
 2551 

  3055 - 3728 

Development of Fruit and Vegetable Crispy Products Fortified 

with Calcium and Antioxidant 

. .       Assoc.Prof.Dr.Pairote Wiriyacharee 

  2551



 2551 

  3055 - 3728 

Development of Fruit and Vegetable Crispy Products Fortified 

with Calcium and Antioxidant 

. .          Assoc.Prof.Dr.Pairote Wiriyacharee 

         Miss Natthaphon  Chamuonwai

         Miss Salakjit  Boontakum 

            Mrs.Veerasak  Sanyatsamoot 

  2551



 Vacuum Impregnation 

 22 Factorial experiment in Central 

Composite Design with 2 center points  (Ideal ratio profile) 

 0.10  60 

 0.30  60 

 Vacuum Impregnation 

 34  - 0.27 

 20  - 0.46 



Abstract

 The quality development of production of crispy vegetables and fruits fortified with 

calcium and antioxidant from Rosemary were studied in order to study the amount of calcium, 

optimum concentration of glucose syrup solution together with vegetable and fruit soaking 

process using - optimum vacuum impregnation technology for processing of crispy fruits and 

vegetable products. The experiment using 22 Factorial experiment in Central Composite Design 

with 2 center points and the study of Ideal Ratio Profile were studied and the important sensory of 

fried pumpkin, carrot and zucchini products were color, flavor, sweetness and crispiness.         

The quantity of calcium and optimum concentration of glucose syrup solution were carried out 

and found that suitable conditions for pumpkin were 0.10% calcium and 60% glucose syrup come 

were used for carrot and zucchini. The experiments also showed that when pumpkin, carrot and 

zucchini were soaked in higher concentration of glucose syrup, the crispiness and shear force 

were higher as well. 

 Furthermore, soaking of fruits and vegetable using vacuum impregnation technology 

considering soaking times together with optimum vacuum pressure. Of was found that the 

optimum soaking time were 34 minutes at the vacuum pressure of -0.27 bar where as carrot and 

zucchini were soaked for 20 minutes at the vacuum pressure of -0.46 bar. These showed that the 

longer soaking time with higher vacuum pressure for pumpkin, carrot and zucchini affected their 

positive sweetness and crispiness. 
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(Pumpkin)

 Cucurbitaceae Cucurbita moschata Deane

Pumpkin, Winter squash, Cushaw  ( )  ( )

 ( )  (  - )  (  - )

 1 

 : , 2551 

 5 
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 ( , 2548) 

( , 2551) 
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 1  100 

 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

 1 ( )

 2 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

124.00

2.90

24.60

1.50

7.00

17.00

1.90

3,200

0.10

0.04

84.00

1.00

-

-

-

43.00

1.90

8.50

0.20

21.00

17.00

4.90

3,266

0.10

0.05

52.00

1.00

0.10

0.05

1.70

16.00

2.00

1.60

0.20

6.00

9.00

1.20

4,083

0.08

0.18

41.00

1.40

-

-

-

 : , 2551 
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 (Carrot) 

 Umbelliferae Daucus carota, L. 
Carrot, Bird' nest Root, 

Beesnest Plant  Queesnest Anne’s lace 

 2

 : , 2551 

 (Antioxidant)

 ( , 2551) 

 100  2 
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 2  100 

 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

 ( )

 (RE)* 

 ( )

 ( )

 ( )

 ( )

 ( )

37.00

1.60

6.80

0.40

1.00

68.00

1.20

1,166

41.00

0.80

0.04

0.05

      :  *RE 

 : , 2544 
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 (Zucchini) 

 Summer squash  Cucubitaceae 

 2 - 6 

4 - 5 

20 - 30  (Monoecious) 

( , 2551)

 3

 : , 2551 

/

 - 

-

 (Dextrose Equivalent)  D.E. 

 D(+)-glucose 

 D.E.  5 

1.  D.E.  20 

2.  D.E.  20 - 38

3.  D.E.  39 - 58  Standard grade

 D.E.  42 

4.  D.E.  49 - 65
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5.  (High Fructose)  D.E.  75 - 96

 D.E. 

 D.E. 

( , 2546) 

 (Calcium) 

 (Calcium)  Ca  20 

 50 

 99 

 (Calcitriol)  3 (  3 

)
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( , 2550) 

 20 - 40 

 - 

 700 

(Resorption)  (Formation) 

 ( , 2550) 

 3

( )

 - 9 100

 10 100 - 150 

 11 - 18 200 - 400 

 19 - 30 50 - 100 

 30 0

 : , 2550 
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 30 

 19 - 30 

 5 

 ( , 2550) 

 4  1 

 1  ( )

  0 - 6

  7 - 12 

210

270

  1 - 3

  4 - 8

500

800

  9 - 18 1,300

 19 - 50

  50

1,000

1,200

/ 1,200

 : , 2550 
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 5  100 

( ) ( ) ( ) ( )

2,392 1,312 630 800

2,167 436 141 165

1,339 247 126 204

926 661 118 99

1,100 570 245 80

965 415 178 67

630 650 171 115

601 30 160 36

592 481 158 110

541 7 156 190

469 - 155 11

429 14 152 23

395 40 151 224

387 7 146 30

354 26 140 40

335 342 137 11

245 500 125 340

 : , 2544

 ( , 2550)
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 (Calcium 

carbornate)  (Calcium gluconate)  (Calcium citrate) 

 (Calcium lactate)  (Calcium phosphate) 

 ( , 2550) 

 6  ( )

 ( )

40

9

21

38

 : , 2550 

 Vacuum Impregnation (VI) 

 Vacuum Impregnation  2 

1.

 Vacuum 

Impregnation
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Vacuum Impregnation  Vacuum 

Impregnation

 Vacuum Impregnation 

Gras et al. (2001)  Vacuum 

Impregnation

 Vacuum Impregnation 

 Calcium lactate 

 50  10 

 10 

 Energy dispersive      

X - ray microanalysis (EDXMA) 

 Xylem 

2.

 Vacuum Impregnation 

 Yanyun  and Jing. (2004) 

 Vacuum Impregnation 
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20 - <50

  Dehydrated  Food   50 - 75

 20 - 50 

  0.005 - 0.05

  Dehydrated  Food   0.05 - 0.2

 10 - 30  

 10 - 20

 Dehydrated Food 

 (Free radical chain reaction) ( , 2544) 

 ( , 2546)

(Antioxidant)

1.

 ( , 2545) 
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 (Madhavi et al., 1996) 

2.

 (Johnson et al., 1992) 

3.

 (Madhavi et al., 1996) 

4.

 (Antioxidant)

 (Autoxidation) 

( , 2545) 

 (Akoh and Min, 1998) 
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 1  25 - 30 

 (Joseph and Anthony, 1995) 

(Natural antioxidant) 

 (Madhavi et al., 1996) 

 Maillard reaction             

 ( , 2546) 

 1, 8-Cineole  Borneol 

 Phenolic diterpenes 

Carnosic acid  Carnosol 

1, 8-Cineole  Borneol

 (Curde 

rosemary extract) 

 (Akoh and Min, 

1998)

Richheimer et al. (1996) 

  Phenolic acid, Rosmarinic acid, Phenolic diterpenes, Carnosic acid, 

Carnosol, Rosmanol, Rosmadial, Methylcarnosate, Epiisorosmanol Flavonoid  Monoterpene

Wu et al. (1982) 

BHA  BHT 

 BHA  BHT  Carnosol 

 BHT 
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 1 

 (2549)  2 

 GC - MS 

-Pinene  21.77 Camphor  15.85 

1,8-Cineole  11.40  1-Verbenone  10.16  Camphene  7.54 

 1,8-Cineole  27.77 -Pinene

20.48 Camphor  17.86 Camphene  12.58  ß-pinene  6.99



-

 - 

 - 

 - 

 - 

-  (Vacuum Impregnation) 

 -  (Vacuum Frier) 

 -  2  (Analytical balance, Satorius : Model A 120 S, Germany)

1.

 -  (Minolta Lab Camera, Chroma meter CR - 310, Japan) 

 -  (Instron Model 5565, USA Instron, 1993) 

2.

    -  (Aw - box, Novasina : AWC 200, Switzerland) 

    -  (Hand refractometer, ATAGO: Model 

N1 Brix 0 - 100 %)



20

3.

                   -

                   -  ( )

        - 

        - 



21

,

 3 - 4 

-18

 48 

 VI 

  - 0.27 

 20 

 10 

 5 - 6 

 0.01  - 0.8 

 55 - 60  86 - 88 

( )
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 1

 Vacuum Impregnation 

1.1

 Ideal ratio profile ( , 2545) 

Horizontal line scale 

 4

 (Ideal) 

 Ideal ratio profile 

 1 

 1 

 20 
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1.2

 Vacuum Impregnation 

 20  - 0.27  10 

 22 Factorial experiment in Central Composite Design with 2 center points 

( , 2547) 

 ( ) ( / )                0.10          0.30 

 ( )                20           60

 7  22 Factorial experiment in Central Composite Design 

with 2 center points 

 ( )  ( )

(1) 0.10 (-) 20.00 (-) 

a 0.30 (+) 20.00 (-) 

b 0.10 (-) 60.00 (+) 

ab 0.30 (+) 60.00 (+) 

- a 0.06 (-1.682) 40.00 (0) 

+ a 0.34 (+1.682) 40.00 (0) 

- b 0.20 (0) 11.72 (-1.682) 

+ b 0.20 (0) 68.28 (+1.682) 

Cp1 0.20 (0) 40.00 (0) 

Cp2 0.20 (0) 40.00 (0) 

 : (1) = ; a = ; b = ;

                   Cp = 
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-  Hunter L a b  Minolta Camera: Model CR - 310, 

Japan.  Minolta Camera Co., Ltd., 1991 

                -  (Instron Model 5565, USA)  Instron, 

1993

-  (AW - box, Novasina: 

AWC200, Switzerland)  AOAC, 2005 

-  (Total soluble solid)  Hand refractometer 

(ATAGO, Japan)  AOAC, 2005 

-  AOAC, 2005 

-  Wet digrstion and Atomatic absorption spectrophotometry

                - Ideal ratio profile , 2545

 20 

 Vacuum Impregnation 
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 2   Vacuum Impregnation 

    Vacuum Impregnation

 22 Factorial experiment in Central Composite Design with 2 center points ( , 2547)

 2 

      

 ( )       10         30 

 ( )             - 0.13                         - 0.40 

 10 

 8  22 Factorial experiment in Central Composite 

Design with 2 center points 

 ( )  ( )

(1) 10 (-) - 0.13 (-) 

a 30 (+) - 0.13 (-) 

b 10 (-) - 0.40 (+) 

ab 30 (+) - 0.40 (+) 

- a 6 (-1.682) - 0.27 (0) 

+ a 34 (+1.682) - 0.27 (0) 

- b  20 (0) - 0.07 (-1.682) 

+ b 20 (0) - 0.46 (+1.682) 

Cp1 20 (0) - 0.27 (0) 

Cp2 20 (0) - 0.27 (0) 

 : (1) = ; a = ; b = ;

                   Cp = 

  1 
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 1.1

Ideal ratio profile ( , 2545) 

 20  9 

 9 

 ( )

-

- /

20

9

20

9

20

8

   - 

   - 

   - 

   - 

11
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16

6

15

7

18
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16
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16

4

-

-

-
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-
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2

-
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1.

2.
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 (Ratio profile test) 

 (Sample) 

 (Ideal) 

 (  10) 

 (Mean ideal 

ratio score) (Standard deviation)

(Mean ideal ratio score) 

  1.00 

  1.00 

  1.00 

 (Standard deviation) 

 0.00 

 0.50 

 0.50 
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 10  (Mean ideal ratio score)  (Standard deviation) 

Ideal

( )

Sample

( )
Ratio (S/I) 

1.

-

2.

-

-

3.

    - 

6.46±1.61*

6.61±1.46

6.38±1.54

7.78±1.61

6.33±1.70

6.14±1.79

6.02±1.53

7.38±1.51

1.00±0.24

0.93±0.19

0.94±0.09

0.97±0.19

1.

-

2.

-

-

3.

    - 

7.08±1.37

6.20±1.76

6.05±1.46

7.87±1.60

7.08±1.35

6.06±1.68

5.44±1.71

7.41±1.84

1.00±0.07

1.06±0.41

0.92±0.28

0.95±0.18

1.

-

2.

-

-

3.

    - 

6.29±1.78

6.22±2.37

6.35±1.50

7.92±1.49

6.17±1.95

6.10±1.95

5.67±1.48

5.96±2.45

0.98±0.16

1.05±0.37

0.89±0.12

0.75±0.26

 :  *  ± 
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 10 

 1.00±0.24  0.93±0.19 

 0.94±0.09  0.97±0.19 

 (P>0.05)

 1.00±0.07 

 1.06±0.41 

 0.92±0.28  0.95±0.18 

 (P>0.05)

 Vacuum 

Impregnation

 0.98±0.16 

 1.05±0.37 

 (P>0.05)

 0.89±0.12 

 0.75±0.26 

(P 0.05)
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1.2

   

 Vacuum Impregnation 

 20  - 0.27  10 

 22 Factorial experiment in Central Composite Design with 2 center points ( , 2547)

1.2.1

 11

( )
( )

( ) ( )
( )

(1) 0.10  20.00  20.00 15.00 25.00 

a 0.30  20.00  20.00 15.60 22.00 

b 0.10 60.00  60.00 40.00 33.33 

ab 0.30 60.00  60.00 44.00 26.67 

- a 0.06  40.00  40.00 30.00 25.00 

+ a 0.34  40.00  40.00 31.00 22.50 

- b 0.20  11.72  11.72 10.00 14.68 

+ b 0.20  68.28  68.28 49.00 28.24 

Cp1 0.20  40.00  40.00 29.00 27.50 

Cp2 0.20  40.00  40.00 30.00 25.00 

 : (1) = ; a = ; b = ;

                   Cp = 
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( ) ( ) ( )

L

(

)

a

(

- )

b

(

- )

(1) 0.10  20.00    3.39±1.48 * 59.30±0.24  +10.93±0.06  +42.98±1.40

a 0.30  20.00  2.57±0.07  59.45±0.05  +9.21±0.03  +38.44±0.35

b 0.10 60.00  6.90±1.61  62.08±0.05  +10.57±0.08  +45.36±0.65

ab 0.30 60.00  6.02±1.58  67.33±0.14  +7.49±0.05  +57.82±0.21

- a 0.06  40.00  2.58±0.04  62.73±0.11  +10.39±0.18  +53.11±0.36

+ a 0.34  40.00  3.49±1.35  60.76±0.14  +8.79±0.09  +43.70±0.67

- b 0.20  11.72  2.21±0.73  50.12±0.09  +11.79±0.10  +24.81±1.08

+ b 0.20  68.28  7.94±0.18  63.27±0.07  +8.05±0.07  +52.95±0.68

Cp1 0.20  40.00  6.09±1.41  59.45±0.09  +11.11±0.05  +43.95±0.72

Cp2 0.20  40.00  5.22±0.11  57.50±0.36  +12.23±0.06  +40.80±0.94

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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 13

( ) ( )
 (Aw) 

(1) 0.10  20.00    0.19±0.02* 

a 0.30  20.00  0.24±0.04 

b 0.10 60.00  0.24±0.03

ab 0.30 60.00  0.25±0.02 

- a 0.06  40.00  0.25±0.03

+ a 0.34  40.00  0.23±0.04 

- b 0.20  11.72  0.23±0.06

+ b 0.20  68.28  0.26±0.04  

Cp1 0.20  40.00  0.20±0.03 

Cp2 0.20  40.00  0.22±0.04

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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( ) ( )

(1) 0.10  20.00     1.05 +0.29 * 0.76+0.26 0.73+0.27  0.86+0.20

a 0.30  20.00  0.87+0.24  0.79+0.24 0.77+0.23  0.86+0.22

b 0.10 60.00  0.93+0.27  0.83+0.23 1.00+0.22  0.97+0.12

ab 0.30 60.00  0.79+0.24  0.76+0.26 0.96+0.27  0.97+0.15

- a 0.06  40.00  0.86+0.27  0.75+0.26 0.72+0.27  0.86+0.24

+ a 0.34  40.00  0.84+0.28  0.80+0.19 0.79+0.29  0.85+0.16

- b 0.20  11.72  1.10+0.26  0.87+0.29 0.70+0.32  0.62+0.30

+ b 0.20  68.28  0.89+0.20  0.72+0.28 0.88+0.28  0.93+0.15

Cp1 0.20  40.00  0.93+0.18  0.77+0.23 0.81+0.25  0.82+0.24

Cp2 0.20  40.00  0.96+0.18  0.81+0.21 0.87+0.21  0.90+0.19

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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 12 

 2.21 - 7.94 

 L ( )  50.12 - 67.33   a (  - )  7.49 - 12.23 

  b (  - )   24.81 - 57.82

 13 

 (Aw)  0.19 - 

0.26

 14 

 0.79 - 1.10  0.72 - 0.87 

 0.70 - 1.00  0.62 - 0.97

(Multiple regression)  (Y) 

 15 

 16 
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 15

 ( )

 (Coded equation)  R2

 a 

5.66 - 0.051(C) + 1.88(G) - 0.017(C)(G) 

-1.14(C)2- 0.12(G)2

11.76- 0.48(C) - 1.01(G) - 0.74(C)(G) 

- 0.73(C)2+ 0.61(G)2

0.93

0.90

0.96- 0.05(G) - 0.08(C)(G) - 0.033(C)2+ 0.018 (G)2

0.86 + 0.09(G) - 0.03(G)2

0.85

0.85

 :  C     G

 16  (Decoded equation) 

 ( )

 (Decoded equation)  R2

 a 

 - 3.14 + 45.55(C) + 0.12(G) - 0.0083(C)(G) 

 - 114.33(C)2- 0.00031(G)2

9.66 + 18.92(C) + 0.063(G) - 0.19(C)(G) 

- 37.18(C)2- 0.00077(G)2

0.93

0.90

0.83 + 1.48(C) + 0.00044(G) - 0.02(C)(G) 

- 1.67(C)2+ 0.000023 (G)2

0.67 + 0.0061(G) - 0.000037(G)2

0.85

0.85

 :  C     G
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 (P 0.05)  0.20 

 68.28  7.94 

 4 

 a   (P 0.05)

 0.20  40 

 a   12.23  a 

 a 

(Caramelization)

 (Thermolysis) 

 ( , 2546)

 5 

(Interaction)  (P 0.05)

 0.20 

 40  0.96 

 (Caramelization) 

 a  6 
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 (P 0.05)

 0.10 

60  0.97 

 7 

   

  =  - 3.14 + 45.55( ) + 0.12( ) - 0.0083( )( )

                        - 114.33( )2 - 0.00031( )2                  R2= 0.93

  ( )

.05 .10 .15 .20 .25 .30 .35 .40

  (
)
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20
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50

60

70

2

2

2
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0
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6 8

2

2

  ( )

-4

-2

0

2

4

6

8

10
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.10
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.20
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(
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(

)

(
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 a  =  9.66 + 18.92( ) + 0.063( ) - 0.19( )( )

                       - 37.18( )2 - 0.00077( )2                 R2= 0.90 

  ( )

.05 .10 .15 .20 .25 .30 .35 .40

  (
)

10

20

30

40

50

60

70

8

9

9

10

10

10

11

11

11

11

12

12

12

12

11

  a

6

7

8

9

10

11

12

13

.05
.10

.15
.20

.25
.30

.35
.40

10
20

30
40

50
60

a

(

)

( )

 5  a 

  =  0.83 + 1.48( ) + 0.00044( ) - 0.02( )( )

                     - 1.67( )2 + 0.000023 ( )2                  R2= 0.85 

  ( )

.05 .10 .15 .20 .25 .30 .35 .40

  (
)

10

20

30

40

50

60

70

.80

.85

.85

.90

.90

.90

.95

.95

.95
.95

.95

1.00

1.00 1.00

1.05
1.05

.95

.95

.90 .70
.75
.80
.85
.90

.95

1.00

1.05

1.10

.05
.10

.15
.20

.25
.30

.35
.40

102030405060

(

)

(
)
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   =  0.67 + 0.0061( ) - 0.000037( )2

R2= 0.85 

  ( )

.05 .10 .15 .20 .25 .30 .35 .40

  (
)

10

20

30

40

50

60

70

.90 .90 .90 .90

.88 .88 .88 .88

.86 .86 .86 .86

.84 .84 .84 .84

.82 .82 .82 .82

.80 .80 .80 .80
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 Mean ideal ratio profile  1.00  17 
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 17

( )
( )

( )

  a 
( )

(1) 0.10 20 2.53 +11.79 0.94 0.78 25.00

a 0.30 20 2.46 +11.84 1.02 0.78 22.00 

b 0.10 60 6.31 +11.09 0.95 0.90 33.33

ab 0.30 60 6.17 +9.62 0.87 0.90 26.67 

- a 0.06 40 3.47 +11.53 0.92 0.85 25.00

+ a 0.34 40 3.32 +10.54 0.92 0.85 22.50 

- b 0.20 11.72 2.74 +12.18 1.02 0.74 14.68

+ b 0.20 68.28 8.03 +10.11 0.92 0.91 28.24 

Cp1 0.20 40 5.63 +11.76 0.95 0.85 27.50

Cp2 0.20 40 5.63 +11.76 0.95 0.85 25.00

 : (1) = ; a = ; b = ;

                    Cp = 
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 8  (Optimization) 

 Vacuum Impregnation

   

 Vacuum Impregnation  17 

 b  0.10 

 60  1.00 

 33.33 

   

 ( )   0.10 

    ( )   60  

     52.30   /100

Overlay Plot

X :  ( )

0.10 0.15 0.20 0.25 0.30
20.00

30.00

40.00

50.00

60.00

       Shear:4.00 
   L: 55

  L: 65

color: 1.00 

22

Shear: 6.31
L: 62.64
a: 11.09
b: 48.97
Aw: 0.25
color: 0.96
flavor: 0.78
sweet: 0.91
crispy: 0.90
X 0.10
Y 60.00

Y:

        ( )
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1.2.2

 18

( )
( )

( ) ( )
( )

(1) 0.10  20.00  20.00 16.00 20.00  

a 0.30  20.00  20.00 16.00 20.00  

b 0.10 60.00  60.00 49.00 18.33  

ab 0.30 60.00  60.00 50.00 16.67  

- a 0.06  40.00  40.00 32.00 20.00  

+ a 0.34  40.00  40.00 31.00 22.50  

- b 0.20  11.72  11.72 10.00 14.66  

+ b 0.20  68.28  68.28 51.50 24.58  

Cp1 0.20  40.00  40.00 31.50 21.25  

Cp2 0.20  40.00  40.00 31.00 22.50  

 : (1) = ; a = ; b = ;

                    Cp = 
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 19  

( ) ( ) ( )

L

(

)

a

(

- )

b

(

- )

(1) 0.10  20.00  12.67±0.08* 54.90±0.11 +36.46±0.02 +47.67±0.25 

a 0.30  20.00  10.64±0.02 56.79±0.02 +34.84±0.10 +42.83±0.29 

b 0.10 60.00  13.17±0.46 57.49±0.05 +33.67±0.04 +43.54±0.16 

ab 0.30 60.00  13.47±0.51 59.18±0.02 +34.86±0.09 +47.59±0.04 

- a 0.06  40.00  10.47±0.07 57.20±0.02 +34.44±0.04 +45.52±0.05 

+ a 0.34  40.00  10.43±0.07 56.70±0.02 +35.12±0.05 +44.81±0.08 

- b 0.20  11.72  15.27±0.25 54.63±0.05 +34.73±0.05 +41.91±0.07 

+ b 0.20  68.28  10.65±0.09 57.25±0.05 +33.29±0.02 +46.17±0.03 

Cp1 0.20  40.00  10.72±0.14 59.14±0.02 +33.87±0.05 +44.66±0.11 

Cp2 0.20  40.00  10.39±0.03 56.09±0.04 +33.16±0.04 +45.05±0.08 

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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 20 

( ) ( )
 (Aw) 

(1) 0.10  20.00   0.19±0.03* 

a 0.30  20.00  0.18±0.04 

b 0.10 60.00  0.17±0.02

ab 0.30 60.00  0.16±0.02 

- a 0.06  40.00  0.18±0.02

+ a 0.34  40.00  0.16±0.03 

- b 0.20  11.72  0.17±0.03

+ b 0.20  68.28  0.16±0.03 

Cp1 0.20  40.00  0.16±0.02 

Cp2 0.20  40.00  0.16±0.03

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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 21

( ) ( )

(1) 0.10  20.00     0.91±0.19 * 0.81±0.23  0.82±0.26  0.85±0.16

a 0.30  20.00  0.91±0.21  0.85±0.20 0.82±0.19  0.86±0.14

b 0.10 60.00  0.96±0.15  0.80±0.26 1.01±0.21  0.96±0.12

ab 0.30 60.00  0.95±0.18  0.80±0.28 1.03±0.24  0.97±0.11 

- a 0.06  40.00  0.80±0.23  0.76±0.25 0.94±0.24  0.95±0.17

+ a 0.34  40.00  0.83±0.17  0.74±0.26 0.84±0.22  0.90±0.20

- b 0.20  11.72  0.94±0.17  0.72±0.29 0.77±0.23  0.82±0.20

+ b 0.20  68.28  1.00±0.16  0.72±0.28 1.15±0.21  0.98±0.14

Cp1 0.20  40.00  0.90±0.22  0.75±0.25 0.91±0.31 0.95±0.07

Cp2 0.20  40.00  0.94±0.15  0.72±0.30 0.90±0.29  0.91±0.19

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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 19 

 10.39 - 15.27     

 L ( )  54.63 - 59.18  a (  - )

33.16 - 36.46  b (  - )  41.91 - 47.67

 20 

 (Aw) 

0.16 - 0.19

 21 

  0.80 - 1.00  0.72 - 0.85 

 0.77 - 1.15  0.82 - 0.98

 (Multiple 

regression)  (Y) 

 22 

 23 

 22

 ( )

 (Coded equation)  R2

 0.91- 0.016(C) + 0.12(G) + 0.0035(C)(G)

 - 0.011(C) 2 + 0.026(G)2

 0.93 - 0.0060(C) + 0.056(G) + 0.00024(C)(G) 

 - 0.0029(C) 2 - 0.015(G)2

0.96

0.93

 : C     G
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 23  (Decoded equation) 

 ( )

 (Decoded equation)  R2

 0.78 + 0.22(C) + 0.00035(G) + 0.0018(C)(G) 

 - 1.14(C)2 + 0.000064(G)2

0.76 + 0.051(C) + 0.0057(G) + 0.00012(C)(G) 

 - 0.29(C)2 - 0.000037(G)2

0.96

0.93

 : C     G

 (P 0.05)

 0.10  60 

 1.01 

 9 

 (P 0.05)

 0.20 

68.28  0.98 

 10 
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 =  0.78 + 0.22( ) + 0.00035( ) + 0.0018( )( )

- 1.14( )2 + 0.000064( )2                     R2 = 0.96 
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  = 0.76 + 0.051( ) + 0.0057( ) + 0.00012( )( )

- 0.29( )2 - 0.000037( )2                        R2 = 0.93 
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Mean ideal ratio profile  1.00  24

 24

( ) ( )

( )

(1) 0.10 20 0.83 0.86 20.00  

a 0.30 20 0.79 0.85 20.00  

b 0.10 60 1.05 0.97 18.33  

ab 0.30 60 1.03 0.96 16.67  

- a 0.06 40 0.91 0.93 20.00  

+ a 0.34 40 0.86 0.91 22.50  

- b 0.20 11.72 0.80 0.82 14.66  

+ b 0.20 68.28 1.13 0.98 24.58  

Cp1 0.20 40 0.91 0.93 21.25  

Cp2 0.20 40 0.91 0.93 22.50  

 : *  ± 

(1) = ; a = ; b = ; Cp = 



50

 11  (Optimization) 

 Vacuum Impregnation

   

 Vacuum Impregnation  24 

 b  ab  60 

 1.00  ab 

 b

 ( )  0.30 

    ( )  60  

                125.00   /100

Overlay Plot

X :  ( )

0.10 0.15 0.20 0.25 0.30
20.00

30.00

40.00

50.00

60.00

    Shear: 12.10

a: 33.60

 b: 43.72

Shear: 12.02
L: 58.13
a: 34.80
b: 47.77
Aw: 0.16
color: 0.93
flavor: 0.76
sweet: 1.02
crispy: 0.96
X 0.30
Y 60.00Y : 

      ( )
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1.2.3

 25

( )
( )

( ) ( )
( )

(1) 0.10  20.00  20.00 17.50 12.50 

a 0.30  20.00  20.00 18.00 10.00 

b 0.10 60.00  60.00 52.50 12.50 

ab 0.30 60.00  60.00 51.00 15.00 

- a 0.06  40.00  40.00 35.00 12.50 

+ a 0.34  40.00  40.00 36.20 9.50 

- b 0.20  11.72  11.72 10.50 10.40 

+ b 0.20  68.28  68.28 58.00 15.00 

Cp1 0.20  40.00  40.00 36.00 10.00 

Cp2 0.20  40.00  40.00 34.00 15.00 

 : (1) = ; a = ; b = ;

                   Cp = 
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 26

( ) ( ) ( )

L

(

)

a

(

- )

b

(

- )

(1) 0.10  20.00     5.03±0.01* 61.91±0.93  +1.53±0.05  +31.99±0.48

a 0.30  20.00  2.52±0.01  59.67±0.69  +0.11±0.08  +30.82±0.64

b 0.10 60.00  5.19±0.15  61.87±0.29  +0.56±0.08  +29.28±0.27

ab 0.30 60.00  5.13±0.02  63.21±0.64  +0.75±0.12  +30.09±0.71

- a 0.06  40.00  5.16±0.14  60.78±0.92  +1.59±0.14  +26.77±0.59

+ a 0.34  40.00  5.18±0.17  62.32±0.27  +0.74±0.08 +27.58±0.30

- b 0.20  11.72  2.54±0.02  59.78±0.61  +2.25±0.17  +27.28±0.35

+ b 0.20  68.28  5.80±0.61  60.45±0.09  +1.38±0.27  +24.70±0.28

Cp1 0.20  40.00  5.43±0.43  62.52±0.44  +2.52±0.22  +26.52±0.36

Cp2 0.20  40.00  5.22±0.30  58.32±0.38  +2.28±0.06  +24.54±0.37

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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( ) ( )
 (Aw) 

(1) 0.10  20.00    0.16±0.03* 

a 0.30  20.00  0.15±0.03 

b 0.10 60.00  0.16±0.02

ab 0.30 60.00  0.18±0.03 

- a 0.06  40.00  0.16±0.03

+ a 0.34  40.00  0.15±0.03 

- b 0.20  11.72  0.17±0.03

+ b 0.20  68.28  0.17±0.03 

Cp1 0.20  40.00  0.17±0.03 

Cp2 0.20  40.00  0.18±0.03

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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( ) ( )

(1) 0.10  20.00     0.84±0.24 * 0.84±0.29  0.64±0.34  0.61±0.27

a 0.30  20.00  0.95±0.18  0.86±0.23 0.65±0.32  0.61±0.34

b 0.10 60.00  0.94±0.25 0.87±0.23 0.85±0.25 0.95±0.13

ab 0.30 60.00  1.04±0.15  0.89±0.20 0.87±0.29 0.94±0.13

- a 0.06  40.00  1.02±0.18  0.92±0.21 0.90±0.26 0.87±0.22

+ a 0.34  40.00  0.89±0.21 0.91±0.12 0.96±0.16  0.89±0.20

- b 0.20  11.72  1.04±0.18  0.84±0.18 0.56±0.38 0.55±0.38

+ b 0.20  68.28  1.00±0.18  0.85±0.16 0.94±0.35  0.93±0.17

Cp1 0.20  40.00  1.06±0.22  0.87±0.23 0.89±0.25 0.92±0.19

Cp2 0.20  40.00  0.96±0.17 0.91±0.23 0.96±0.24  0.89±0.18

 : *  ± 

(1) = ; a = ; b = ; Cp = 
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 26

 2.52 - 5.80     

 L ( )  58.32 - 63.21  a (  - )  0.11 - 2.52 

 b (  - )  24.54 - 31.99

 27

 (Aw)  0.15 - 

0.18

 28

 0.84 - 1.06  0.84 - 0.92 

 0.56 - 0.96  0.55 - 0.95

   

 (Multiple 

regression)  (Y) 

 29 

 30 

 29

 ( )

 (Coded equation)  R2

 5.33 - 0.32(C) + 0.92(G) + 0.61(C)(G)

 - 0.13(C)2 - 0.63(G)2

0.89

0.93 - 0.015(C) + 0.12(G) + 0.0012(C)(G)

 - 0.022(C)2 - 0.11(G)2

0.91+ 0.0034(C) + 0.15(G) - 0.0024(C)(G)

 - 0.022(C)2 - 0.092(G)2

0.90

0.98

 :  C     G
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 30  (Decoded equation) 

 ( )

 (Decoded equation)  R2

3.53 - 10.16(C) + 0.11(G) + 0.31(C)(G) 

- 13.20(C)2 - 0.0016(G)2 0.89

0.12 + 1.03(C) + 0.028(G) + 0.0059(C)(G) 

- 2.24(C)2 - 0.00028(G)2

0.13 + 0.95(C) + 0.026(G) - 0.0012(C)(G) 

- 2.18(C)2 - 0.00023(G)2

0.90

0.98

 : C     G

 (P 0.05)

 0.20 

68.28  5.80 

 12   

 (P 0.05)

 0.34  40 

 0.20  40 

 0.96 

 13 
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 (P 0.05)

 0.10  60 

 0.95 

 14 

  =  3.53 -10.16( ) + 0.11( ) + 0.31( )( )

- 13.20( )2 - 0.0016( 2)            R2  =  0.89
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  =  0.12 + 1.03( ) + 0.028( ) + 0.0059( )( )

         - 2.24( )2 - 0.00028( )2                  R2  =  0.90 
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  =  0.13 + 0.95( ) + 0.026( ) - 0.0012( )( )

                          - 2.18( )2 - 0.00023( )2                     R2  =  0.98 
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 Mean ideal ratio profile  1.00 

 31 

 31

( ) ( )

( ) ( )

(1) 0.10 20 4.58 0.65 0.63 12.50 

a 0.30 20 2.71 0.68 0.64 10.00 

b 0.10 60 5.20 0.88 0.93 12.50 

ab 0.30 60 5.78 0.91 0.93 15.00 

- a 0.06 40 5.52 0.85 0.85 12.50 

+ a 0.34 40 4.62 0.89 0.86 9.50 

- b 0.20 11.72 2.77 0.53 0.50 10.40 

+ b 0.20 68.28 5.37 0.85 0.92 15.00 

Cp1 0.20 40 5.33 0.91 0.90 10.00 

Cp2 0.20 40 5.33 0.91 0.90 15.00 

 : (1) = ; a = ; b = ;

                   Cp = 
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 15  (Optimization) 

 Vacuum Impregnation

   

 Vacuum Impregnation  31 

 ab  0.30 

 60  1.00 

 15 

   

   

 ( )           0.30   

    ( )   60  

     128   /100

Overlay Plot

Y:

       ( )

X:  ( )

0.10 0.15 0.20 0.25 0.30
20.00

30.00

40.00

50.00

60.00

   Sweet: 0.95 

      Crispy: 0.91 

Crispy: 0.94 

22

L: 62.80
a: 1.11
b: 27.95
Aw: 0.16
Shear: 5.78
Color: 0.97
Flavor: 0.87
Sweet: 0.91
Crispy: 0.93
X 0.30
Y 60.00
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 2   Vacuum Impregnation 

  Vacuum Impregnation

22 Factorial experiment in Central Composite Design with 2 center points ( , 2547)

 2.1   Vacuum Impregnation 

 32

 Vacuum Impregnation

( )
( )

( ) ( )
( )

(1) 10 - 0.13 60.00 46.00 23.33 

a 30 - 0.13 60.00 47.50 20.83 

b 10 - 0.40 60.00 51.00 15.00 

ab 30 - 0.40 60.00 48.00 20.00 

- a 6 - 0.27 60.00 58.00 3.33 

+ a 34 - 0.27 60.00 44.00 26.67 

- b 20 - 0.07 60.00 52.00 13.33 

+ b 20 - 0.46 60.00 51.00 15.00 

Cp1 20 - 0.27 60.00 45.00 25.00 

Cp2 20 - 0.27 60.00 45.00 25.00 

 : (1) = ; a = ; b = ;

                   Cp = 
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 Vacuum Impregnation

( )
( )

( )

L

(

)

a

(

- )

b

(

- )

(1) 10 - 0.13 12.70±0.43* 58.59±0.23 +1.37±0.10 +32.01±0.22 

a 30 - 0.13 20.81±0.62 61.85±0.13 +2.30±0.09 +34.61±0.31 

b 10 - 0.40 15.38±0.26 59.84±0.10 +2.44±0.02 +32.32±0.05 

ab 30 - 0.40 17.91±0.67 58.88±0.09 +2.60±0.02 +30.39±0.09 

- a 6 - 0.27 20.20±0.81 61.60±0.07 +2.13±0.02 +34.28±0.15 

+ a 34 - 0.27 21.20±0.06 61.79±0.11 +2.73±0.02 +33.60±0.11 

- b 20 - 0.07 23.53±0.30 60.40±0.06 +3.08±0.06 +31.28±0.10 

+ b 20 - 0.46 15.50±0.20 59.74±0.04 +2.73±0.02 +30.72±0.14 

Cp1 20 - 0.27 15.54±0.39 60.10±0.06 +3.27±0.06 +31.44±0.11 

Cp2 20 - 0.27 15.30±0.24 61.65±0.01 +2.51±0.07 +33.65±0.16 

: *  ± 

(1) = ; a = ; b = ; Cp = 
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 Vacuum Impregnation

( )
( )

(Aw) ( : / )

(1) 10 - 0.13   0.19±0.03* 26.13±0.10 

a 30 - 0.13 0.19±0.02 27.71±0.05 

b 10 - 0.40 0.18±0.02 26.82±0.01 

ab 30 - 0.40 0.18±0.02 28.22±0.10 

- a 6 - 0.27 0.18±0.03 24.33±0.10 

+ a 34 - 0.27 0.21±0.02 29.45±0.05 

- b 20 - 0.07 0.18±0.02 28.91±0.01 

+ b 20 - 0.46 0.19±0.02 28.33±0.10 

Cp1 20 - 0.27 0.19±0.03 28.86±0.15 

Cp2 20 - 0.27 0.19±0.03 28.86±0.15 

: *  ± 

 (1) = ; a = ; b = ; Cp = 
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 Vacuum Impregnation

( )
( )

(1) 10 - 0.13    0.98±0.21* 0.75±0.30 0.87±0.24 0.91±0.12 

a 30 - 0.13 0.88±0.17  0.73±0.28 0.96±0.19 0.97±0.16 

b 10 - 0.40 0.93±0.24 0.78±0.24 0.91±0.25 0.94±0.12 

ab 30 - 0.40 1.06±0.11 0.85±0.22 0.97±0.24 0.98±0.12 

- a 6 - 0.27 0.88±0.25 0.76±0.33 0.87±0.24 0.91±0.12 

+ a 34 - 0.27 0.96±0.21 0.75±0.23 1.02±0.20 1.02±0.10 

- b 20 - 0.07 0.96±0.21 0.84±0.24 0.93±0.20 0.93±0.15 

+ b 20 - 0.46 0.96±0.20 0.84±0.21 0.99±0.23 1.00±0.14 

Cp1 20 - 0.27 0.96±0.19 0.88±0.16 0.95±0.21 0.98±0.18 

Cp2 20 - 0.27 0.96±0.16 0.87±0.22 0.95±0.18 0.98±0.14 

: *  ± 

(1) = ; a = ; b = ; Cp = 
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 33 

 12.70 - 23.53  L ( )  58.59 - 61.85  a

(  - )  1.37 - 3.27  b (  - )  30.39 - 34.61

 34 

 (Aw)  0.18 - 0.21  24.33 - 29.45 

/

 35 

 0.88 - 1.06 

 0.73 - 0.88  0.87 - 1.02 

 0.91 - 1.02  

 (Multiple 

regression)  (Y) 

 36 

 37 
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 36 

 ( )

 Vacuum Impregnation

 (Coded equation)  R2

0.95 + 0.045(X) + 0.018(Y) + 0.009(X)(Y) 

- 0.007(X) 2 - 0.0001(Y) 2

0.98 + 0.031(X) + 0.016(Y) - 0.005(X)(Y) 

- 0.01(X) 2 - 0.008(Y) 2

0.91

0.89

 :  X

        Y   

 37   (Decoded equation) 

 ( )

 Vacuum Impregnation

 (Decoded equation)  R2

0.76 + 0.009(X) + 0.27(Y) - 0.007(X)(Y) 

- 0.00007(X) 2 - 0.008(Y) 2

0.79 + 0.008(X) + 0.44(Y) - 0.006(X)(Y) 

- 0.0001(X) 2 - 0.45(Y) 2

0.91

0.89

 :  X

        Y   
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 (P 0.05)

 20  - 0.46 

 0.99 

 16 

 (P 0.05)

 20  - 0.46 

 1.00 

 17 
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  =  0.76 + 0.009( ) + 0.27( ) - 0.007( )( )

                              - 0.00007( ) 2 - 0.008( ) 2                 R2 = 0.91 

  ( )

5 10 15 20 25 30 35

  (
)

-.5

-.4

-.3

-.2

-.1

1.00

1.00

.98

.98

.98

.98

.96

.96

.96

.96

.94

.94

.94

.94.92

.92

.92

.92

.90

.90

.90

.88

.88

.88

.86

.86
.84

.80

.85

.90

.95

1.00

1.05

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )

 16

  =  0.79 + 0.008( ) +0.44( ) - 0.006( )( )

                                 - 0.0001( ) 2 - 0.45( ) 2                 R2 = 0.89 

  ( )

5 10 15 20 25 30 35

  (
)

-.5

-.4

-.3

-.2

-.1

1.00

1.00

.98

.98

.98

.96

.96

.96

.96 1.00

.94

.94

.94

.94

.98

.98

.92

.92

.92

.90

.90

.96

.88

.86

.82
.84
.86
.88
.90
.92
.94
.96
.98

1.00
1.02

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )

 17



69

 Mean ideal ratio profile  1.00 

 38 

 38

 Vacuum Impregnation  

( )
( )

( )

(1) 10  - 0.13  0.87 0.91 23.33 

a 30   - 0.13  0.98 0.98 20.83 

b 10   - 0.40   0.92 0.95 15.00 

ab 30    - 0.40   0.99 1.00 20.00 

- a 6  - 0.27   0.87 0.91 3.33 

+ a 34  - 0.27   1.00 1.00 26.67 

- b 20  - 0.07 0.92 0.94 13.33 

+ b 20  - 0.46 0.97 0.98 15.00 

Cp1 20   - 0.27  0.95 0.98 25.00 

Cp2 20  - 0.27   0.95 0.98 25.00 

:  (1) = ; a = ; b = ;

                    Cp = 



70

 18  (Optimization) 

Vacuum Impregnation

 Vacuum Impregnation 

 + a  34  - 0.27 

 1.00 

 26.67 

              34             

                 - 0.27        

           41.60        /100

Overlay Plot

X:  ( )

- 0.36

5.00 12.50 20.00 27.50 35.00
- 0.07

- 0.17

- 0.27

- 0.46

 Aw: 0.18

Aw: 0.18 

Shear: 23.53

L: 58.58

L: 58.58

L: 61.84

                  b: 30.80 
Color: 0.87

      Color: 0.99 

Flavor: 0.74

Sweet: 0.95

Crispy: 0.91

22

Aw: 0.19
Shear: 21.13
L: 61.58
a: 2.43
b: 33.81
Color: 0.95
Flavor: 0.74
Sweet: 1.00
Crispy: 1.00
X 34.00
Y - 0.27Y:

              ( )
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2.2   Vacuum Impregnation 

 39 

 Vacuum Impregnation

( )
( )

( ) ( )
( )

(1) 10 - 0.13 60.00 47.00 21.67 

a 30 - 0.13 60.00 44.00 26.67 

b 10 - 0.40 60.00 47.00 21.67 

ab 30 - 0.40 60.00 43.00 28.33 

- a 6 - 0.27 60.00 48.00 20.00 

+ a 34 - 0.27 60.00 44.00 26.67 

- b 20 - 0.07 60.00 46.00 23.33 

+ b 20 - 0.46 60.00 45.00 25.00 

Cp1 20 - 0.27 60.00 45.00 25.00 

Cp2 20 - 0.27 60.00 45.00 25.00 

: (1) = ; a = ; b = ;

                   Cp = 
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 40

 Vacuum Impregnation

( )
( )

( )

L

(

)

a

(

- )

b

(

- )

(1) 10 - 0.13 31.65±0.34* 60.16±0.03 +25.17±0.02 +30.73±0.08 

a 30 - 0.13 26.67±0.73 60.73±0.09 +26.69±0.03 +30.47±0.14 

b 10 - 0.40 25.54±0.38 60.46±0.02 +25.83±0.05 +30.94±0.05 

ab 30 - 0.40 25.44±0.09 61.51±0.10 +26.27±0.02 +31.89±0.02 

- a 6 - 0.27 20.35±0.45 59.68±0.04 +26.15±0.02 +30.19±0.04 

+ a 34 - 0.27 33.00±0.36 59.35±0.04 +26.61±0.06 +28.91±0.06 

- b 20 - 0.07 27.21±0.29 61.32±0.04 +25.97±0.04 +30.85±0.06 

+ b 20 - 0.46 29.02±0.78 59.75±0.06 +25.11±0.07 +29.69±0.08 

Cp1 20 - 0.27 21.35±0.10 59.18±0.04 +25.21±0.01 +28.46±0.10 

Cp2 20 - 0.27 20.90±0.60 58.89±0.06 +25.32±0.06 +27.55±0.08 

: *  ± 

(1) = ; a = ; b = ; Cp = 
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 41

 Vacuum Impregnation

( )
( )

(Aw) ( : / )

(1) 10 - 0.13   0.17±0.02 * 30.65±0.01 

a 30 - 0.13 0.17±0.02 29.21±0.05 

b 10 - 0.40 0.17±0.02 33.08±0.05 

ab 30 - 0.40 0.17±0.02 33.93±0.15 

- a 6 - 0.27 0.17±0.02 30.98±0.15 

+ a 34 - 0.27 0.17±0.02 34.46±0.05 

- b 20 - 0.07 0.18±0.02 31.42±0.01 

+ b 20 - 0.46 0.17±0.02 32.02±0.05 

Cp1 20 - 0.27 0.16±0.02 31.05±0.01 

Cp2 20 - 0.27 0.17±0.01 31.05±0.01 

: *  ± 

 (1) = ; a = ; b = ; Cp = 
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 42

 Vacuum Impregnation

( )
( )

(1) 10 - 0.13    0.93±0.27 * 0.91±0.22 0.99±0.25 0.91±0.22 

a 30 - 0.13 0.97±0.21 0.93±0.17 0.92±0.23 0.96±0.15 

b 10 - 0.40 1.01±0.18 0.88±0.30 0.96±0.23 0.94±0.17 

ab 30 - 0.40 0.94±0.18 0.85±0.24 0.93±0.23 0.99±0.14 

- a 6 - 0.27 0.97±0.19 0.87±0.23 0.86±0.21 0.89±0.24 

+ a 34 - 0.27 0.95±0.21 0.83±0.24 0.98±0.23 0.97±0.20 

- b 20 - 0.07 0.94±0.21 0.82±0.26 0.97±0.19 0.94±0.25 

+ b 20 - 0.46 0.94±0.23 0.91±0.26 0.99±0.20 0.98±0.15 

Cp1 20 - 0.27 1.05±0.17 0.86±0.28 0.96±0.25 0.96±0.20 

Cp2 20 - 0.27 1.05±0.18 0.87±0.20 0.96±0.20 0.97±0.18 

: *  ± 

(1) = ; a = ; b = ; Cp = 
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 40 

 20.35 - 33.00  L ( )  58.89 - 61.51  a

(  - )  25.11 - 26.69  b (  - )  27.55 - 31.89

 41 

 (Aw)  0.16 - 0.18  29.21 - 34.46  

/

 42 

 0.93 - 1.05 

 0.82 - 0.93  0.86 - 0.99 

 0.89 - 0.99  

 (Multiple 

regression)  (Y) 

 43 

 44 
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 43

 ( )

 Vacuum Impregnation

 (Coded equation)  R2

1.05 - 0.007(X) + 0.007(Y) - 0.03(X)(Y) 

- 0.04(X) 2 - 0.05(Y) 2

0.96 + 0.04(X) + 0.007(Y) + 0.001(X)(Y) 

- 0.02(X) 2 - 0.01(X) 2(Y) + 0.01(Y) 2

- 0.07(X) (Y) 2

0.96 + 0.03(X) + 0.02(Y) + 0.001(X)(Y) 

- 0.02(X) 2 - 0.0006(Y) 2

0.97

1.00

0.99

 :  X

        Y   

 44  (Decoded equation) 

 ( )

 Vacuum Impregnation

 (Decoded equation)  R2

0.58 + 0.02(X) + 1.98(Y) - 0.02(X)(Y) 

- 0.0004(X) 2 - 2.89(Y) 2

1.45 - 0.02(X) - 4.57(Y) + 0.23(X)(Y) 

- 0.00004(X) 2 - 0.0007(X) 2(Y) + 7.84(Y) 2

- 0.37(X)(Y) 2

0.82 + 0.009(X) + 0.12(Y) + 0.0008(X)(Y) 

- 0.0002(X) 2 - 0.03(Y) 2

0.97

1.00

0.99

 :  X

        Y   
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 (Interaction) 

 (P 0.05)

 10  - 0.40 

 1.01 

30  - 0.40 

 (Caramelization) 

 19 

 (Interaction) 

(P 0.05)  10 

 - 0.13  20 

- 0.46  0.99 

 - 0.40 

 20 

 (P 0.05)

 30  - 0.40 

 0.99 

 21 
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  =  0.58 + 0.02( ) + 1.98( ) - 0.02( )( )

              - 0.0004( ) 2- 2.89( ) 2  R2 = 0.97 

  ( )

5 10 15 20 25 30 35

 (
)

-.5

-.4

-.3

-.2

-.1

.80
.85

.90

.90

.95

.95
.95

.95

.95

.95

.95
.95

.95

.90

1.00
1.00

1.00

1.00

1.001.00

1.00

.90

.90
.85

1.00

.80

.70
.75
.80
.85
.90

.95

1.00

1.05

1.10

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )

 19
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  = 1.45 - 0.02( ) - 4.57( ) + 0.23( )( )

                            - 0.00004( ) 2 - 0.0007( ) 2( ) + 7.84( ) 2 

                                                       - 0.37( ) ( ) 2  R2 = 1.00 

  ( )

5 10 15 20 25 30 35

  (
)

-.5

-.4

-.3

-.2

-.1

.8

.9

.9

.9

.9

.8

1.0 1.0

1.0

1.0
1.1

1.1

.9

.9

.6

.7

.8

.9

1.0

1.1

1.2

1.3

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )

 20

  =  0.82 + 0.009( ) + 0.12( ) + 0.0008( )( )

                               - 0.0002( ) 2 - 0.03( ) 2  R2 = 0.99 

  ( )

5 10 15 20 25 30 35

  (
)

-.5

-.4

-.3

-.2

-.1

.98
.98

.98

.96

.96

.96

.96

.96 1.00

.94

.94

.94

.94

.92

.92

.92

.92

.90

.90

.90

.88

.84
.86
.88
.90
.92
.94
.96
.98

1.00
1.02

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )

 21



80

Mean ideal ratio profile  1.00  45 

 45

 Vacuum Impregnation  

( )
( )

( )

(1) 10  - 0.13  0.93 0.99 0.91 21.67 

a 30   - 0.13  0.97 0.92 0.96 26.67 

b 10   - 0.40   1.00 0.96 0.94 21.67 

ab 30    - 0.40   0.93 0.93 0.99 28.33 

- a 6  - 0.27   0.98 0.86 0.90 20.00 

+ a 34 - 0.27   0.96 0.98 0.97 26.67 

- b 20  - 0.07 0.93 0.97 0.94 23.33 

+ b 20  - 0.46 0.95 0.99 0.99 25.00 

Cp1 20   - 0.27  1.05 0.97 0.96 25.00 

Cp2 20  - 0.27   1.05 0.97 0.96 25.00 

:  (1) = ; a = ; b = ;

                    Cp = 
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 22  (Optimization) 

Vacuum Impregnation

 Vacuum Impregnation 

 + b  20  - 0.46 

 1.00 

 b 

1.00

   

     20              

               - 0.46 

     141 /100

Y:

              ( )

Overlay Plot

X:  ( )

5.00 12.50 20.00 27.50 35.00
- 0.07

- 0.17

- 0.27

- 0.36

- 0.46

Aw: 0.17 

Shear: 33.00

L: 61.51 L: 61.51

   a: 26.69 

b: 31.89

b: 31.89

   Color: 0.94

Color: 0.94

Color: 1.00
Sweet: 1.00

     Sweet: 1.00 

22

Aw: 0.17
Shear: 27.23
L: 60.68
a: 25.35
b: 30.82
Color: 0.95
Flavor: 0.88
Sweet: 0.99
Crispy: 0.99
X 20.00 
Y - 0.46
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2.3  Vacuum Impregnation 

 46

  Vacuum Impregnation

( )
( )

( ) ( )
( )

(1) 10 - 0.13 60.00 51.20 14.67 

a 30 - 0.13 60.00 48.00 20.00 

b 10 - 0.40 60.00 49.80 17.00 

ab 30 - 0.40 60.00 47.00 21.67 

- a 6 - 0.27 60.00 53.50 10.83 

+ a 34 - 0.27 60.00 48.00 20.00 

- b 20 - 0.07 60.00 48.50 19.17 

+ b 20 - 0.46 60.00 48.50 19.17 

Cp1 20 - 0.27 60.00 49.00 18.33 

Cp2 20 - 0.27 60.00 49.00 18.33 

: (1) = ; a = ; b = ;

                   Cp = 
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  Vacuum Impregnation 

( )
( )

( )

L

(

)

a

(

- )

b

(

- )

(1) 10 - 0.13   5.16±0.01 * 58.51±0.94  +1.32±0.36  +28.97±0.38

a 30 - 0.13 5.19±0.07  59.09±0.68  +0.90±0.03  +29.48±0.42

b 10 - 0.40 5.24±0.05  58.13±0.35  +0.84±0.18  +28.23±0.33

ab 30 - 0.40 5.18±0.08  58.92±0.49  +0.81±0.15  +28.93±0.17

- a 6 - 0.27 5.17±0.03  63.14±0.01  +0.82±0.07  +29.36±0.18

+ a 34 - 0.27 5.10±0.02  58.76±0.43  +1.26±0.11  +26.50±0.27

- b 20 - 0.07 5.13±0.09  60.34±0.15  +1.46±0.44  +27.52±0.47

+ b 20 - 0.46 5.11±0.02 60.89±0.12  +1.33±0.06  +27.71±0.13

Cp1 20 - 0.27 5.14±0.02  60.59±0.06  +1.20±0.14  +27.84±0.03

Cp2 20 - 0.27 5.18±0.04  59.91±0.21  +0.61±0.10  +27.30±0.42

: *  ± 

(1) = ; a = ; b = ; Cp = 
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 48  

  Vacuum Impregnation 

( )
( )

(Aw) ( : / )

(1) 10 - 0.13   0.14±0.02* 35.53±0.05 

a 30 - 0.13 0.14±0.02 32.46±0.05 

b 10 - 0.40 0.14±0.02 30.78±0.05 

ab 30 - 0.40 0.14±0.02 32.46±0.05 

- a 6 - 0.27 0.14±0.02 32.22±0.05 

+ a 34 - 0.27 0.13±0.02 33.16±0.05 

- b 20 - 0.07 0.14±0.02 31.00±0.05 

+ b 20 - 0.46 0.14±0.02 31.11±0.05 

Cp1 20 - 0.27 0.14±0.02 30.67±0.05 

Cp2 20 - 0.27 0.14±0.02 31.43±0.05 

: *  ± 

 (1) = ; a = ; b = ; Cp =         
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  Vacuum Impregnation 

( )
( )

(1) 10 - 0.13    1.01±0.19 * 0.84±0.20 0.82±0.18 0.91±0.16 

a 30 - 0.13 1.06±0.22  0.83±0.23 0.98±0.16 0.94±0.16 

b 10 - 0.40 0.98±0.20  0.82±0.24 0.88±0.18 0.92±0.14 

ab 30 - 0.40 1.05±0.20  0.74±0.25 1.02±0.16 0.99±0.12 

- a 6 - 0.27 0.83±0.20  0.74±0.22 0.82±0.14 0.91±0.16 

+ a 34 - 0.27 1.10±0.15  0.82±0.27 1.02±0.24 0.97±0.07 

- b 20 - 0.07 0.84±0.27  0.88±0.18 0.88±0.31 0.93±0.12 

+ b 20 - 0.46 0.91±0.18  0.81±0.25 1.00±0.13 0.99±0.08 

Cp1 20 - 0.27 1.02±0.22  0.83±0.19 0.97±0.16 0.94±0.12 

Cp2 20 - 0.27 1.02±0.23  0.89±0.31 0.97±0.19 0.94±0.09 

: *  ± 

(1) = ; a = ; b = ; Cp = 
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 47 

 5.10 - 5.24  L ( )  58.13 - 63.14  a    

(  - )  0.61 - 1.46  b (  - )   26.50 - 29.48

 48 

 (Aw)  0.13 - 0.14  30.67 - 35.53 

/

 49 

 0.83 - 1.10 

 0.74 - 0.89  0.82 - 1.02 

 0.91 - 0.99  

 (Multiple 

regression)  (Y) 

 50 

 51 
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 50

 ( )

 Vacuum Impregnation 

 (Coded equation)  R2

0.97 + 0.072(X) + 0.035(Y) + 0.005(X)(Y) 

- 0.028(X) 2 - 0.018(Y) 2

0.94 + 0.024(X) + 0.018 (Y) + 0.008(X)(Y) 

- 0.003(X) 2 - 0.007(Y) 2

0.98

0.98

 :  X

        Y   

 51  (Decoded equation) 

 ( )

 Vacuum Impregnation 

 (Decoded equation)  R2

0.56 + 0.02(X) + 0.86(Y) - 0.003(X)(Y) 

- 0.0003(X) 2 - 1.01(Y) 2

0.90 + 0.002(X) - 0.19(Y) - 0.006(X)(Y) 

- 0.00003(X) 2 + 0.37(Y) 2

0.98

0.98

 :  X

        Y   
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 (P 0.05)

 20  - 0.46 

 1.00 

 23 

 (Interaction) 

 (P 0.05)  30 

 - 0.40  20 

- 0.46  0.99 

 24 
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  =  0.56 + 0.02( ) + 0.86( ) - 0.003( )( )

                               - 0.0003( ) 2 - 1.01( ) 2                 R2 = 0.98 

  ( )

5 10 15 20 25 30 35

  (
)

-.5

-.4

-.3

-.2

-.1
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.95

.95
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.95

.95
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.90

.90

1.00

1.00

.85

.85

.85

.80

.80

.90

.75

.85
.65
.70
.75
.80
.85

.90

.95

1.00

1.05

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )

 23

  =  0.90 + 0.002( ) - 0.19( ) - 0.006( )( )

                                - 0.00003( ) 2 + 0.37( ) 2                 R2 = 0.98 

  ( )

5 10 15 20 25 30 35

  (
)

-.5

-.4

-.3

-.2

-.1

1.02

1.00

1.00

.98

.98

.98

.96

.96

.96

.96

.94

.94

.94

.94

.94

.92

.92

.92

.92

.90

.90

.88
.90
.92
.94
.96
.98

1.00
1.02
1.04
1.06

5
10

15
20

25
30

35

-.5
-.4

-.3
-.2

-.1

(
)

( )
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Mean ideal ratio profile  1.00  52 

 52

 Vacuum Impregnation

( )
( )

( )

(1) 10  - 0.13 0.81 0.91 14.67 

a 30   - 0.13 0.97 0.94 20.00 

b 10   - 0.40 0.89 0.93 17.00 

ab 30    - 0.40 1.03 1.00 21.67 

- a 6  - 0.27 0.82 0.90 10.83 

+ a 34 - 0.27 1.02 0.97 20.00 

- b 20  - 0.07 0.88 0.93 19.17 

+ b 20  - 0.46 0.98 0.98 19.17 

Cp1 20   - 0.27 0.97 0.94 18.33 

Cp2 20  - 0.27 0.97 0.94 18.33 

: (1) = ; a = ; b = ;

                   Cp = 
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 25  (Optimization) 

Vacuum Impregnation

 Vacuum Impregnation 

 + b  20  - 0.46 

 1.00 

 ab 

 1.00  1.00 

     20              

               - 0.46 

     129 /100

Overlay Plot

X:  ( )

5.00 12.50 20.00 27.50 35.00
- 0.07

- 0.17

- 0.27

- 0.36

- 0.46

Aw: 0.13

a: 1.49

Color: 1.00

Flavor: 0.73

Sweet: 0.90 

Sweet: 1.00
Crispy: 0.92

      Crispy: 0.99 
Aw: 0.14
Shear: 5.16
L: 59.59
a: 1.14
b: 28.00
Color: 0.94
Flavor:  0.80 
Sweet: 0.98
Crispy: 0.98
X 20.00
Y - 0.46Y:

             ( )



 1

 Vacuum Impregnation 

 1.1 

 4 

 1.2 

 53

( )
( ) ( /100 )

0.10 60 52.30

0.30 60 125.00

0.30 60 128.00



93

 2   Vacuum Impregnation 

 54 

( ) ( ) ( /100 )

34.00 - 0.27 41.60

20.00 - 0.46 141.00

20.00 - 0.46 129.00

  1.

Vacuum Impregnation 

 Vacuum Impregnation 

 2. 
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(Ideal  Ratio  Profile  Test) 

:

1.

2.  I 

3.  X 

1.

 ............... 

       ........      ........ 

 ............... 

       ........          ........ 

...............

       ........       ........

2. -

 ............... 

       ........      ........

 ............... 

       ........   ........

 ............... 

       ........     ........

3.

 ............... 

       ........      ........

 ............... 

       ........      ........

 ............... 

       ........      ........

...................................................................................................................................................................................

...................................................................................................................................................................................
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  Hunter  Lab  (Minolta  Camera  Co;Ltd.,1991) 

 Minolta Camera : Model CR -310 

 Hunter Lab  L  (Lightness)  a 

(Redness/Greeness)  b  (Yellowness/Blueness) 

 L        0  100 

  a      a

  a

  b     b

  b

 (Calibration) 

(White blank ; L =97.67, a  = -0.18  b = 1.84) 

 (Petri dish) 

 3 

 Penetra force (Instron Model 5565, USA) 

 Instron, 1993 

Penetra force ( )  Instron (Series 5565)  200 

 3 
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  (Aw)  AOAC, 2005 

 (Aw - box, Novasina : AWC200, 

Switzerland)  25  3 

 (Total soluble solid : o Brix)

 AOAC, 2005

 Hand refractometer  ( o Brix)     

 3 

 (Reducing Sugars)  Lane and Eynon      

(AOAC 2005) 

-  Fehling no.1 

 (Copper sulfate pentahydrate : CuSO4.5H2O)  34.639 

 500 

-  Fehling no.2 

 (Sodium potassium tartrate  rechelle salt : 

KNaC4 O6 4H2O)  173  (Sodium hydroxide)  50 

 500 

-  Carrez I 

 Zinc acetate dehydrate 21.9  3 

 100 

-  Carrez II 
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  10.6  100 

-  1 

 1  100 

 (D1)

 5 

 250  Clearing agent 

Carrez I  Carrez II  5  250 

 20 

 (D1)

Preliminary titration 

 50  ( )

 Fehling reagent  Fehling no.1

 Fehling no.2  5  125 

 2 - 3 

 1 - 2 

 3 

Accrate titration 

 Fehling reagent  Fehling no.1 

 Fehling no.2  5  125 

 2 - 3 

 1 - 2  2  1 - 2 

 3 

 3 
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 (D2)

 100  

 250  6.34 

 10  70  10 

 5  250 

  (Sucrose )

  =  (D2 - D1) x 0.95 

        D1      =    

      D2     =    

  (Calcium) 

 100 

 2 

 Analytical Science Unit  Wet digestion and Atomic 

absorption spectrophotometry 
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  (Total Plate Count)  AOAC, 2000 

 1.  (Petri dish) 

 2.   (Test tube) 

 3. 1  10 

 4.  (Waterbath “Memmert’’ model 4999, Germany) 

 5.   (Incubater “Gallenkamp’’,England) 

 6.  (Autoclave “Gallenkamp’’ model AUX-700-010, England) 

 1.  0.1 (Merk,Germany) 

 2.   Plate   Count Agar (PCA) ( Merk,Germany) 

 1.  PCA  23.5  1 

 2.

 3.  121-124  15 

 4.  –  7.0±0.2  25 

 (Dilution) 10 -1,10-2 ,  10-3
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 1.  1 

 1  2 

 2.  PCA 

 15-20  1-5 

 3.

 30  48

 2 

 (Dilution)  300 

1 (N)

                                        N        =                        C 

                                                           v  (n1+ 0.1 n2) d

 C 

  v  (ml) 

  n1

  n2

  d
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 2  1.0-9.9 10 x 

 X 

 (10-3) = 171 194

 (10-4) = 14 20

  = 1 ml 

 N= (171 +194 +14+ 20) / (1x(2+(0.1x2))x10-3 =399/0.0022=181,363 

 1.8 x 105

 (Yeast and Mold)  AOAC, 2000

 1.  (Petri dish) 

 2.   (Test tube) 

 3. 1  10 

 4.  (Waterbath “Memmert’’ model 4999,Germany) 

 5.   (Incubater “Gallenkamp’’,England) 

 6.  (Autoclave“ Gallenkamp’’ model  AUX-700-010,England) 

 1.  0.1 (Merk,Germany) 

 2.  Potato Dextrose Agar  (PDA) ( Merk,Germany) 

 3.  10 

 1.  PDA 39  1 

 2.

 3.  121-124  15 
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 4. -  3.5

 10  (  100 

 1.9 )

 (Dilution) 10 -1,10-2 ,  10-3

 1.  1 

 1  2 

 2.  PDA 

 15-20  1-5 

 3.

 30  72

 2 

 (Dilution)  300 

1 (N)

                                        N     =                         C 

       v  (n1+ 0.1 n2) d

 C 

  v  (ml) 

  n1
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  n2

  d

 2  1.0-9.9 10 x 

 X 

 (10-3) = 171 194

 (10-4) = 14 20

  = 1 ml 

 N= (171 +194 +14+ 20) / (1x(2+(0.1x2))x10-3 =399/0.0022=181,363 

 1.8 x 105

. (Coliform and E.coli) AOAC, 2000 

 1.  (Petri  dish) 

 2.   (Test  tube) 10  (Durham    

     tube)* 

 3. 1  10 *

 4.  (Waterbath“ Memmert’’ model 4999,Germany) 

 5.   (Incubater“Gallenkamp’’,England) 

 6.  (Autoclave“Gallenkamp’’ model  AUX-700-010,England) 

   * (Hot  air  oven)  160-180 

  1.5

 -  Brilliant Green Lactose Bile Broth 

 -Peptone 
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 Brilliant  Green  Lactose  Bile  Broth  40 

  1000  Brilliant  Green  Lactose  Bile  Broth   10

  121-124  15 

  0.1  25  250 

 1.  1 

 9  1 : 10  (10-1)

 2.  1:10    (10-1)  1 

 9

1:100   (10-2)

 3.  10-3  2 

 (Presumptive coliform) 

 1.  1 

(10-1,10-2,10-3)  Brilliant  Green  Lactose  Bile  Broth

 3  5 

1   10-1  1 

  5

2   10-2  1 

  5

3   10-3  1 

  5

 2.  37±2  48 ± 3
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 (Positive)  

 (Negative) 

 1.  (Loop)  

 Eosin Methyl Blue  Agar

 2.  37±2  18-24 

 3.

 (Mucoid) 

 4.

E.coli
 1.  (Needle) 

 Brilliant Green Lactose Bile Broth   

 10  44.5 

 2. E.coli  Brilliant Green 

Lactose Bile Broth  10  2 

 3.   44.5± 0.5  48  

 4.  E.coli
 E.coli

E.coli
 1. E.coli

  Eosin Methyl Blue Agar 

 2.  37±2  18-24 
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 3. E.coli
 1 

 (Tryptone water)  44.5±0.5   24 

 4. E.coli
 5. E.coli

 6.   MPN   Coliform E.coli   1 

 7.    Coliform      E.coli
 ( Methyl  red)    –  (Voges-Proskauer)   (Citrate  test)  

E.coli

 (Man and Jones, 1994) 

 (Order and rate constant of reaction) 

    

d CA  =  k . CA
n

   dt 

 CA =   t 

 t  = 

 k  =  

 n  =  

 (n = 0)

 t

  CAt =  - kt +  CAo

CAt  t  k



122

 (n = 1)

 Logarithmic 

 t 

  In (CAt / CAo ) =- kt 

 In (CAt / CAo )  t  k 

 (n = 2)

 t 

Hyperbolic  1/CA

 (1/CAT) – (1/CAO)  =    -kt 

 In (C At / C Ao )  t  k 

 t 

  (Rate  constant ; k  values) 

 (Slope)  k 

 t 

Logarithmic  In (CAt / CAo )  t

 k  (t) 

  In (CAt / CAo ) = - kt 
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 (1)  K = 0.2146 – 56.85 (1/T) 

 5 oC  273+5= 278  K

 1/T = 1/278 = 0.0036 

 25 oC  273+25= 298  K

 1/T = 1/298 = 0.0034 

 (1) 

  K  5 oC     = 0.0099 

  K  25 oC   = 0.0213 

            In (CAt / CAo ) = - kt

In 0.7/1  =  0.3567 

 5 oC=  0.3567/0.0090     = 36       =  9

                               

 25 oC= 0.3567/0.0213    = 16    =  4
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 (2)  K = 0.1719 – 45.8 (1/T)  

 5 oC  273+5 = 278  K

 1/T = 1/278 = 0.0036 

 25 oC  273+25 = 298  K

 1/T = 1/298 = 0.0034 

 (2) 

  K  5 oC     = 0.0070 

  K  25 oC   = 0.0162 

 In (CAt / CAo ) = - kt

In   0.7/1 = 0.3567 

 5 oC=  0.3567/0.0070      = 50    =  12 

 25 oC=  0.3567/0.0162     = 22   =  5 
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