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50  40-45  BPA 25%, 50%  75% 

 50-55  L*  19.98, 20.10  19.43  45-50 

 L*  20.02, 20.54  20.64  40-45  L* 

 19.20, 19.32  19.82  L* 

50-55  45-50   40-45 

L*  50-55, 45-50  40-45 

 L* 

 C* 

 (p=0.05) 

 BPA 25%, 50%  75%  40-45  45-50 

 50-55 

C*  63.64  40-45  C*  70.82, 68.94  69.02 

 45-50  C*  70.44, 73.40  73.44  50-55

 C*  71.06, 71.82  72.68  (  4.6)  C* 

 45-50  C* 

  50-55   40-45   (

4.6)  C* 

 h
o

 h
o

31.84

(  4.6)  (p=0.05) 

 50-55  BPA 25%   h
o

  15.60 

 (p=0.05)  50-55 

BPA  50%  75%  45-50   BPA  25%, 50%  75% 

40-45   BPA  25%, 50%  75%  50-55  BPA 50% 

 75%  h
o

 16.86  17.10  BPA 25%, 50%  75%  40-45 



 h
o

 20.72, 20.12  20.80  BPA 25%, 50%  75%  45-

50   h
o

 19.76, 19.68  20.40  (  4.6) 

  h
o

 40-45, 45-50  50-55 

 h
o

  40-45, 45-50   50-55  h
o

 40-45  h
o

 45-50 
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  4.6c  h
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  T1, T2, T3  40-45
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C, 45-50
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o
C, B1, B2, B3  BPA 25%, BPA 50%, BPA 75% 



4.1.3   aw

  aw

 7  aw

 0.331 (  4.7)   (p=0.05) 

 BPA 25%, 50%  75%  50-55 

 aw  0.280, 0.286  0.290  40-45  aw

 0.349, 0.360  0.366  (   4.7)  aw

 (p=0.05)  aw

 45-50  BPA 25%, 50%  75%  aw

0.329, 0.338  0.342  (  4.7) 

 aw

 50-55  aw

 aw  0.341 (

4.7)  (p=0.05) 

  45-50   BPA  25%, 50%  75%  aw

 0.345, 0.347  0.349  (  4.7) 

(p=0.05)  BPA 25%, 50%  75%  40-45  50-55 

 40-45  aw  0.367, 0.378  0.381  50-55 

 aw   0.283, 0.303  0.304  aw

  45-50  aw

 45-50  aw

 aw  40-45 

aw

  aw  0.598 (

4.7)  (p=0.05) 

 BPA 25%, 50%  75%  40-45  45-50 

  40-45   aw   0.611, 0.617  0.644

 45-50   aw  0.578, 0.593  0.616 

 aw  (p=0.05) 

 50-55  BPA 25%, 50%  75%  aw  0.534, 0.549 



 0.537  aw

 50-55  aw  40-45  aw

 aw

 aw

 aw

  4.7   aw

BPA

 7 

 aw

BPA 25%   40 0.349ab 0.367ab 0.611ab

40-45
o

BPA 50%   45 0.360a 0.378a 0.617ab

BPA 75%   52.5 0.366a 0.381a 0.644b

BPA 25%   35 0.329c 0.345c 0.578ab

45-50
o

BPA 50%   35 0.338bc 0.347bc 0.593ab

BPA 75%   40 0.342bc 0.349bc 0.616ab

BPA 25%   25 0.280d 0.283e 0.538c

50-55
o

BPA 50%   25 0.286d 0.303d 0.549c

BPA 75%   25 0.290d 0.304d 0.537c

 7 0.331c 0.341c 0.598ab

CV(%) 3.65 3.89 8.41

  95% 



4.1.4

 7 

 1.13  BPA 

25%, 50%  75%   40-45  1.16, 1.13  1.04

 45-50  1.17, 1.04  1.16 

 50-55   1.05, 1.19  1.04

  (p=0.05) (  4.8) 

 1.40 

 (  4.8)  (p=0.05) 

 BPA 25%, 50%  75%  40-45, 45-50  50-55 

 40-45  1.35, 1.29  1.31 

 45-50  1.49, 1.38  1.08 

 50-55   1.13, 1.74  1.54 

(   4.8)

 2.18 

 BPA 25%, 50%  75%  40-45   2.07, 

1.88  2.10  45-50  2.29, 2.03

2.23   50-55  1.67, 1.64  1.59 

 (  4.8)   (p=0.05)



  4.8 

 BPA 

 7 

 ( )

 40-45
o

  BPA 25%   40 1.16a 1.35a 2.07a

 40-45
o

  BPA 50%   45 1.13a 1.29a 1.88a

 40-45
o

  BPA 75%   52.5 1.04a 1.31a 2.10a

 45-50
o

  BPA 25%   35 1.17a 149a 2.29a

 45-50
o

  BPA 50%   35 1.04a 1.38a 2.03a

 45-50
o

  BPA 75%   40 1.16a 1.08a 2.23a

 50-55
o

  BPA 25%   25 1.05a 1.13a 1.67a

 50-55
o

  BPA 50%   25 1.10a 1.74a 1.64a

 50-55
o

  BPA 75%   25 1.04a 1.54a 1.59a

 7 1.13a 1.40a 2.18a

CV(%) 28.21 29.10 26.30

  95% 

4.1.5

 7 

 8.41 (  4.9) 

 BPA 25%, 50%  75%  40-45 

  6.88, 6.83  6.84  45-50  7.10, 7.14 

7.16  50-55  5.02, 4.96  5.04  (

 4.9)



 (p=0.05)

 8.51  BPA 25%, 50% 

75%  40-45  6.78, 6.80  6.79  45-50 

 7.34, 7.61  7.66  50-55 

 6.05, 6.06  5.94  (  4.9) 

 (p=0.05)

 8.14 (  4.10)   (p=0.05) 

 BPA 25%, 50%  75%  40-45, 45-50  50-55 

40-45  6.81, 6.76  6.78  45-50 

 7.16, 6.96  6.86  50-55 

4.69, 5.03  4.96  (  4.9) 

 (p=0.05) 



  4.9

 BPA 

 7 

       BPA 25%   40 6.88c 6.78d 6.81d

40-45
o

BPA 50%   45 6.83c 6.80d 6.76d

  BPA 75%   52.5 6.84c 6.79d 6.78d

BPA 25%   35 7.10b 7.34c 7.16b

45-50
o

BPA 50%   35 7.14b 7.61b 6.96c

BPA 75%   40 7.16b 7.66b 6.86bc

BPA 25%   25 5.02d 6.05e 4.96d

50-55
o

BPA 50%   25 4.96d 6.06e 5.03d

BPA 75%   25 5.04d 5.94e 4.96d

 7 8.41a 8.51a 8.14a

CV(%) 1.45 2.22 1.21

4.1.6

 BPA 25%, 50%  75% 

 40-45  30, 30.42  36.27 kW-hr 

 45-50  31.88, 28.91  31.20 kW-hr 

 50-55  25.60, 24.75  23.48 kW-hr 

(  4.10)  50-55 

 BPA 25%, 50%  75%  40-45 

 30.00, 30.42  34.70 kW-hr  50-55 



 20.48, 19.80  19.56 kW-hr 

 50-55 

 BPA 25%, 50%  75%  50-55 

 20.48, 19.80  19.56 kW-hr  45-50 

 22.77, 21.60  23.40 kW-hr  40-45 

 26.25, 27.04  29.36  kW-hr

 (  4.10)  40-45 

  4.10

 BPA 

 (kW-hr) 

BPA 25%   40 30.00 30.00 26.25

40-45
o

BPA 50%   45 30.42 30.42 27.04

BPA 75%   52.5 36.27 34.70 29.36

BPA 25%   35 31.88 27.33 22.77

45-50
o

BPA 50%   35 28.91 25.92 21.60

BPA 75%   40 31.2 29.78 23.40

BPA 25%   25 25.60 20.48 20.48

50-55
o

BPA 50%   25 24.75 19.80 19.80

BPA 75%   25 23.47 19.56 19.56



4.2

 4.2.1  

 3  40, 45, 50  55 

 7 

 7  4.11  4.13 

 11.34% ( )  11.04% (

)  43.24% ( )

 40, 45, 50  55 

 45, 35, 30  25 

 11.42%, 11.00%, 11.89%  10.83% ( )  (  4.11) 

 40, 30, 25  20 

 11.36%, 11.49%, 11.34%  10.69% ( )  (  4.11)

 30, 27.5, 22.5  15 

 43.72%, 43.85%, 42.39%  43.53% ( )  40, 45, 50  55 

 (  4.13) 

 55 

 10.83%-10.89%  10.69%-11.49% 

 42.39%-43.85% 
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 40 

 0.034 /

 55  0.067 /

(  4.14)  55 

 0.054 /  45  0.042 

/  40 

0.026 /  40, 45, 50  55 

 0.040, 0.049, 0.055   0.084   (   4.14)

 4.14 

 7 

 ( / )
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4.2.2

.

 L* 

 7  L*  68.78 (

 4.15)  40  L*  68.30 

 (p=0.05) 

(p=0.05)  L*  45, 50  55 

 L*  63.12, 60.72  62.08  L* 

 45, 50  55  L* 

 C* 

 C* 40.30 

(p=0.05)  55  40 

 C*  35.60  44.98  C*

 (p=0.05) 

 45  50  C*  41.58  39.88 

(  4.15)  C*  55   C*

 40  C*  C* 

 h
o

 (p=0.05) 

 h
o

 87.50 

40, 45  55   h
o

  88.38,  87.80   87.38  (   4.15) 

 (p=0.05)  50 

 h
o

 85.20  h
o

 50  55 

40  45   40  45  h
o

 40  45



  4.15

 7 

L* a* b* C* Hue angle

72.42a 0.57c 33.28c 33.29c 89.04a

  40
o

68.30b 1.24bc 45.00a 44.98a 88.38ab

  45
o

63.12c 1.62b 41.58b 41.58b 87.80ab

  50
o

60.72d 3.32a 39.76b 39.88b 85.20c

  55
o

62.08cd 1.62b 35.54c 35.60c 87.38b

 7 68.78b 0.90bc 40.24b 40.30b 88.72ab

CV(%) 2.18 66.20 6.19 6.22 1.49

 95% 
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.

 L* 

 7  L*  27.82 

 45, 50  55  L*  22.36, 22.12 20.68

 (p=0.05)  (p=0.05)

 L*  40  L*

 25.32  45, 50  55  L* 

 C*  C*  81.48 (  4.16) 

 (p=0.05) 

 55, 50, 45  40  C*  68.10, 69.02, 

67.24   70.74  (   4.16)  40, 45, 50  55 

 C*  40, 45, 50 

 55 

 h
o

 h
o

 31.84 

 (p=0.05) 

 55,  50, 45  40  h
o

 24.16, 26.40, 23.36  26.14 

 (  4.16)  h
o

 55, 50, 45  40  h
o

 55, 50, 45  40   h
o



  4.16

 7 

L* a* b* C* Hue angle

36.71a 60.04c 44.94a 75.06b 36.76a

  40
o

25.32c 63.42ab 28.76b 70.74c 26.14cd

  45
o

22.36d 62.78b 28.26b 67.24c 23.36d

  50
o

22.12d 63.58ab 30.14b 69.02c 26.40c

  55
o

20.68d 62.44b 26.82b 68.10c 24.16cd

 7 27.82b 65.80a 43.30a 81.48a 31.84b

CV(%) 4.80 2.98 7.71 4.47 7.16

 95% 
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o



.

 L* 

 7  L*  30.56 (  4.17) 

 (p=0.05) 

 45, 50  55  L*  31.42, 30.88  28.86 

 (  4.17)  (p=0.05) 

 40  L*  34.82 (  4.17)  L* 

 C*  C*  40.30 (  4.17) 

 (p=0.05) 

 40, 45, 50  55  C*  51.90, 49.68, 

54.42  47.34 (  4.17)  C* 

 h
o

 h
o

 13.22 (

4.17)  (p=0.05) 

 50, 45 40   h
o

 7.46, 7.34  10.02 

 (  4.17)  C* 

 (p=0.05)  55 

 h
o

 10.82  h
o

 h
o



  4.17

 7 

L* a* b* C* Hue angle

35.06a 61.10a 43.88a 75.26a 35.64a

  40
o

34.82a 51.08bc 9.04c 51.90cd 10.02cd

  45
o

31.42b 49.26cd 3.94d 49.68de 7.34e

  50
o

30.88b 53.90b 7.14c 54.42c 7.46de

  55
o

28.86b 46.46d 8.82c 47.34e 10.82bc

 7 30.56b 63.72a 14.06b 63.64b 13.22b

CV(%) 6.72 5.11 15.34 4.97 14.121

 95% 
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4.2.3  aw

 aw

 7 

 aw  0.331, 0.341  0.598  40 

 aw  0.517, 0.535  0.675  45  aw  0.485, 

0.462  0.598  50  aw  0.411, 0.407  0.576 

 55  aw  0.272, 0.277  0.494 (  4.18) 

 (p=0.05) 

 55  aw  40  aw

 aw

 aw

 aw

  4.18   aw

 7 

 95% 

 aw

  40
o

0.517a 0.535a 0.675a

  45
o

0.485a 0.462b 0.598b

  50
o

0.411b 0.407c 0.576c

  55
o

0.272d 0.277d 0.494d

 7 0.331c 0.341e 0.598b

CV(%) 4.80 7.75 6.46



4.2.4

 7 

 1.13  (  4.19) 

 (p= 0.05)  55 

 1.38  (  4.19) 

(p= 0.05)  40, 45  50 

2.27, 2.28  1.76  (   4.19)  55

 45 

 1.40 

(  4.19)  (p= 0.05) 

50  55  1.54  1.44 

 (p= 0.05) -

 40  45  2.03  2.01 

 40 

 45, 50  55 

 2.18 

 (  4.19)  (p= 0.05) 

 40, 45  50 

 2.23, 2.06  1.63  (p= 0.05) 

 55  55 

 40



  4.19 

 7 

  ( )

  40
o

2.27a 2.03a 2.23a

  45
o

2.28a 2.01a 2.06ab

  50
o

1.76ab 1.54ab 1.63ab

  55
o

1.38bc 1.44b 1.37b

 7 1.13c 1.40b 2.18a

CV(%) 24.39 22.70 28.67

 95% 

4.1.5

 7 

  8.41 (  4.20)   (p=0.05)

 40, 45, 50  55 

 4.12,  4.10, 4.54  4.32  (  4.20) 

 8.51  40, 45, 

50  55  4.08, 4.13, 4.07  4.13   (  4.20) 

 (p=0.05) -



 8.14 (  4.20)   (p=0.05)

 40, 45, 50  55 

 4.13, 4.10, 4.44  4.26  (  4.20) 

  4.20 

 7

  40
o

4.12c 4.08b 4.13c

  45
o

4.10c 4.13b 4.10c

  50
o

4.54b 4.07b 4.44b

  55
o

4.32bc 4.13b 4.26bc

 7 8.41a 8.51a 8.14a

CV(%) 2.77 1.35 2.56

 95% 

 45-50 

 7 

 (  4.13  4.14) 

 (  4.15) 



 4.13  7 

 4.14

  45-50 



.  40 .  45 

.  50 .  55 

 4.15  40, 45, 50  55 

4.3

 4.3.1 

 300  35 

1.  ( , 2547)    67,614

2.    20%

3.    5

4.    5%

5.  10% ( ,  2547) 

6.  3  1 



7.  1  210  2  35 

 1  105

8.  29.05 

9.  12 

10.  200 

11. 10.00

12.                                              3.62 

13.                                         0.83 kW/h

 4.20 

 208,545  15,622 

11,042  94,500  3,381 

 84,000  315,000  106,455 

 6.62 

 0.49, 0.35, 3.00, 0.10  2.66 

 180%  7.2



 4.21

( ) ( )

1. 15,622 0.49

2. 11,042 0.35

4. 94,500 3.00

5. 3,381 0.10

6. 84,000 2.66

208,545 6.62

1. 208,545

2. 315,000

3. 106,455

4. (%) 180 %

5. 7.2



4.3.2

 300  7 

1. 2   6

2.    400 

3.     100  2.5 

4.    3

5.  1  365  2 

 35  1  52 

6.  12 

7.  200 

8. 10

 4.22 

 128,800  20,294  46,800 

 42,000  156,000 

 27,200  6.99 

 1.30, 3.00  2.69 

 140 %   1   2



 4.22 

( )
 ( )

1. 20,294 1.30

2. 46,800 3.00

6. 42,000 2.69

7. 109,094 6.99

1. 128,800

2. 156,000

3. 27,200

4. (%) 140 %

5. 1   2

 4.23

( / )  ( )

. 1. 6.62 31,500

2. 6.99 15,600


