
 2 

 

 

 

 

 

  (Degradable polymers) 

  

 -  

  

 

 

 

 

  Poly [ -(1 4)-2-acetamido-2-

deoxy-D-glucopyranose]   C-2 

  (  2.1) 

 N-acetyl glucosamine  

(C8H13NO5)n (  n   Number  of repeating unit)   C     

 47.29, H      6.45, N  6.89  O  39.37   

  . . 1811  Braconnot  

 Fungine    Oddier  . . 

1823  “Chiton”   

  

       

        



 
 
 

5 

 
 2.1  

  :  

(2550) 

 

 

 3     

 2.1  

 

 2.1  

 

  

   

 
  

 (

) 

  
 

 
 

 
 

 
 

    

 



 
 
 

6 

         

      

                

 260  

 

 

 

 

   (Rao et al., 

2000)   Gagne and Simpson (1993) 

 2   Chymotrypsin  Papain 

 1.3 

 2.8  

  3    1  

(Deproteinization)  2  (Demineralization)  3  

(Decoloration)  1  2  

 

1.  (Deproteinization) 

  

 

        

 

  1-10 

 

 

 65-100    

 (Reaction time)  

    

 (Depolymerization)   
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 (Energy interaction)  

 Lipoproteins (Domard and Chaussard, 2002) 

 

  1  10 

 (No and Meyers, 1997)    

 

2.  (Demineralization)    

   

  2-3 

 

  30   2  

  

 (No and Meyers, 1997)    

 

   (Myint et al., 2002)  

 

 0.7   

(Myint et al., 2002)  Hall (2002) 

 

 

 

3.  (Decoloration)  

 

  

  -

  (Broussignac 1986, Robert 1992)  

 

 (No and Meyers  



 
 
 

8 

1997)  

    

  (Crushing)  (Pressing)   

  

 

 2.2   

 

  ( ) 

 20 

 38 

 20 

 30 

 38 

 35 

 37 

 40 

 44 

 69 

 70 

              (2553) 

 

 

 

 (  2.2)  . . 1859  Rouget 

 Poly [ -

(1 4)-2-amino-2-deoxy-D-glucopyranose]  (C6H11NO4)n (  n  

 Number of repeating unit) 

 

 

 



 
 
 

9 

 

 

 

 

 

 

 

 

 

                                           2.2  

 :  

                                                                    (2550) 

 

 Glucosamine  

Glucosamine  60   (Deacetylation) 

  

 (–NHCOCH3 )  (–NH2) 

 2  

  Glucosamine  40        

  Glucosamine  60 

           

  Deacetylation  N-acetyl glucosamine       

 Glucosamine  

  Percentage of 

Deacetylation (% DD)   60  
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 ( : , 

2550)  

  70 

  70 

 

  

 

1.  (  , 2548) 

 Cationic polyelectrolyte  

(NH2)  2  

 -

  pH  5.5  

 

2.  ( , 2552) 
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3.  ( , 2552) 

 Thermoplastic 

        

  

 

 

 

 2   

 

 

    

  (  40-50)       

 100    

 (Muzzarelli, 1977)    

 

 (Myint et al., 2002) 

 Lertsutthiwong et al. (2002)              

                     

 

            

 

 

   

 50   100           

  1     

 82  2 

 100 (Robert 1992) 

                

  2.3 
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 2.3  

 

 

 

 

 

( ) 

 

 

-   100 

 4  270 

  24  

-    

270   24  

 

-   30  

  50 

 30   48  

   90 Aye et al., 

2002 

 

  

-   -  

 2   5  

   5  

-   

1.  2  

 800  

 100  6 

 

 

 

 

 

 

 

 

 

 

 

 

76 

 

 

 

 

 

 

 

 

 

, 

2544 
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 2.3 ( )                     

  

 

 

 

 

 

( ) 

 

2.  2  

 800  

 100   

12   2  

3.  1  

200    

2  

4.  2  

 300  

 1  

 

-  

 40 

  1 : 20  

110    5  

   

  

-    1  

 1.5   100  

 20  

-    

1. 1  

 800  

 80   

24  

 

 

 

80 

 

, 

2544 
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 2.3 ( )                       

  

 

 

 

 

 

( ) 

 

2.  0.4 

  800 

  80 

  20  

 

-  

 40 

  1:20  

110   4  

   

 

 

 

 

           

 (Flake)  (Micromilled powder) 

 (Solutions)  (Bead)  300-500  

   

 

   2 
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-    

, , , , , , , 

, -  (pH)  

 2.4 

 

 2.4   

   

 ( ) >106 (1-5)x105 (1-5)x10 

 ( ) 2-10 2-10 

  ( ) 6-7 7-8.4 

 ( ) <10 >60 

 900  ( ) <1.0 <1.0 

 1 

    1 (cP) 

 200-3000 

Dissociation constant (K ) 6.0-7.0 6.0-7.0 

X-ray diffraction peaks 8°58’-10 °26’ 

19°58’-20°00’ 

8°58’-10 °26’ 

19°58’-20°00’ 

Transition metals ( g/g) <5.0 <5.0 

 , 2544 

 

  2.5 

 

  3794 . . 2550 

 3795 . . 2550  
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 2.5  

  

  

 

-Infrared spectroscopy  

-First derivative UV-spectrophotometer  

-Nuclear magnetic resonance spectroscopy ( 1HNMR) and (13 

CNMR)  

-Conductometric titration  

-Potentiometric titration  

-Differential scanning colorimetry  

 

 

 

-Viscosimetry  

-Gel Permeation chromatography  

-Light scattering  

 -X-ray Diffraction  

 -Gravimetric analysis 

 -Gravimetric analysis 

 -Bradford method 

 Aranaz et al. (2009) 

 

 

 (Ultraviolet 

Spectrophotometer, UV) 

  

  Alkylidine  

Salicyldehyde  N-salicylidene  

Salicyldehyde  Salicydehyde       

 Salicyldehyde  255            
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    Contraction  

Fibroblast   (   , 

2547)     

  

 

 

  

-      

   

       

-            

 

  

-       

   

  Dzung and Thang (2002)   

Oligoglucosamine   

 2   20-30  

-                            

 Dien and Binh (1996)  

  1.6 1.8                     

 2   35-40      
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-    

    Nonwoven    

-    (Binder)                                

 (Thickener)  Polyester (Arab-Bahmani et al., 2000) 

   

 

-             

 25  PEG6000 0.20   0.75   0.25 

 87.24   

   

 

 

  

 

     

     

   (Lin and Chao, 2001)  

(Edible film)   

Spagna et al. (1996)  Phenolic 

 (Browning)   

        

 (Shahidi et al., 1999) 

   (Dye) 

  

 Ngah et al. (2002)  Adsorption  Cu(II) ions  Chitosan Cross-

linked chitosan beads (Cross-linked  Glutaraldehyde (GLA), Epichlorohydrin (ECH), 

Ethylene glycol diglycidyl ether (EGDE))   Cu(II) ions  1     

   Chitosan beads = 80.71 mg, Chitosan-GLA = 59.67 mg, Chitosan-

ECH beads = 62.47 mg  Chitosan-EGDE beads = 45.94 mg  Cu(II) ions       
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 Beads  Treat  EDTA  

Beads  

Annachhatre et al. (1996) 

 (Cu)  1 g  Cu  13 mg 

 1 mg/L  4  

pH  Cu  5.5-6.0 

 

 Oreochromis niloticus (  Tilapia nilotica) ( , 2548) 

 

   

  

  25  2508  50   

 

  17  2509  

 " "   10,000  

  

 15  

  

     

   

        

  10-30        

 2-3    1   

5-6  

 

 

    1, 2  3 

   7        

   

 



 
 
 

20 

 

 

 2552  210,021  

  2552  14,103.83   

1,153.20  ( , 2552) 

 10   

70    2 

 3  

    179,465 

   2551  183,295  2552  (  88    

)  

         

     

    

    2.6 

 

 2.6  (  : ,  : ) 

/  

 

  

    

 2551 1,442.70 135.40 1.50 0.50 

 2552 790.80 53.60 43.50 5.60 

 2552 974.20 49.10 53.70 3.20 

 

 2551  

(  

-32.50 -63.70 +35.80  +6.40  

 

 2552  

( ) 

+23.20 -8.40 +23.40 -42.90 

 

 



 
 
 

21 

   65  

 10  15  20  20 

 

  (Iqbal et al., 2005) 

 

 (Scales)  

 

         

          

    

    

  

 

-  (Placoid scale)  

     

-  (Cycloid scale) 

    

-   (Ctenoid scale)   

     

 

  (Cycloid scale)   (Ctenoid scale) 
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  (

47.87 )  (  49.01 ) (  , 2551)     

 Extracellular  Matrix  Type I  

 3   Calcium-deficient hydroxyapatite (Ca10(PO4)6(OH)2) 

 (Ikoma et al., 2003) 

       

 (Labeo rohita)  (Iqbal et al., 2005) 

 -               

 1   24  

  

 -  -           

 0.5  (1:1)    100   30  

 

                  -  

 1   100   30  

   50   4  

   52  

 

 

 

 

 



 
 
 

23 

 
 

 

  2.3  

 

 

 

  

         

   

   

  

  

 

 

 

1.  

      

10  100 1000  

      



 
 
 

24 

 

 

   

     

9,000 psi  

  

  

   

 

2.   

    

          

      

   

   

 (Glutenin)  25  (Gliadin)  75 

   

                     

 

 (Zein)      
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3.  

 

   

  

  

            

    

  Water activity           

 

 

4.  

  

  

   

 

 

 2   1  2 (

)  4              

(  , 2550) 
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  ( ) 

 

  10   

  

   Escherichia coli  

 Saccharomyces cerevisiae 

  

 Saccharomyces cerevisiae 

 6  ( , 2551) 

 

 

 

 

   Plasticizer  

 

 (Gelatin) 

    

  (Hydrolysis) 

     

     

  

 1,000  

    

  Bloom strength      

 Bloom strength  50-300  Bloom strength 

 Bloom strength   2.7 
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 2.7  

 

 

 1 ( )  25  

Type A pH= 3.8-6.0 

Type B pH= 5.0-7.4 

  9-11 

 
 :     (  95)   

 :     

 

    

   

 

 (Glycerol) 

  (  2.4) 

   C3H8O3 

 1, 2, 3-Propanetriol     

290   17.9   0.6   

  

 

 
 

      2.4    

 

    

  Propylene 

   4    (Chemical grade), 
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 (Dynamite grade)  (Technical grade) 

 (Pharmaceutical grade) 

               

  

 Plasticizers  

  

      

 

 

  (Lemon Grass oil)    

 (Lemon Grass, Lapine)    ( ) 

 ( )   ( )   ( , - )  ( -

)  Citronella citratus   

1       ( )   

     30-60   1-2 

    ( , 2553)

   

  

 

 

 (Okamoto and Okada, 2005)  

  (Carlini et al., 1986)  (Viana et al., 2000; 

Lorenzetti et al., 1991)   

 

  1,000  2,000  

 T. mentagrophytes  M. gypseum  100 (Dubey and Mishra, 

1990; Onawunmi, 1989)  

 (MIC; Minimum Inhibitory Concentration) 

 0.08   Citral, Citronellal, Citronellol Geraniol        

 



 
 
 

29 

 Dipentene, Myrcene, Limonene  (Onawunmi, 1989) 

 Emulsion  Nanocapsule 

 E. floccosum, Microsporum canis T. 

Rubrum   (Rauber et al., 2004) 

 

      

 4   Epidermophyton floccosum Microsporum gypseum,            

T. mentagrophytes, T.  rubrum  Agar diffusion           

 20   

 (MIC; Minimum Inhibitory Concentration) 

 5, 10, 10  20   250 

 

 (MIC; Minimum Inhibitory Concentration)          

  62.5, 125, 125  250  

  1,000    

  50  

 1,000   

    Citral  (  , 

2532) 

 

 

       

 1    2      

    Amylase   

(Leite et al., 1986) 

 

 

 

   

   (2550)  



 
 
 

30 

 

  

 2 ( ) 

 1 ( ) 

  

   

 1 ( )  

 2 ( )   

  

 1 ( )  

2 ( )  2 

( )  

    

1.5:0.5, 1.5:1.0, 2.0:0.5  2.0:1.0  

 1.5:2.0, 1.5:3.0, 2.0:2.0  2.0:3.0  

 1.5:0.5    

1.5 

 1.5  -    

 400               

           

     

  

  Differential Scanning Colorimeter  

  

 

  

  

   

   ( , 2551) 
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1.  (Solvent casting)  

     

     

 

  

  30  

 (  13.5 )  40   

42  48    ( , 2551) 

2.  (Extrusion)  

 (Die)  

    

3.  (Compression)  

   

   (Zein)  

 

 

 

1.  (Tensile properties) 

   

 

 

  (Tensile strength) 

  MPa  = /
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 (% Elongation) 

             

 = ( x100) /  

 

2.  

 

   

 (Water Vapor Transmission Rate , WVTR) 

 

 

 

WVTR= [( w/ t)/A] 

  w/ t =  

  A           =  

 

  

 

   WVP = (WVTR x L)/ P 

  WVTR =  (Water vapor transmission rate) 

  L           =  (m) 

  P       =  Partial vapor pressure  (Pa) 

 

3.  

 

 (Oxygen transmission rate; OTR) 

 (  73  

(23 ))  0  cc/100 in2/24 hr 

 US  cc/m2/24 hr  metric (  SI) 

 

 OTR  1 cc/100 in2/24 hr (15.5 cc/m2/24 hr) 
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Plasticizers   

 

    

 

 

 

 
 

 2.5  
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-   

 

-  

   

-      

   

  

-    

  

    

-     

 

 

 

  

        

               

      

      

     (  , 2548) 

 

    

 

 

   

Kelanal  Gelamal    ( )

       

  ( )   
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   Caramel 

    

"  

  ... 

  Caramel   

  " 

 

  

  15-30  

     

 

    

    

      

 

 

 

 

 

 


