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 3 
 

 
 

 
 
  

 ( ) 
 

 
 (Sodium hydroxide; NaOH, Merck, Germany) 

 (Hydrochloric acid; HCl, Merck, Germany) 
 

 
 

  100, 500, 1000  2000  
 

 

 

 4  (Vibra, AF-R220E, Japan) 

 3  (Mettler-Toledo: Model PB153, Switzerland) 
 Magnetic stirrer 

 
 (Micro Pipette) 

 
Silk Screen Cloth  

 (Hot air oven, Memmert: Model 100-800, English) 
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-  (EUTECH Instrument, Cyber scan pH 510, 

Singapore, 2002) 

 

   
  100, 500, 1000  2000  

  10, 100  500  
 (Spectrophotometer, Shimudzu: Model UV-1800, 

Japan) 
 (Micro Pipette) 
 

 

 (Water bath, Memmert: Model UNB400, USA) 
 4  (Vibra, AF-R220E, Japan) 

 3  (Mettler-Toledo: Model PB153, Switzerland) 
 

   
 (Acetyl-glucosamine; GlcNAC, Sigma-Aldrich Chemie 

GmbH, Germany) 
 (D-glucosamine hydrochloride; GlcN Sigma-

Aldrich Chemie GmbH, Germany) 
 

 (Hydrochloric acid; HCl, Merck, Germany) 
 

 
 

 (Lactic acid; C3H6O3, Univar, Germany) 
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 (Lemongrass essential oil ; Suppaya, Thailand) 

 

 
Silk Screen Cloth  

 

 4  (Vibra, AF-R220E, Japan) 

 3  (Mettler-Toledo: Model PB153, Switzerland) 
 Magnetic stirrer 

 
 (Micro Pipette) 

  100, 500, 1000  2000  
 

 

 
  100, 500, 1000  2000  

 (Tensile strength)  (% Elongation) 

(Instron, : Model 5565, U.S.A.) 
 (M & E Development 

center : Model VAC-V1, China) 
 

 
 

 4  (Vibra, AF-R220E, Japan) 

 3  (Mettler-Toledo: Model PB153, Switzerland) 
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 (Triple T, Thailand) 

 

 (Triple T, Thailand) 

 

 

 
  

 

 

 

 
 

 

 4  (Vibra, AF-R220E, Japan) 

 3  (Mettler-Toledo: Model PB153, Switzerland) 
  100, 500, 1000  2000  

 70 

 

 (graduated pipette)  1 10  
  100, 500, 1000  2000  

 (Micro Pipette) 
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 (Plate) 

 (Tube) 

 

 

 
 (Potato dextrose agar; BD Becton Dickinson, France) 

 
 

 
 (Personal computer) 

 Design-Expert version 7.1.6 

 SPSS for windows version 13.0 

 Microsoft Excel version 2003  
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 60  

 12  100  

(Deproteinization)  pH   

(Demineralization)   pH       

   (Deacetylation)        

 pH   

              

 3.1  3.2 

 

 

                                                               

                                                     100  

                                                                

 

                                                          Deproteinization                                   

                                                                                                          

         pH  

                                                           Demineralization                                 

                                                                                                             

          pH  

 

                                                                    

 

 

 3.1   
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                                                              Deacetylation                                     

                                                                                                            

             pH  

                                                                  

 

 

        
                                                                  

                                                              

 

 

                                                              

                                                            

 

 

 

      
 3.2   
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 3   

 

 1  
 

 
 1.1  (Deproteination)  

 

 

 

 

  60   12 

 100    Central Composite Design 

 

 

1.    2 (

)  8 ( ) 

2.    60   80  

    
  

3.1  
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 3.1  

 

  
-1.414 

(- ) 

-1 0 +1 +1.414 

(+ ) 

                

( ) 

0.76 2 5 8 9.24 

 ( )  55.86 60 70 80 84.14 

 
                  Central         Composite  

Design  3.2 

 
 3.2   Central Composite Design  

  

 

 
 

 
 

               
( ) 

  
( ) 

1 (1) 2.00  60.00  

2 a 8.00  60.00  

3 b 2.00  80.00  

4 ab 8.00  80.00  

5 - a 0.76  70.00  

6 + a 9.24  70.00  

7 - b 5.00  55.86  

8 + b 5.00  84.14  

9 Cp1 5.00 70.00  

10 Cp2 5.00  70.00  

 

 



 

 

 

45 

 

 1 : 6  180              

5    pH meter 

 
 

 1. 2  (Demineralization) 
 

  

 

 

 (  1.1)  

60   12  30   

 Central Composite Design  

 

1.  2   30 ( ) 

 60 ( ) 

2.  6   15  

 

   

3.3  
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 3.3  2   

 

  
-1.414 

(- ) 

-1 0 +1 +1.414 

(+ ) 

  

 2       

( ) 

23.79 30 45 60 66.21 

 ( )  4.14 6 10 15 16.86 

 

  Central Composite Design 

 3.4 

 

 3.4  Central Composite Design  

 2   

 

 
 

 
 

 
2  ( ) 

 ( ) 
 

1 (1) 30.00  6.00  

2 a 60.00  6.00  

3 b 30.00  15.00  

4 ab 60.00  15.00  

5 - a 23.79  10.50  

6 + a 66.21  10.50  

7 - b 45.00  4.14  

8 + b 45.00  16.86  

9 Cp1 45.00  10.50  

10 Cp2 45.00  10.50  
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 2 

  1 : 6  180  

 pH meter        

  
 

  1.3  

 

 20   

 (  1.1)  (  1.2)  60 

  12   

 Central Composite Design  

 

1.  45 ( ) 

 60 ( ) 

2.  80   120  

 

 3.5  

 

 3.5  

 

  
-1.414 

(- ) 

-1 0 +1 +1.414 

(+ ) 

                  

 ( ) 

41.89 45 52.50 60 63.11 

 ( )  71.72 80 100 120 128.28 

 

  Central Composite Design 

 3.6 
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 3.6  Central Composite Design  

 

 

 
 

 
 

               
( ) 

  
( ) 

1 (1) 45.00  80.00  

2 a 60.00  80.00  

3 b 45.00  120.00 

4 ab 60.00  120.00  

5 - a 41.89  100.00  

6 + a 63.11  100.00  

7 - b 52.50  71.76  

8 + b 52.50  128.28  

9 Cp1 52.50  100.00  

10 Cp2 52.50  100.00  

 
 

 

 1 : 6  180   2  

  pH  

 UV Spectrophotometer 

 (Tao and Svetlana, 2008)  
 

  2    
 
2.1  

 Mixture design    3  

-  1 ( )  

1  40  50 ( ) 

-   1 5 ( ) 
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-   0 

 5   ( ) 

  

-   15 ( ) 

-    35 ( ) 

   Mixture design  

  3.7 

 

 3.7  Mixture design   

1 ( )  1   

 

 

       ( )* 
      
 

( ) 

  

 
( ) 

      
 

( ) 

      
 

( ) 

1 44 1 5 15 35 

2 42 3 5 15 35 

3 49 1 0 15 35 

4 42.5 5 2.5 15 35 

5 40 5 5 15 35 

6 45 5 0 15 35 

7 46.5 1 2.5 15 35 

8 47 3 0 15 35 

9 44.5 3 2.5 15 35 

10 45.75 3 1.25 15 35 

11 49 1 0 15 35 

12 45 5 0 15 35 

 *  1 ( )  1                
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 60  

  Silk Screen Cloth 
  0.06 

  50   1  

   

1.  Instron universal     

      testing machine (ASTM, 2002) 

2.    (Jo et al., 2004) 

3.    (Qiu and Wen , 2008) 

 Optimization  

   

2.2  (  , 2548) 

 2.2.1   Penicillium     stock culture 

 Slant  PDA  30   7  

 Dioctyl Sulfosuccinate  0.05  10   

(Serial Dilution)  Peptone  10-3 CFU/ml  

 2.2.2    (  6.1)  1   PDA 

pour plate 

 2.2.3   

2.5x2.5   (Plate)  2.2 

 25   5  

 Penicillium             
 

                                                                            
 3  

   2   5   1  

  25   15                     

   3  (AOAC, 1999) 

 

 


