitrate (Chayan et al., 1969)  

1.  Light petroleum 2    2   

Absolute acetone 2    2   2  

2.  Incubating medium  37 0C  2 . 

 1  

3.  1% Yellow ammonium sulphide 2   2  

4.  1 % Eosin Y 5   2  

 Glycerin jelly 
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4.  
 

 4 oC Absolute acetone  24 .

   

    Calcium cobalt (Chayan et al., 1969)  

1.  Light petroleum 2    2   

Absolute acetone 2    2   2  

2.  Incubating medium  37 0C  2 . 

 2  

3.  2 % Cobalt nitrate 5   2  

4.  1% Yellow ammonium sulphide 2   2  

5.  1 % Eosin Y 5   2  

 Glycerin jelly 

   

      

 
5.  

 

 (Cryostat)  Embedding media  8 - 10 µm. 

  Substrate 

film (Tremblay, 1967)  

1. Incubate  Moist chamber (

)  45  

2.  Mix  1 .  2    

2  

3.  1 % Periodic acid 15   2   

 2  
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4.  Schiff s reagent  15   5 

 

5.  Harris s hematoxylin  10  

2    Differentiate  1% Acid alcohol  3   2    

 Glycerin jelly 

    

    

 

6.  
 

 (Cryostat)  Embedding media  8 - 10 µm. 

  Tween 

method (Gomori, 1952  Bancroft et al., 2002)  

1.  Incubating medium  2 .  3 

   2  

2.  2 % Lead nitrate (55  0C)  10   2  

 10  

3.  1% Yellow ammonium sulphide 3   2  

 2   Glycerin jelly 
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 3 

 

 

 

1.  (Total length)   

(Yolk volume) 

 

 0 - 46   10  

   26 - 27 oC  5 

 6  

 

 

 

( ) 
 ( .) ± SD, n = 10 

 

 ( ) 
 ( .) ± SD, n = 10 

0 4.27 ± 0.46 16 15.29 ± 0.98 

1 6.44 ± 0.32 18 16.72 ± 1.85 

2 6.70 ± 0.40 20 18.49 ± 1.16 

3 6.81 ± 0.31 22 20.64 ± 1.45 

4 8.01 ± 0.33 25 23.13 ± 3.00 

5 8.53 ± 0.25 28 26.47 ± 2.72 

6 8.94 ± 0.29 31 28.22 ± 1.88 

7 9.50 ± 0.34 34 31.53 ± 1.04 

8 10.02 ± 0.61 37 31.96 ± 1.84 

9 10.22 ± 0.62 40 33.13 ± 2.48 

10 10.83 ± 0.51 43 37.07 ± 1.22 

12 12.95 ± 0.77 46 37.14 ± 2.44 

14 14.28 ± 0.80   

 

 5    0 - 46  
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( ) 
 ( . .) ± SD, n = 10 

 

( ) 
 ( . .) ± SD, n = 10 

0.0 1.735 ± 0.691 2.5 1.061 ± 0.205 

0.5 1.786 ± 0.234 3.0 1.059 ± 0.251 

1.0 1.628 ± 0.180 3.5 0.903 ± 0.159 

1.5 1.475 ± 0.251 4.0 0.787 ± 0.173 

2.0 1.186 ± 0.302 5.0 - 

 

 4.27 ± 0.46 . 

      3  

 6.81 ± 0.31 .  8.01 ± 0.33 .  4 

    46 

  37.14 ± 2.44 .  0 - 46 

 (Linear regression) 

 y = 0.739x + 3.700  R2  0.993  y   x 

  (  4) 

  

 0 - 4  1.735 ± 

0.691 . .    

    4 

 0.787 ± 0.173 . . 

   

 5 

    0 - 5 

   

  y = - 0.162x + 2.069  R2  0.927  y 

 x  (  5) 

 6   0 - 5  
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 4    (Total length)  0 - 46  

                ; Y-S = Yolk sac larvae; ,  

 

y = 0.739x + 3.700

R2 = 0.993

Y-S

 ( ) 

 (
.) 

 5    0 - 5 ; 

         ,  

 (
.

.) y = -0.162x + 2.069 

 R2 = 0.927
 

 ( ) 
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2.  (Yolk sac)  

 

 (Yolk sac) 

     

 (Yolk)  Eosin  (  

6A-C)    

       4 - 6 

  

 (  6)  7 

    

5  
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 6    (H&E)  

A: 6    B: 4  

C: 6  

Scale bar - 0.5 mm. 

Y 

Gi 

B 

O 

 A 

Y 

B 

St 

Ai 
Pi 

Bp 

L P 

E 

R 

 C 

Y 

B 

St 
Ai 

Pi 
Bp 

Ht 
A 

 B 
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3.  (Digestive tract) 

 

 24  

  Simple cuboidal epithelium   

   (Buccopharyngeal cavity)  Simple squamous epithelium 

 (Anus)  

  1   

 Cuboidal cells  

  Simple columnar epithelium (  7) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1 - 3   

 5    (Buccopharyngeal 

cavity),  (Esophagus),  (Stomach),  (Anterior 

intestine)  (Posterior intestine)  

 7  1.5  (H&E); Scale bar - 100 µm. 

St 

In 

Y 

M 
Nc 
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 (Buccopharyngeal cavity) 

  Simple squamous epithelium   

 12 .

 1     3 

 (Pharyngeal teeth bud)  (  8A) 

 (Taste bud)   

(  8C)    (Mucous cells) 

 4  (  8A)   Stratified 

squamous epithelium  4 

    18 

  (  8C)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8    (H&E) 

A: 4    B: 7  

C: 40  

Scale bar - 50 µm.   

Mc Tb 

 C 

Pt 

Ml

Ep 

Mc

Pt 

Mc 

Ct 

E 

Ep 

Ml  A 

Ht 

Pt 

Mc 

Ct 
E 

Ep Ml 

 B 

Ct 
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 (Esophagus) 

 

   2  Stratified squamous epithelium  

 (Muscularis)  (Striated muscle)      

 3  2  

 (Longitudinal muscular layer)  (Circular 

muscular layer)    2 

   (Anterior esophagus)  Stratified squamous epithelium  

 (Posterior esophagus)  Simple columnar epithelium (  

9A&B)    (Mucosal fold)  4 

 2    (Radial 

mucosal fold) (  9A&B1)    (Longitudinal 

mucosal fold)  Eosin (  9A&B2) 

 (  9A&B)  3     

7  2  

 2     20 

 2  (  9B1&2) 
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 9   7  37  (H&E)  

A: 7  

B: 37  (B1 - Anterior esophagus; B2 - Posterior esophagus) 

Scale bar - 50 µm. 

Cm 

Bp 

Lm 

Ep 

Ep 

Lmf 

Rmf 
Mc 

 A 

Cm 

Lm 

Ep 

Rmf 

Mc

Lmf 

Cm 

Lm 

Ep 

Mc 

 B1 B2 
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 (Stomach)  

   

 1.5  Stratified cuboidal cells 

    2  Simple 

columnar epithelium  (  10A)   

 2  4   

(U)   Cardiac 

 Pyloric    

 2  

1. Cardiac stomach  

 Simple columnar epithelium     

 3.5  (Mucosa) 

 (Gastric pit)  (Lumen)  (  10A&B) 

    

 (Circular smooth muscle layer)  

(Serosa)    (Loose connective tissue) (  

10C)  12 

 Simple columnar epithelium (  10C) 

2. Pyloric stomach  

Cardiac     

Simple columnar epithelium  Cardiac 

 (Laminar propria)  

(Dense connective tissue) (  10C&D)  

5     Pyloric 

 Cardiac  2 

 (Longitudinal 

smooth muscle layer)  7 

 (  10D) 

 2  4 

   Cardiac 
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 (  10B&C)   

Pyloric 

 (  10C)    2 

 Eosin  4  

(  10D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 10     (H&E)  

A:  (3.5 )      B: Cardiac stomach (6 )  

C:  2  (25 )     D: Pyloric stomach (8 ) 

 - ; Scale bar - 50 µm.  

 A

Gg 

Ep 
P 

Ep 

St Gg 

Gp 

Ep 

Ml 

F 

Lp Ep 

Ml 
Gg 

Cs 

Ps 

Ss 

F 

B 

 C  D

Lu 

Lu 

Lu 
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 (Intestine) 
    1 - 2  Simple columnar epithelium 

   

    3 

 2    (Anterior intestine) (  11A) 

 (Posterior intestine) (  11B) 

 (Rectum) 

(  11)  2  

1.  (Anterior intestine) 

 Pyloric (  12C)   Simple columnar 

epithelium  Striated border  Eosin    

 3   

 (  11A)   

 (Villi)  5 

 (  12A)      

(Muscularis mucosae)  3 - 4  

   Goblet cells 

 4    (  12B) 

2.  (Posterior intestine) 

 Simple columnar epithelium 

 

 Supranuclear vesicles  H&E 

 4  (  11B&13A)   

 3     Goblet cells 

 3    

 (  13B)   

 Simple columnar epithelium  Supranuclear vesicles 

  (  11B)    

 4  
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 5 

    2 

    2 

    20 - 46 

 (  12B&C)    

Supranuclear vesicles 

(  13B) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 11   4  (H&E) 
A:  
B:  
Scale bar - 50 µm.

 A

 B 

Mf 

Ep 

Y 

Lu 

Lmf 

Lp 

Y

Lu 

Ep

R 

A

Mf 
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 A  B 

 C 

Ep 

Lu 

V

Gc 

EpLp 

Mm

Sb 

Lu 

Ps

Ai

Ml

V

Mf

 12    (H&E) 
A:  (8 )    
B:  (46 ) 
C:  Pyloric  (40 )  
Scale bar A&B - 20 µm; C - 50 µm. 
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 13  10  46 (H&E) 
A:  (10 ) 
B:  (46 ) 
Scale bar - 20 µm 

Snv 
Mf 

Mm

Mm 

Lu 

 A 

 B 

Snv 

Snv 

Lp Lp 

Mm Mm 

Ai 

Pi 
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4.  (Liver)  (Pancreas) 

 

 

1.5  (36 .)  (Hepatocyte) 

 (  14A)  (2 - 6 

) 

 4  (  

14B)    3  (Oil Droplet) 

 H&E  (  14B)    

(10 - 46 ) 

(  14C) 

 2  

 Pancreatic acinar cells  (  14B)    Acinar 

 Zymogen granules    Eosin (  14B&D)   

 4     (Pancreatic duct)  Simple 

columnar epithelium  (  14D) 
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 14     (H&E) 

A:  (1.5 )  B:  (3.5 ) 

C:  (20 )  D:  (16 ) 

 - Oil droplet; Scale bar A - C - 50 µm; D - 20 µm. 

Pd 
Z 

Is 

Pa 

A

B 

C

P 

L 

L 

Y 

D 
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 Balon (Huysentruyt et al., 2009)  4  

 (  7) 

 Eleutherembryonic phase (  15A)   

  4 

     Zymogen 

granules    

 

 Protopterygiolarval phase (  15B) 

  (Finfold formation) 

 6   

     

     

Goblet cells    Supranuclear vesicles    

 

 Pterygiolarval phase (  15C) 

   10  (7 - 

16 )        

   

 

 Juvenile period (  15D) 

   

   

 46  
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        Phase  Ee 

 (0 - 3 DAH) 

Ppl

 (4 - 6 DAH) 

Pl

 (7 - 16 DAH) 

Jp

(17 - 46 DAH) Organ  

 

-  Simple squamous 

epithelium 

-  

-  

-  Simple squamous epithelium 

-  

-  

-  Stratified squamous epithelium 

-  

 

  -  Simple squamous 

epithelium 

-  

2  

-  2  

-  

-  2 

 

-  

 

 

-  

-  

 

 

 

-  Simple columnar 

epithelium 

-

 

 

 

-  2  : Cardiac 

 Pyloric,  

-Cardiac: , 

,   

-Pyloric:   , 

 

-Cardiac: 

, 

 

-Pyloric: 

,  

 

-

 2  

 

 

 

 

-  Simple columnar 

epithelium 

 

-  Simple columnar epithelium 

-   Striated border 

-  Goblet cells 

-  

-  

-  

-  

 

 

-  Simple columnar 

epithelium 

 

 

-  Simple columnar epithelium 

-  Supranuclear vesicles  

-  

-  Goblet cells 

-  

-Supranuclear vesicles  

 

 

-  

-Supranuclear 

vesicles  

 

 

 

-

 

-  Zymogen granules 

 

-

 

-  

 

-

 

-  

-

 

 

 

 

 

 

 

 

 

 7     
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 15     

A: Eleutherembryonic phase (3 )   B: Protopterygiolarval phase (6 ) 

C: Pterygiolarval phase (16 )        D: Juvenile period (46 ) 

Scale bar - 5 mm. 

 

AfBb
Pr 

Pv 

Df 

Cf

 

Af 

Bb

Pr Pv

Df

Cf

D

C

A 

Y 

Dff 

Vff 

A Bb 

B Dr 

A Bb 
Pr 
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5.  
 

 Best s carmine  2 - 40 
  (Hepatocyte) 

 2  (  �leutherembryonic) 
 (  16C)   

 4   (  Protopterygiolarval) (  8,
 16A)    6 - 40 

  (  
16B)    (Oil droplet) 

 3  
  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Phase Glycogen storage 
�e (0 - 3 DAH) ++ 
Ppl (4 - 6 DAH) +++ 
Pl (7 - 16 DAH) +++ 
Jp (17 - 40 DAH) ++++ 

 (+)   (++++) 

 8    - 
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 16     (Best s Carmine) 
A: 5   B: 10   
C: 3   D: 40  

 - Glycogen deposit;  - Oil droplet; Scale bar - 40 µm. 

DC

BA
 

 

P
Si 

Y 
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6.  
 

 (Mucosubstance) 
   PAS & Alcian blue (pH 2.5) 

 ( )  ( ) 
       

     Goblet cells     
 Goblet cells 

 3  (  19A)   
 4  

(  18A) 
 4  (  18C)   

 Goblet cells  (  19C)   
  

 25  (  17B)   (
 18B)   Goblet cells  7  (  19B)    

     
   

  (  9) 
 

 

 
 

                 Organ Bp Ae Pe St Ai Pi 
Phase Am Nm Am Nm Am Nm Am Nm Am Nm Am Nm 
Ee (0 - 3 DAH) 0 0 +1 - +1 - 0 0 +1 - +1 - 
Ppl (4 - 6 DAH) +1 0 +3 0 0 +3 0 +2 +1 0 +1 0 
Pl (7 - 16 DAH) +1 0 +3 +1 0 +3 0 +2 +2 +1 +2 0 
Jp (17 - 46 DAH) +1 +1 +3 +2 0 +4 0 +3 +2 +1 +1 0 

 9   - 
                     

 (Am)  (Nm) -  (0)  (+4) 
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 17    7  46  (PAS & Ab)  
A:  (7 ) 
B:  (46 ) 

 - ;  - ; 
 - ; Scale bar - 20 µm. 

A

B

Ct

Pt
Ml

Tb Mc

Tb

Ml

Mc

E
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A

C

Ml

Ae
Pe

Ml

Ml

Gg

Cs Ps

F

Ep

Lp

 18     (PAS & Ab)  
A:  (7 ) 
B:  (46 ) 
C:  Cardiac  Pyloric (25 ) 

 - ;  - ;  
 - ; Scale bar - 50 µm. 

Mc

B

Mc

Ml
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Mm

A

B

C

Y

Ep
Gc

EpGc

Mm
Lp

Lu

Ep

Mm

Snv

F

Gc

 19    3  46  (PAS & Ab)  
A:  (3 )   B:  (46 ) 
C:  (46 ) 

 - ;  - ;  
Scale bar - 20 µm. 
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7.  

   
  0 - 46 

 4    Eleutherembryonic  0 - 3 
  Protopterygiolarval  4 - 6   Pterygiolarval  7 - 16  

 Juvenile  17 - 46   

 

1.  

 
  Lead 

nitrate  Simultaneous coupling reaction 
 Sodium β glyceroposphate  Phosphate ion  Lead ion 

 Lead phosphate  Sulphide ion 
 (Bancroft and Gamble, 2002) 

  

 (  20A&B) 
 Protopterygiolarval (  4 - 6 ) 

 (  10,  20C)  Pterygiolarval (
 7 )  

(  10,  20D)  Pterygiolarval (  15 - 16 ) 
 (  10) 
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                      Organ Y E St Ai Pi L P 

Ee (0 - 3 DAH) ++ 0 0 0 0 0

Ppl (4 - 6 DAH) +++ 0 0 0 0 0 0

Pl (7 - 16 DAH) 0 0 0 + 0 0 0

Jp (17 - 46 DAH) 0 0 0 0 0 0 0

 (0)   (++++) 

 10   
  

Phase
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 20    

A:  (1 )    B:  (3 ) 

C:  (5 )    D:  (8 ) 

 - ; Scale bars - 100 µm. 

A
Y L 

Y 

Ai 
St 

Y 

D

B

C
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2.  

 Calcium-Cobalt 
 Simultaneous coupling reaction 

 Sodium β glyceroposphate  Phosphate 
ion  Calcium ion  Calcium phosphate  Cobalt ion 

 Cobalt phosphate  Sulfide ion  Cobalt sulfide 
 (Bancroft and �amble, 2002) 

  
 (  Eleutherembryonic) 

  (  11,  
21A)  Protopterygiolarval (  5 ) 

  Striated border    
(  11,  21B)   

 Pterygiolarval  (  11)  
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                  Organ Y E St Ai Pi L P 

Ee (0 - 3 DAH) + 0 + + 0 0
Ppl (4 - 6 DAH) 0 0 0 ++ ++ 0 0
Pl (7 - 16 DAH) 0 0 0 +++ ++ 0 0
Jp (17 - 46 DAH) 0 0 0 ++++ ++++ 0 0

 11  
  

 (0)   (++++) 

Phase
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21   

  

A:  (1 ) 

B:  (12 ) 

 - ; Scale bar - 50 µm. 

Y 

Gi 

Ai 

Pi 

Snv F 

A

B
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3.  

 Substrate film (Tremblay, 1967) 

 

 (Hydrolyzed starch) 

 

 PAS 

  PAS 

 (Tremblay, 

1967) 

  

 Eleutherembryonic (  3 ) 

    Mucosa  

 (  12,  22A)  

Protopterygiolarval  (  12,  

22B)  (  12)

 Acinus  (  

22B)   

 ( ) 

 ( ) (  

12,  22C)    15  (  

Pterygiolarval) 

 30  

( )  Acinus 

 (  12,  22D) 
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Organ Y E St Ai Pi L P 

Ee (0 - 3 DAH) 0 0 + + 0 +

Ppl (4 - 6 DAH) 0 0 0 ++ ++ 0 ++

Pl (7 - 16 DAH) 0 0 0 ++ + 0 +++

Jp (17 - 46 DAH) 0 0 0 + 0 0 +++

 (0)   (++++) 

Phase 

 12 
  



57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 22     

A:  (4 )  B:  (7 ) 

C:  (28 ) D:  (41 ) 

 - ; Scale bars - 100 µm. 

L 

E 
F 

St 

P 

Pd 

Ai 

P 

L 

St 

F 
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P L 

Ai 

Pd 

Y 

Gi 

A B

C D
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4.  

 Tween method (Gomori, 

1952)  

 Tween 80 

 (Fatty acids)  Calcium ions  Insoluble 

calcium soaps  Lead ions  Ammonium 

sulfide 

 (Bancroft and Gamble, 2002) 

  

 2 

    

 (  23A)  

(  13)  Pterygiolarval (  7 ) 

 (  13,  23B)  10 - 15 

 

 Acinus  (  13,  23C)  

Juvenile (  20 - 28 ) 

     (  13, 

 23D)  35 - 46 

 (  23E) 

  (  23F) 

 

 



59 

 

 

Organ Y E St Ai Pi L P 

Ee (0 - 3 DAH) + + + ++ 0 + 

Ppl (4 - 6 DAH) + + + + ++ + + 

Pl (7 - 16 DAH) 0 + + ++ + + +++ 

Jp (17 - 46 DAH) 0 + ++ ++++ +++ ++ +++ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (0)   (++++) 

13  

 

Phase 
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23   

A:  (3 )     B:  (7 ) 

C:  (10 )      D:    (28 ) 

E:  Cardiac (35 )    F:    (46 ) 

 - ; Scale bars - 100 µm. 

A B

C D

Y 

Gi 

Ai 

Pi 
St 

F 

P 

L 

Pd 

Ai 

P 

L 

Lu St 

P 

Ai 

E F



61 

 4 
 4   14  

4  Eleutherembryonic phase (0 - 3 ) 
   

 
    

      
 ( ) 

    
 Protopterygiolarval phase (4 - 6 ) 

 ( ) 
    
   

      
 Pterygiolarval phase (7 - 16 ) 

      
 3 

  
    

  
 (17 - 46 ) 

   
   

   
 30 
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                          Phase 
Enzyme 

Ee 
(0 - 3 DAH) 

Ppl 
(4 - 6 DAH) 

Pl 
(7 - 16 DAH) 

Jp 
(17 - 46 DAH) 

Acid phosphatase ++ +++ + 0
Alkaline phosphatase + ++ +++ ++++ 
Amylase + ++ +++ +++ 
Lipase + + ++ +++ 

 

 14    4  
  

 (0)   (++++) 
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 4  
 

 
 

 
 

 

  26 oC � 27 oC 

 Clarias 

 4.5 ± 0.2 . (Mukai et al., 2008)    Silver catfish, Rhamdia 
quelen  2.76 ± 0.38 . (Pimenta de Amorim et al., 2009) 

 �ellow catfish  7.1 ± 0.3 . (�ang et al., 

2010)   

 (Maternal effect) 

 (Heath et al., 1999)    

 Acepenser (A. baeri; A. medirostris; A. ruthenus) 

 10.4 � 12.2 . (Gisbert et al., 1998; Gisbert and 

Doroshov, 2003; Wegner et al., 2009) 

  (Linear regression) 

   �ellow catfish (�ang et 

al., 2010) California halibut, Paralichthys californicus (Gisbert et al., 2004)     

 

 
 

 5    

  , Mystus nemurus 

 3  (Amornsakun et al., 1997) , 
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Mystus wyckioides , Oxyeleotris marmoratus  4.3 

 (Amornsakun, 1999)  3.4  (Amornsakun et al., 2002)   

 6  (Kozaric et al., 2008)   

 1.735 ± 0.691 .

.  (1.186 ± 0.250 . .) (Amornsakun et al., 1997) 

 (1.443 ± 0.476 . .) (Amornsakun, 1999)   

 5  

 (Amornsakun et al., 2004) 

 3  5    

    4 

 6  (Kozaric et al., 2008)   �ellow catfish  3 

 (�ang et al., 2010)     

Melanogrammus aeglefinus  3   

1.5  (Hamlin et al., 2000)  Amphiprion percula 

 3  (Onal et al., 2008)   

     

   

 (�ufera and Darias, 2007)   

    (Hodson and Blunt, 1986  

Amornsakun et al., 2004)   

 2  

 (  , 2551)   

 4 (  , 2538) 

 5 

   

 7 
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 (Senger et al., 1993; 

Ribeiro et al., 1999; Zaiss et al., 2006)   

 (Kozaric et al., 2008) Silver 

catfish  (Pimenta de Amorim et al., 2009)  �ellow catfish (�ang et al., 2010)  

 

 

    (Endogenous�

exogenous feeding)  (�ufera and Darias, 

2007)  (Kozaric et al., 

2008; Pimenta de Amorim et al., 2009) 

 �ellow catfish  Simple squamous epithelium 

  3 � 4    

   

 3   �ellow catfish 

 (Jaw teeth)  Premaxillar�  5    

 2 

 (Swallowing)  Rotifer   Cladocera  Copepoda 

(Wang et al., 2002) 

 2 

 3   

Stratified squamous epithelium  

Simple columna epithelium    

 3  
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 Cladocera      

   

 (Kozaric et 

al., 2008; Raji and Norouzi, 2010)    3 

    California 

halibut (Gisbert et al., 2004)  Common pendora (Micale et al., 2006) �ellow catfish (�ang et 

al., 2010) 

   1.5   Cardiac 

 3.5  Siluriformes  

 (4 ) (Verreth et al., 1992), Mystus macropterus (5 ) (Chen et al., 

2002), S. asotus (5 ) (Pu et al., 2004),  (5 ) (Kozaric et al., 

2008)  �ellow catfish (3 ) (�ang et al., 2010)    

    Acipenseriformes  6 � 12  

(Gisbert et al., 1998; Gisbert and Doroshov, 2003)   

 (Verreth et al., 
1992; Senger et al., 1993)  

 (H�drochloric) 

 (Govoni et al., 1986; Dabrowski and Portella, 2005)   

  

 (Balon, 1999; Hu�sentru�t et al., 2009)    �ang  (2010) 

 Pepsinogen granules  �ellow catfish 

 (H+/K+�ATPase)  RT�PCR  in situ h�bridization  

 2  4 

 Cardiac  P�loric 

 (Raji and Norouzi, 2010) �ellow catfish (�ang et 

al., 2010)    (Cardiac Fundic) 

 Simple columnar     P�loric 
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 Simple columnar  

    A. baeri (Gisbert et al., 1998) A. 
medirostris (Gisbert and Doroshov, 2003)  A. ruthenus (Wegner et al., 2009)   

 

 

 3    

  

 5    

 Enteroc�te  Striated border 

 Enteroc�te  Goblet cells  4 

 (5 ) (Kozaric et al., 2008)  �ellow catfish (3 

) (�ang et al., 2010)  California halibut (13 ) (Gisbert 

et al., 2004)  Common pendora (33 ) (Micale et al., 2006)   Goblet cell 

   

         

   

 Pinoc�totic 

absorption  Supranuclear vesicles 

 (Govoni et al., 1986; Takashima and Hibi�a, 1995)  

�ellow catfish (�ang et al., 2010)   Watanabe (1984) 

 (Proteol�tic enz�mes) 

 (Hamlin et al., 2000)    

 Goblet cells  3 

  California halibut (13 ) (Gisbert et al., 2004)  

Gilthead seabream (Sparus aurata L.) (20 ) (Sarasquete et al, 1995)    Goblet cells 

  (Gisbert 

et al., 2004; �ashpal et al., 2007) 
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 1.5 

  �ellow catfish (2 ) (�ang et al., 2010)  (3 

) (Kozaric et al., 2008) 

 

 A. medirostris (Gisbert and Doroshov, 2003)  A. ruthenus (Wegner et al., 

2009)  2    

 2 � 40  2 

  3 

 4  (3 )   

 7  (4 ) (Kozaric et 

al., 2008)    

        

 Hepatic sinusoid  (Pena et al., 2003; Wegner et al., 2009)   

 6 

 �ang  (2010) 

   (Gl�cogenesis) 

 (Gl�cogenol�sis) 

 (Metabolic demand)  (Mir and Channa, 2011)   

 (Gisbert and Doroshov, 

2003)   

 

 

 Z�mogen granules 

 Acinar  2  3    

  

 (Kozaric et al., 2008; Wegner et al., 2009; �ang et al., 2010)   

Z�mogen granules     
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 (Takashima and Hibi�a, 1995; Genten et al., 2009)   

      

 (Cahu and Zambonino Infunte, 2001) 

 (Kolkovski, 2001)  

    (Cahu and Zambonino Infunte, 2001) 

 

 

 

 

   

 3  Goblet cells 

      (Kozaric et al., 2008) 

Dover sole (Boulhic and Gabaudan, 1992) �ellowtail flounder (Baglole et al., 1997)  Senegal 

sole (Ribeiro et al., 1999)  

    2 

 S. aurata (Domeneghini et al., 1998)  A. baeri (Gisbert et 

al., 1998)   

 (Gisbert et al., 2004; Kozaric et al., 2008) 

   Sialic acid  

Sialidase  (Zimmer et al., 1992) 

 (Padros et al., 1993) 

 (Gisbert et al., 2004)  

  4     A. baeri (Gisbert et 

al., 1998)  California halibut (Gisbert et al., 2004)  (Kozaric et al., 2008)   
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 (Eroschenko, 2005) 

 3.5  

 

(Gisbert et al., 1999; Kozaric et al., 2008)  

   

 4  

 

 Goblet cells 

 3     Goblet cells 

 6 � 7     S. aurata 

(Domeneghini et al., 1998)   M. aeglefinus (Hamlin et al., 2000)    (Kozaric et 

al., 2008)     Goblet cells 

 (Disaccharide) 

 (Short�chain fatt� acid) (Osman and Caceci, 1991; Riberio et al., 1999) 

 

(Sarasquete et al., 1995; Gisbert et al., 2004) 

    

 

    

 

  

 

 
 

 4     

     4 
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 Eleuther 

embr�onic phase   Protopter�giolarval phase 

   

 Pter�giolarval phase   

 (L�sosome)  

(Kozaric et al., 2006; Mir and Channa, 2010)   

 (Gisbert et al., 1999; 

Kim et al. 2001)  

  (Kim et al., 2001) 

 Buddington (1985) 

 Pinoc�tosis  

Endoc�tosis    Mir  Channa (2010) 

,  Striated border,  Enteroc�te   Snow 

trout, Schizothorax curvifrons Heckel 

 (  

)    

 

 

 Eleutherembr�onic phase    

 Protopter�giolarval phase 

 Pter�giolarval phase    

 (Gawlicka et al., 2000; Kim et al. 2001) 

 (Active transport) 

         (Kozaric et al., 

2006) 
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 (Starvation) 

 (Cahu and Zambanino Infante, 1994; Gawlicka et al., 2000)   

 (  Eleutherembr�onic phase) 

    (3 ) 

   

 

  Pacific threadfin, Bluefin trevall�  Senegal sole 

(Martinez et al., 1999; Kim et al., 2001)  

    

 (Zambanino Infante and Cahu, 2001)   

 (Krogdahl and Sundb�, 1999)    (Carnivorous) 

 

 

Microalgae  (Zambanino Infante and Cahu, 1994) 

   

 2   

   

 3 

  30 

   

 3 � 30 

      30 

 

 2 

 Pter�giolarval phase    
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 (Gawlicka et al., 2000)   

 (  

) 
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1.  H&E 

1.1. Bouin s fluid  

  Picric acid (Saturated aqueous solution)   75.0 ml. 

  Formalin (Formaldehyde 40%)    25.0 ml. 

  Glacial acetic acid     5.0 ml. 

1.2. Harris s Hematoxylin 

  Harris s Hematoxylin     5.0 g. 

  Absolute alcohol      50.0 g. 

  Aluminium ammonium sulfate (Ammonium alum)  100.0 g. 

  Mercuric oxide      2.5 g. 

  Distilled water      1000.0 ml. 

   

  Harris s Hematoxylin  Absolute alcohol  

(hot plate)  Ammonium alum   Erlenmeyer flask  2000 ml. 

  2     

 (  )  Mercuric oxide 

   

   

2-3  

    Harris s Hematoxylin 1   

     

     

    

 

1.3. Eosin 

-Stock solution 

Eosin Y      10.0 g. 

Distilled water     50.0 ml. 
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95% Ethyl alcohol     940.0 ml. 

  3.2 Working solution 

 -Stock solution      1  

  95% Ethyl alcohol    1  

 

 1.4. 1% acid alcohol 

  70% Ethyl alcohol    1000.0 ml. 

  Conc. HCL     10.0 ml. 

 

1.5. Saturated litium carbonate 

  Litium carbonate    3.0 g. 

  Distilled water     1000.0 ml. 

 

2.  Best s Carmine 

2.1. Working Carmine 

  Stock solution     10 ml. 

  28% Ammonia water    15 ml. 

   Methyl alcohol     15 ml. 

  2.2. Differentiating solution 

   Absolute alcohol     20 ml. 

   Methyl alcohol     10 ml. 

   Distilled water     15 ml.  

 

3.  PAS&Alcian blue 

   Alcian blue solution pH. 2.5 

   Alcian blue     1 g. 

   3% acetic acid     100 ml. 

4.  Lead nitrate (  Acid phosphatase) 

  Incubation medium 
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   0,05 M. Acetate buffer    100 ml. 

   0.01 M. Sodium B glycerophosphate  0.2160 g. 

   Lead nitrate     1.3248 g. 

 

5.  Calcium cobalt (  Alkaline phosphatase) 

  Incubation medium 

   3% Sodium B glycerophosphate   10 ml. 

   2% Sodium diethyl barbiturate   10 ml. 

   Distilled water     5 ml. 

   2% Calcium chloride    20 ml. 

   5% Magnesium sulphate    1 ml. 

 

6.  Substrate film (  Amylase) 

  6.1.  

  4 g.  15   

 4-5    

   

 Mix 1   3    5   

  6.2.  Mix  Methyl alcohol : Acetic acid :  = 5 : 1 : 5 

 

7.  Tween (  Lipase) 

  Incubation medium (solution A+B+C) 

   Solution A: Tris buffer pH 7.2    9 ml. 

   Solution B:       0.6 ml. 

    Tween 80   5 ml. 

    Tris buffer pH 7.2  100 ml. 

    Thymol    1 crystal 

   Solution C      0.3 ml. 

    Calcium chloride  200 mg. 

    Distilled water   10 ml. 




