
 

 4 

 

 

         

 3   

 

 1 

 

 

 1.1  

 

        

 100   

60  12  

  Central Composite Design 

 2    2-8   60-80          

 

 1 : 6  180   5  

  pH meter  

  4.1 
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 4.1  
                         

 
         

      

( ) 

: X1       

 

( ) 

: X2 

 

   

    

    

( ) 

      

( ) 

2.00 (-1) 60.00 (-1) 40.88 ± 0.13 59.14 ± 0.13 

8.00 (+1) 60.00 (-1) 32.90 ± 0.14 67.13 ± 0.14 

2.00 (-1) 80.00 (+1) 32.05 ± 0.08 67.97 ± 0.08 

8.00 (+1) 80.00 (+1) 34.45 ± 0.07 65.58 ± 0.07 

0.76 (-1.414) 70.00 (0) 49.22 ± 0.25 50.80 ± 0.25 

9.24 (+1.414) 70.00 (0) 33.57 ± 0.08 66.47 ± 0.08 

5.00 (0) 55.86 (-1.414) 32.56 ± 0.16 67.47 ± 0.16 

5.00 (0) 84.14 (+1.414) 31.10 ± 0.13 68.92 ± 0.13 

5.00 (0) 70.00 (0) 33.14 ± 0.10 66.88 ± 0.10 

5.00 (0) 70.00 (0) 32.64 ± 0.04 67.38 ± 0.04 

 
 

   50.80-68.92 (  4.1)     

 P 0.05 (  4.2)           

 

 

 

 

 4.2 
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Overlay Plot

NaOH (%) 

Temperature (°C) 

2.00 3.50 5.00 6.50 8.00
60.00

70.00

75.00

80.00

Deproteinization  65.00 % 
22

 Deproteinization    65.00 % 

 NaOH                       4.20 % 

 Temperature           60   °C

 4.2     

 

 

                                               R2 
 (p) 

 ( ) 

=+12.14+11.94 (X1) +0.55 (X2)    

  - 0.47(X1)
2-0.07 (X1) (X2) 

0.8355 

 

0.0339 

 

 

 X1   ( )   

X2    

 

 No and Meyers (1997)            

  

 1-10   65-100        

 Domard and Chaussard (2002)     

  

  

 

 

 

 

 

 

 

 

 

 

 

 4.1  (Optimization)                               
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 (  4.1) 

 (P 0.05) (  4.2) 

 (Optimization)  

 (Response surface methodology)  

(P 0.05) (  4.2) 

 4.1 

 

 5  

 

   (X1)  4.2  

 (X2) 60                  65.09 

 

 

 1.2  

 

 

  (  1.1)  30 

   Central Composite Design        

 2    2   

 30-60   6-15   

 2   1 : 6 

 180  

 pH meter        

  4.3 
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 4.3  
 2   

 

 2  ( )  

: X1 

        

( ) 

: X2 

         

( ) 

30.00 (-1) 6.00 (-1) 20.39± 0.04 

60.00 (+1) 6.00 (-1) 23.40± 0.04 

30.00 (-1) 15.00 (+1) 16.35± 0.18 

60.00 (+1) 15.00 (+1) 19.51± 0.51 

23.79 (-1.414) 10.50 (0) 16.48± 0.10 

66.21 (+1.414) 10.50 (0) 28.13± 0.63 

45.00 (0) 4.14 (-1.414) 18.27± 0.19 

45.00 (0) 16.86 (+1.414) 15.60± 0.08 

45.00 (0) 10.50 (0) 5.07± 0.06 

45.00 (0) 10.50 (0) 4.93± 0.02 

 

 

 4.3   15.60-28.13 

 P 0.05 (  4.4)  2 

 

 2   

 Iqbal et al. (2005)  

 1   24  

  

 

   4.2 

 4.4 
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30.00 37.50 45.00 52.50 60.00
6.00

   8.25

  10.50

  12.75

  15.00

Demineralization  20 % 
22

  Demineralization 20 % 
      HCl                       52 % 
     Time                        6   h

     Tim( h)

        HCl (%) 

Overlay Plot

 4.4  2   

 

 

                                                   R2 
 (p) 

( ) 

=+37.10 - 0.94 ( X1) - 0.33  (X2)      

  +  0.01 (X1)
2 

0.8871 0.0030 

 

 

 X1  2  ( )   

X2    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   4.2   (Optimization)    

   2   
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 (  4.3)  

 (P 0.05) (  4.4) 

 (Optimization)   

(Response surface methodology)  (P 0.05) 

(  4.4)    

  2  (X1)  52   (X2) 

6  20.29  

 

 1.3  

 

 (  1.1) 

 (  1.2)  -      

  Central Composite Design 

 2   45-60 

  80-120  

  1 : 6 

 180   2   

 pH  

 UV Spectrophotometer  (Tao and Svetlana, 

2008)  4.5 
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 4.5  
  

 

           

         

( )             

: X1 

  

( )     

: X2 

    

 

( ) 

 

         

( ) 

45.00 (-1) 80.00 (-1) 99.64± 0.02 15.46± 0.24 

60.00 (+1) 80.00 (-1) 99.82± 0.01 17.72± 0.12 

45.00 (-1) 120.00 (+1) 99.77± 0.01 15.41± 0.34 

60.00 (+1) 120.00 (+1) 99.82± 0.01 18.59± 0.48 

41.89 (-1.414) 100.00 (0) 99.62± 0.01 15.31± 0.29 

63.11 (+1.414) 100.00 (0) 99.82± 0.01 19.11± 0.42 

52.50 (0) 71.76 (-1.414) 99.80± 0.01 16.15± 0.46 

52.50 (0) 128.28 (+1.414) 99.80± 0.01 16.93± 0.22 

52.50 (0) 100.00 (0) 99.78± 0.01 16.83± 0.18 

52.50 (0) 100.00 (0) 99.78± 0.01 15.91± 0.09 

 
 

    

   

99.62-99.82  15.31-19.11   (  4.5)  

 P 0.05 (  4.6)      

 

  

 Iqbal et al. (2005) -

 1   100   30  

 52  
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No and Meyers (1997)  -           

 45     

  

 4.3 

 4.6 

 

 4.6   

 

 

   R2 
 (p) 

( ) 

=+96.49 + 0.09 (X1) + 0.01 (X2) - 5.95 x 10-4(X1)
2- 

2.14 x10-4 (X1)(X2)                    

 

0.9407 

 

0.0029 

 

 

    

( ) 

=+23.80-0.51(X1) +0.01(X2) + 6.54 x10-3 (X1)
2         0.9601 0.0001 

 

 X1   ( )   

X2    
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45.00 48.75 52.50 56.25 60.00
80.00

90.00

  100.00

 110.00

120.00

DD             99.81 %

      Chitosan        18.00 g

22

 DD                   99.75  % 
 Chitosan          18.01 g
 NaOH               58     %

Temperature (°C) 

NaOH (%) 

  Temperature   120   °C

Overlay Plot 

 

 

 

 

 

 

 

 

 

 

 

 

 4.3  (Optimization)  
   

 
 

 (  4.5)  

 (P 0.05) (  4.6)  

(Optimization)   (Response 

surface methodology)  (P 0.05) (  4.6) 

  

 (X1)  58   (X2) 120   2 

  99.81  18.01 

 

 70 

    1.61  2.42  

 

 10            
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 1 ( :

, 2550)  

 

   

   

   

 0.00-1.45  4.7 

 

 4.7    

  

 

 

  * (%) 

 65.00 65.09 0.14 

 20.00 20.29 1.45 

( ) 99.75 99.81 0.06 

( ) 18.01 18.01 0.00 

*  (%) = (  - )/  x 100  

 

  FTIR 

     

   4.4  4.5 

Transmittance             

      

 C = O Stretching  Amide  1642 - 1650 cm-1  Amide anion 

, Aminestretching (NH2)  1568 – 1603 cm-1  C – O  Alcohol stretching 

 1149 - 1159 cm-1  C-O-C  Memberedring stretching             

1017 - 1061 cm-1  OH  NH Stretching  3345 – 3447 cm-1

 4.4  4.5  Stretching 
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 4.4   Transmittance    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.5  Transmittance  
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 2  

 Mixture design    3  

-  1 ( )  

1                              

 40  50 ( ) 

-   1 5 ( ) 

-   0  

5 ( ) 

  

-   15 ( ) 

-    35 ( ) 

 60  

  Silk Screen Cloth 

  0.06 

  50   1  

  4.8 
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 4.8  1 (  

)  1   

 

 

      

      

( )         

: X1* 

       

 

( )        

: X2 

     

 

( )         

: X3 

 

( ) 

      

         

(

) 

 

(

/

/24 ) 

 

( /

.24 

) 

44 1 5 1.33 23.89 6.1 19.57 

42 3 5 18.55 24.46 8.77 13.51 

49 1 0 1.56 56.68 3.23 26.22 

42.5 5 2.5 53.22 4.89 7.39 11.00 

40 5 5 70.33 8.19 11.11 8.70 

45 5 0 52.89 7.62 6.53 11.91 

46.5 1 2.5 1.22 54.56 3.62 21.92 

47 3 0 13.78 17.23 6.37 17.51 

44.5 3 2.5 24.78 32.15 5.54 13.98 

45.75 3 1.25 20.11 17.66 5.72 15.41 

49 1 0 45.22 37.87 3.53 27.56 

45 5 0 50 7.01 6.74 12.52 

 *  1 ( )  1       

 

 1 ( )               

 1  

         

1.22-70.33 7.01-56.68   (  4.8)  

  P 0.05 (  4.9)           

 1 ( )  1 
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 (  4.9)  Zhong and Xia 

(2008)   Plasticizer  

  

 Mali et al. (2006)    Plasticizer  

    (Bangyekan et al., 2006)  

  

 1 ( )  1      

   

  3.23-11.11                       

/ /24  8.70 – 27.56 / .24   

(  4.8)  

 P 0.05 (  4.9)  1 (

)  1 

  

 

 

 (  4.9)  

Plasticizer   

(Kolodziejska and Piotrowska, 2007 ; Pereda et al., 2007) Butler et al. (1996) 

 

 Plasticizer  Bangyekan et al. (2006) 

        

 

 (  1 

( )  1  

)  (  )                  
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  R2 (Coefficient of determination)  

   

   1 (

)  1  

  

 

 4.9  

 

                                                  R2 
 (p) 

   ( ) =+0.53 (X1) + 116.00 (X2) - 7.24 

(X3)     

    - 2.48 (X1)(X2) 

0.8003 0.0036 

 (

) 

=+1.07 (X1) - 8.01 (X2) + 0.15 (X3) 0.7618 0.0016 

 

 (

/ /24 

) 

 

=+0.04 (X1) + 1.00 (X2) + 0.68 

(X3) 

0.8724 <0.0001 

( / .24 

) 

 

=+0.57 (X1) - 2.63 (X2) - 0.47 (X3) 0.9450 <0.0001 

 X1   1 ( )  1   

X2    

X3    

 



  

67 

Chitosan(% (w/w)) 

 49.00

 Glycerin (% (w/w))
10.00

Lemon grass(% (w/w)) 

 

9.00

0.00

1.00

40.00

Overlay Plot

2 2 

Elongation 18.00 % 
Tensile Strength 27.10 MPa
GTR: 6.32 cm3/m2/24 hours
WVTR: 16.21 g/m2.24 hours
Chitosan 44.20 % (w/w) 
Glycerin 2.60 % (w/w) 
Lemon grass

 
3.20 % (w/w) 

Elongation 18.00 % 

WVTR 18.00 g/m2.24 hours 

GTR 6.00 cm3/m2/24 hours 

Tensile Strength 15.00MPa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.6  

 12  Mixture design 

 

  12  Mixture design 

   

  

(Mixture Response Surface)  1 (

)  1                       

(  4.6)    1 (

)  1  

 44.20, 2.60  3.20    4.6  (

)   
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 17.12, 27.03 , 

6.53 / /24   16.21 / .24   

 

 

   

 0.00-4.89  4.10 

 

 4.10 

 

 

 

  * (%) 

   ( ) 18 17.12 4.89 

 ( ) 27.01 27.03 0.07 

 

( / /24 ) 6.32 6.53 3.32 

( /

.24 ) 16.21 16.21 0 

*  (%) = (  - )/  x 100  

 

  1 ( )                            

 1  

 Penicillium  

Potato dextrose agar (PDA)   12  Penicillium 
 1 (  4.7)  2 (  4.8)  

3  1, 2, 5, 7, 9   4, 10, 11 12 

 25   6 

 50   3 8 

 50  (  4.9)  4  2 12 
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 50   4, 6, 10 11 

 50   9 

 25   1, 5 7  

(  4.10)  5  1 7   

5 9  25  (  4.11) 

  1 ( )                  

 1  

 Penicillium  1 ( )         

 1  Penicillium 

 50  4  Adegoke and Odesola 

(1996)  Aspergillus flavus, A. 
fumigatus, Microphomina phaseoli  Penicillium chrysogenum  
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 4.7  12  Penicillium 

 1 ( )  

 1    1 
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 4.8  12  Penicillium  

 1 ( )  

 1    2 

 

 



  

72 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.9  12  Penicillium  

 1 ( )  

 1    3 
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 4.10  12  Penicillium  

 1 ( )  

 1    4 
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 4.11  12  Penicillium  

 1 ( )  

 1    5 



  

75 

 3 

 

 

   2   5   1      

  25 

  15   3  

 4.11 

 

 4.11  

 

 

 

                      

(  1 ) 

                            

(  1 ) 

0 0 0 

3 300 0 

6 1600 0 

9 2000 0 

12 3300 500 

15  5000 1200 

 

 

         

  25  

  Potato dextrose agar (PDA) 

  

  300  1  3 

  500   1 

 12 (  4.11)  
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 100 

 1  ( , 2548)             

      

 12 3       

 9  

 

 

 

 

 

 

 

 

 

 

 

 4.12   0 

 

 

 

 

 

 

 

 

 

 4.13                            4.14  

 3                                           3        
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 4.15                           4.16  

 6                                           6                                         

 

 

 

 

 

 

 

 

 

 4.17                           4.18  

 9                                          9                                         

 

 

 

 

 

 

 

 

 4.19                          4.20  

 12                                        12                                       
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 4.21  15 

 

   

 100 

 1   4.12 

 

 4.12 

 100  

 /   

( ) 

/

 

( / /

) 

 

 ( ) 

 

-  100  

 

-  1000  

-  

/  

- Hot Plate Stirrer ( ) 

-  ( ) 

 

 

- 

 

266 

350 

 

4.32 

22.14 

25 

 

- 

 

94.80 

15.52 

 

420 

1860 

180 

 

0 

 

25.21 

2.17 

 

30.24 

686.34 

75 

 1    818.96 

  1   1000  

1   2500  
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 100  

  18     818.96    

   

 

   

 

 

     

 99.81          

 70 

( : , 2550) 

 

 

  


