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Abstract

The  optimized  formulation  of  the  reduced-fat  fish  emulsion  mixed  with  

fiber  and  herbs  was  studied.  It  was  found  that  the  suitable  proportion  of  base  

system   was  73.3%  fish, 10.0%  lard, 14.0%  ice  and  2.7%  fat  replacement (soy 

protein  and  carrageenan  3:1  ratio). For  the  study  of  herbal  system  in  the  

formulation, the  best  proportion  of  the  herbal  system  were  39.59%  sage,  30.22%  

lemonbalm  and  30.19%  holy  basil.  These  have  been  used  at  0.2%  of  the  base  

system.  The  optimum  proportion  of  the  three  kinds  of  fiber  used  in  the  formula  

were  48.0%  carrot,  40.8%  black-mushroom  and  11.2%  seaweed.  These  have  

been  used  at  4  %  of  the  base  system.  Moreover,  the  optimal  ingredients  for  the  

formulation  were  0.22%  salt,  0.3%  sugar,  1.6%  pepper,  0.2%  MSG,  0.1%  sodium  

tripolyphosphate  and  0.1%  potassium  sorbate. 

The  study  of  suitable  process  for  chopping  the  reduced-fat  fish emulsion  

mixed  with  fiber  and  herbs  was  also  determined  and  found  that  the  increasing  

both  of  speed  and  time  of  chopping  would  appear  to  decrease  score  of  

firmness  and  overall  acceptability  (p 0.05).  The  speed  of  chopping  to  be  used  

was  at  the  low  speed  at  1273  rpm  for  8  minutes  which  was  the  optimum  since  

it  gave  the  highest  scores  of  firmness  and  overall  acceptabilities.  The  study  of  

temperature  together  with  time  for  cooking,  they  had  effects  to  firmness  and  

overall  acceptabilities.  The  optimum  conditions  were  at  73 C  for  42  min. 

The  panelists  accepted  the  final  product  with  mean  ideal  ratio  scores  of 

colour,  dispersion  of  ingredients,  fish  favour,  salty,  favour  of  herb,  firmness,  

juiciness  and  overall  acceptability  by  the  scores  of  1.01  1.00  1.01  1.00  0.97  0.94

1.04  and  0.92  respectively. 

The  reduced-fat  fish  emulsion  mixed  with  fiber  and  herbs  was  produced  

using  suitable  formula  and  processing.  The  product  was  subjected  to  investigate  

the  effect  of  temperature  on  quality  changes  during  storage  time.  Shelf-life  of  the 

reduced-fat  fish  emulsion  mixed  with  fiber  and  herbs  in  various  storage  



conditions  were  also  investigated.  The  suitable  storage  temperature  was  1  C

whereas  5 C  and  10  C  caused  more  rapid  quality changes.  For  the  prediction

of  shelf-life,  it  had  been  found  that  the  products  kept  in  polypropylene  at  1 C,  

5 C  and  10 C  had  shelf-life  of  34, 32  and  31  days  respectively. 
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 1 

 (Processed meat product)  

 (Fish emulsion)  

  20

  0.1   1   2  

 6  ( , 2543; Amy, 2000) 

 20 – 

40  (Dietary fiber)  

( , 2542)

  (Chin et al., 2000)

 (Porcella  et al., 2001)   

 (Water binding)  

 (Fat-like characteristic)  

(Paual et al., 1999 ; Yang et al., 2001)



( , 2541)
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  2 

  “ ”

 “ ”

 ( , 2544) 

 (Emulsion)   2 

 (Droplets)    Dispersed  phase  

Dispersed  phase   Continuous phase  

  0.1 – 0.5   ( , 2543) 

 Oil-in-water  emulsion  

 Continuous phase   Dispersed phase    Myofibrillar 

protein   Myosin    Actin  

  pH    Ionic strength  

  (Emulsifier)  

 (Emulsion)

Myofibrillar protein  (Hydrophilic)

 (Hydrophobic)  

  Myofibrillar  protein   Myosin 

   ( , 2539)  

 (Emulsion) 

  57 – 68   myosin 

(Coagulate)  
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  (Pearson and Gillett, 1999) 

 2.1 : 

 : Pearson and Gillett (1999) 

Oreochromis niloticus Linn.  

. . 2508

 ( , 2544)
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  9

1.

2.   40

3.

4.

5.

6.

40

7.

8.  ( , 2542) 

  Proximate  analysis

  19.05  0.95 ( , 2531) 

  45 – 50  ( , 2539)          

 (Glycogen)  

 1 – 3   18 – 20    0.1 – 2.2    66  - 84 

  0.8 – 2.0  ( )

  Thiamin (B1),  Riboflavin (B2)   Niacin (B6)

(Amy, 2000) 

 (Emulsifier)  

  3

1. Sarcoplasmic protein   Muscle plasma  

  Myogen  
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 Ionic strength    Sarcoplasmic protein  

2. Myofibrillar protein

(Myofibril)   66 - 77  

 Myofibrillar protein  

Myofibrillar protein   3

Myosin  

  ATPase activity  Actin

-helix myosin  

 Myosin

 Myosin  

Myosin  

  Myosin 

Actin  Myosin  

Myosin   Actomyosin  

Myosin    Acetonedried powder    Crude G-actin  

Globular type    Polymerization   F-actin   Fibrous type  

Myofibrillar protein   Actin   Myosin

  Actomyosin

Regulating protein    Tropomysin, Troponin   Actinin  
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3. Stroma protein   (Connective tissue)  

 3    10  

 Stroma  

protein

  0.01 - 0.1 M.   Stroma  protein  

 Collagen    Elastin   2   Connective tissue   Collagen  

  Collagen   Gelatin  

  Connective tissue  ( , 2538) 

1.   19.05 

2.  (Texture)  (Coagulate)  

 ( , 2536)

 (Fat) 

(Pork backfat)   (Saturated  fatty  acid)  

 (Kidney fat)

 Carbon atom 

 (Crystal)   3 

  Emulsifier  
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  30   ( ,

2539)

1.   Dispersed phase  

2.

3.

4.  ( , 2535) 

 (Water) 

 (Emulsion)  

 (Ice)

  20 – 30 

1.

 Emulsifier 

2.  (Continuous  phase)   (Emulsion)  

Dispersed phase

3.

4.

5.

 15  Emulsion  ( , 2533 ; Pearson and 

Gillett, 1999) 
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 (Salt)

 1 – 3   3  

  Myosin    Salting out  

1.  (Taste)   Basic taste characteristic  

2.  Myofibrilla  protein   Actin

 Myosin  

3.  (Juiciness)  Complex 

network  Actin   Myosin   (Cooking)  

 (Su et al., 2000) 

4.   Preservative  Osmotic pressure

(Dehydration)  

 (Spoilage)

5.

Oxidation  ( , 2539 ; Pearson 

and  Gillett , 1999) 
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 (Sodium  Tripolyphosphate, STPP) 

 Sequestrant  

  Sodium tripolyphosphate, 

Sodium hexametaphosphate   Tetrasodium pyrophosphate  

Bacillus

pantothenticus  (Softening spoilage) 

(Georg, 1965) 

1.  (Water-holding capacity, WHC)  

 Organic polyelectrolyte  

 Protein-phosphate-salt complexes 

 (Network) 

 (Cooked)  

 Polyphosphate  

 Pyrophosphate  Tripolyphosphate  

Bacillus pantothenticus

Softening

2.

3.  Rigor mortis   (Muscle 

fiber)  Contractile muscleprotein  

 (Actomyosin)  Actomyosin  

 Actin  Myosin  

 Magnesium ion  Muscle fiber 
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4.  Oxidation   Unsaturated fatty acid  

 (Rancidity)  (Kuo-Wei  and  Shu-Ni, 2002)  

 Ca, Mg, Fe   Cu (Complex formation)  

 Oxidation 

 Oxidation 

5.

. . 2522

  3,000 ./ . ( , 2529 ; , 2539 ; Pearson and Gillett, 1999)

 (Potassium sorbate) 

  Potassium sorbate  

  Metabolized  

-

-

-

 6.5   10 – 100 

 (Joseph and Anthony, 1995)  
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84  Sorbic acid   Calcium sorbate   Potassium sorbate  Sodium 

sorbate  2,000 ./ .

Benzoate  Paraben  ( , 2529) 

 (Sugar) 

  Corn syrup    Sorbitol

 2 

1.

2.

3.

4.  Amino acid protein   

Browning product    ( , 2535 ; Pearson and Gillett, 

1999 ) 

 (Monosodium-L-glutamate, MSG) 

 (MSG)  
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 ( , 2545)  

 (Pearson and Gillett, 1999)  

 120 .  1 .

 99  

 Sugar beet  

 ( , 2533) 

 (Pepper) 

Piper nigrum  Linn.

 ( ,

2540)

 (Lemon Balm) 

Melissa  Officinalis 

 0.5  
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 (Newcastle disease),  ,

 Antithyrotropic   Antigonadotropic activity    

Myobacterium phlei  

Streptococcus  hemolytica  

  (Keville, 1991) 

 (Sage) 

Salvia officinalis

 (Keville, 1991) 

 (Holy  basil) 

Ocimum sanctum Linn.

1.
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2.

3.

4.

5.

6.

7.

Mycobacterium tuberculosis Micrococcus  pyogenes

 ( ,  2540) 

 (Fiber) 

 Carbohydrate  

 (Glycosidic  bond)

 2 

1. Soluble dietary fiber    Pectin 

Gum

2. Insoluble dietary fiber    Cellulose, 

Lignin, Hemicellulose  

1. ,

Psyllium  Guar gum  Bean gum  
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 25  

2.

3.

 Transit time

4.

5.  Bulky  

6.

 ( , 2541) 

 (Seaweed) 

Enteromorpha prolifera  

 (Glutamic acid)  

1.

 (Alginic acid)   (Mannitol)  
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2.

3.  (Fiber)   40 – 

60

4.  1  4  (Alginic 

acid)  

 (Strontium-Sr)  

 (Fucodion)  ( , 2535) 

 (Carrot) 

Daucus carota, Linn.  

 ( -carotene)  

 (Antioxidant)  

  ( , 2540) 
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 (Black-mushroom)

Lentinus  edodes (Berk.) Sing 

21

 (Trehalose)  -  (D-Mannitol)  

-  (D-Arabitol)   (Glucose)  

 2  

100  76.9  

 ( , 2526) 

  3

1.  (Lentinan)

2.  (Eritadenin)   ( )

3.  (Ac 2 p)  

 ( , 2533) 

 (Fat replacer) 
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1.  (Fat like characteristic)  

 (Tenderness)   (Springness)  (Juiceness)  

2.  (Thickening agent)   (Bulking agent) 

 Hydrocolloids   (Emulsifying) 

 (Stability)  (Encapsulating) 

3.   (  1 

 4 kcal   1  9 kcal)  

 (Carrageenan) 

 Hydrocolloid  

Chrondrus crispus Gigartina stellata

 (Thickening agent)  

(Stability)   (Emulsifier)   (Water 

binder)  (Nussinovitch, 1997)  

 3 

1. -  (Kappa-carrageenan)   3,6 –anhydro-D-

galactose(3,6-AG)  34    Ester sulfate    25  



20

  (Syneresis)    

(Reversible)

2. -  (Iota-carrageenan)   3,6-AG  ester 

sulfate   32   Syneresis 

 Reversible

3. -  (Lambda-carrageenan)  Ester sulfate  

  25   3,6-AG

-

(Thickener) -  (Kappa-carrageenan) -

 (Iota-carrageenan) 

 syneresis  ( , 2543 ; , 2539) 

 50 – 80 

 50 – 60 

 (Bind water)  

 (Sliceability)   (Tenderness)  

 (Fat like characteristic)  

0.1 – 0.5  (Pearson and Gillett, 1999) 

(Soy protein)

 3 
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1.  (Soy flour)  

  50   20  (Macrae et al., 1993) 

2.  (Soy protein concentrates)  

 (Tuley, 1996)  

 70 (Macrae et al., 1993) 

3.   (Soy protein isolates)  

  90  

  (Macrae et al., 1993)

  (Gelation)  (Water  binding)

 (Fat absorption)   (Flavor binding) (Srinivasan and Alain, 

1997)

(Emulsifier)

  3

1.

  (Emulsifier)

2.

3.  Cooking 

yield

4.

    (Chin et al, 2000 ; Pearson and  Gillett, 1999) 
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 Low-density lipoprotein cholesterol (LDL-cholesterol) 

 (Potter, 2000) 

1.  (Short meat)  

  (   2.2)

 (Fat cap)       

 2.2

 : Pearson and Gillett (1999) 

2.  (Over chopping)  

  2.3  
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(Greasing out)

 2.3

 : Pearson and Gillett (1999) 

3.  (Heat Breakdown)  

 (Fat cap)  (Gelatin  pocket) 

 2.4

 : Pearson and Gillett (1999) 
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 (2539)  

 Myofibrillar protein   3 

 3  7, 10 

 13    3  0.3, 0.5  0.7  

 Myofibrillar protein

 0.5  

  10   0.7   13  

 2 

Paula et al. (1999)   Whey protein 

 0 – 3,        

Whey  protein (  35)    0 – 12  

 0 – 3   Response surface  

  Whey protein  

 (Cook loss)  

  Whey protein 

(   35)  8,   1.5

 3  

  20  

 3 

 (2543)  

 100:0, 80:20, 60:40   20:80  

 0, 5, 10, 15  20 
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 40:60  10 

 0, 1, 2, 3, 4  5   0, 0.1, 0.3 

 0.5   3 

 0.5 

 4 – 6 

 PA/LDPE  

 100  

- (pH)   (Aw)  

  12

Chin et al. (1999)  Soy protein isolate  

bologna  2   2 

 0.5  1  

 2 

 0.5   2  (Hardness)  

  2  

 1  

 (Cooking yield)         

 (Water holding capacity)  

 (hardness)  

 Soy protein isolate  

  0, 2.2  4.4   Soy protein 

isolate  (Yellowness)   (Redness)  

 (Softness)   Soy protein isolate       

 2  
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Pietrasik and Duda (2000)  

 3:1   0 – 3   20 – 40                 

  3  

 30  

 (Hardness)  Cooking  yield  

 (L) 

(b*)

Lin  and  Mei  (2000)  -

  15  

-

 (Water-holding  capacity)  

  76.7    82.2  

Porcella et al. (2001)     Soy protein isolate 

 Chorizor  

 Soy protein isolate    Soy protein isolate   2.5

 Soy protein isolate   

 Soy protein isolate    Soy protein isolate   

 Soy protein isolate  

 Soy protein isolate   
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Chorizor  14 

 4 – 7              

Yang  et al. (2001)   8 

-   starch    CarraFAT

  22    10  

  starch  

-

 CarraFAT 

Marta et al. (2001)  

  3    Carboxymethylcellulose  

10   15  starch  

  3 

  (1)   15    0.5  (2) 

10   0.5    0.4    (3)   10  

  0.5  Carboxymethylcellulose   0.1  3 

  18  



28

  10   Carboxymethylcellulose  

Garcia et al. (2002)

 2  3 

 1.5  3  

   6  10  

  25

 3  

 (Hardness)  

(Cohesiveness)    1.5  

 10  



 3 

1.

2.

3.

4.



30

  4 

  4

 1 

 (   1) 

 2 

  (   1) 

 3 

 (   2) 

 4 

 (   2) 

1

 1.1  ( Product profile ) 

  Ideal  Ratio  Profile

Ideal  Ratio  Profile  Test  
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 Ideal  product  profile     Ratio  

Profile   (Ratio)  

 (Fixed ideal)

  Ideal  

 (Ratio)

 (Ratio mean score)  

 1.00       

  Numerical  product  profile  

 (Cyclic profile)

 13 

 ( )    

 ( )

     74.07 

     12.59 

     11.11 

     2.23 
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 ( )

      1.75 

      1.5 

     0.5 

      0.5 

    0.07 

    0.08 

     1.82 

     0.35 

      4.55 

     0.07 

      0.07 

     0.07

1.  0 – 5        

2.

     3 

 STPP    1 

    4 

     2 

 10  15                 

3.

4.  80 – 90  30 

5.

6.  5 
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 1.2

 4   ( )

 (  3:1)  

Mixture design ( , 2539)  

 1.0  100 

XVERT

 4.1  :

( ) ( )

70

5

10

1

90

15

20

3

 Mixture  Design   4  XVERT  

 4.2 
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 4.2  :  Mixture  Design

( ) ( ) ( )  ( )

1

2

3

4

5

6

7

8

9

10

84

74

74

82

72

72

70

70

70

70

5

5

15

5

5

15

9

15

7

15

10

20

10

10

20

10

20

14

20

12

1

1

1

3

3

3

1

1

3

3

 ( )

-   L   a , b  (Minolta camera, Chroma Meter 

CR-310,Japan)

-  (Shear force)  Instron Model 5565, USA 
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-   (Water content )  AOAC (1998) 

-  (Aw)    ( Aw– box

, Novasina : AWC 200, Switzerland)

- -   (pH) -   (Micro- 

processor  pH meter, Hanna Instruments: 

Model HI 9021,USA.)

 (Sensory  evaluation) 

 Ideal  ratio profile  

 1.1

  ( , 2539) 

  8 – 12 

 100   5   1  

 3  (Attributes)

 (Statistic  analysis) 

 SPSS version  10.0  POM 

 1.3 

 3 

 Mixture design ( , 2539)
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 4.3  :

 ( ) ( )

30

20

20

70

50

50

 Mixture  Design   3  XVERT  

 4.4 

 4.4  :  Mixture Design

  ( )   ( )   ( )

1

2

3

4

5

6

30

30

60

30

45

45

50

20

20

35

20

35

20

50

20

35

35

20

 2  

 4.4 

 1.2 

  ( )
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 1.2 

 1.4

 3 

 Mixture design

 4.5  :

  ( )   ( )

40

30

5

90

50

15

 Mixture  Design   3  XVERT  

 4.6 

 43.6 :  Mixture  Design

  ( )   ( )  ( )

1

2

3

4

5

65

45

55

40

40

30

50

30

50

45

5

5

15

10

15

 7  

 4.6
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 1.2

 ( )

 1.2 

 1.5

 8 

 Plackett and Burman design ( N=12 ) ( , 2539)  

  12

 (-)  ( )  (+)  ( )

A

B

C

D    

E

F

G

H

I, J  K  Dummy variables 

1.0

1.0

0.5

0.2

0.1

0.05

0.2

4.0

2.5

3.0

2.0

0.5

0.2

0.1

0.5

7.0
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 4.7 :  Plackett  and  Burman  design 

 A B C D E F G H I J K 

1 + + - + + + - - - + - 

2 + - + + + - - - + - + 

3 - + + + - - - + - + + 

4 + + + - - - + - + + - 

5 + + - - - + - + + - + 

6 + - - - + - + + - + + 

7 - - - + - + + - + + + 

8 - - + - + + - + + + - 

9 - + - + + - + + + - - 

10 + - + + - + + + - - - 

11 - + + - + + + - - - + 

12 - - - - - - - - - - - 

 : +   - 

 1.2 

 1.2 

 1.6

 Central Composite Design (CCD)  

 5  (+1)   (-1)   (0)  
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 1.2  

  2

  2

  2.1

 2  

  22  factorial  experiment  

  2  

Duncan’s  multiple-rang  test  (DMRT)  4.8 

 4.8  :   22 Factorial experiment

( ) (rpm)

1

2

3

4

5

8

14

8

14

11

1273

1273

1907

1907

1589
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 1

 1.2 

 (  1.2) 

 2.2

 22 Factorial 

experiment with 2 center points  4.9

 3.9  :  22 Factorial experiment with 2 center points 

 ( )  ( )

(1)

a

b

ab

cp1

cp2

73

87

73

87

80

80

28

28

42

42

35

35

 1

 1.2 

 (  1.2) 
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 3

-  L   a, b  (Minolta camera, Chroma 

Meter CR-310,Japan) 

-   (Shear force)  Instron Model 5565 ,USA 

-   (Water content )  AOAC (1998) 

-  (Aw)    ( Aw– box

, Novasina : AWC 200,Switzerland)

- -   (pH) -   (Micro- 

processor  pH meter, Hanna Instruments: 

Model HI 9021,USA.)

-  Semi-micro Kjeidahl distillation 

(AOAC,  1998)

-  AOAC (1998)

-  The Fertilisers  and  Feeding  

Stuffs Regulation, 1976(

, 2544)

-  Thiobarbituric acid 

number

  Pearson, 1976 

-  Mohr  (AOAC ,1998) 

-  AOAC (1998) 

-  AOAC (1998)
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-  Total  plate  count  (AOAC, 1998)

-  Pour plate  (AOAC, 1998)

-   Coliform E. coli   MPN  (AOAC, 1998)

  (Sensory  evaluation) 

 Ideal  ratio profile  

 1.1

 4

  1, 5, 

10, 20   30  6 

  Ideal  Ratio  Profile  technique  ( , 2539) 

 Thiobarbituric acid number 

-  (pH)  1.2

 3 
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  5 

 1.1  ( Product profile ) 

  Ideal Ratio Profile Test  

  13  

1.   13  ( )

  7

  1

  1

2.     9

  10

  11

    3

    4

3.   10

  10

    2

    3

4.   13
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1.

2.

3.

4.

5.

6.

7.

8.

50

 (Ratio profile test)  

 (Sample)  

 (Ideal)  

 (Mean  ideal  ratio  score)  

(Standard deviation) 

  1.00  

  1.00  

  1.00  
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  (Standard deviation) 

 0

  0.5  

  0.5

 5.1 

 (Profile)  5.1 

 5.1 :

1.

2.

3.

4.

5.

6.

7.

8.

0.98

0.79*

1.33*

1.06

0.81*

0.75*

1.12*

0.76*

0.13

0.21

0.40

0.18

0.17

0.13

0.15

0.08

 *   Ideal ratio score   Ideal (1.00)  

  95  (p 0.05)
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 5.1 : 

  5.1  

 8 

 (p 0.05)

 (p 0.05)  

0

1 *

*

*

*

*

*
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 (p 0.05)  

 (p 0.05)  

 (p 0.05)  

(p 0.05)

(Fixed  ideals)  
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 1.2

 4 

 (  3:1)  

Mixture design   10    10  

SPSS version 10.0  (Linear  Regression)  

 POM   (Linear Programming)  

 (Constrains)  

 Lag range  

 5.2,  5.3  5.4

  5.2 :

L a B (N)

1 67.64 + 0.54 -0.80 + 0.14 15.02 + 0.24 4.18 + 0.43 

2 66.96 + 0.16 -0.54 + 0.12  16.15 + 0.16 2.96 + 0.25 

3 70.28 + 0.38 -0.44 + 0.09 16.24 + 0.19 3.20 + 0.12 

4 66.92 + 1.13 -0.89 + 0.03 16.44 + 0.19 5.05 + 0.36

5 66.52 + 0.52 -0.25 + 0.13  16.43 + 0.21 4.71 + 0.50

6 70.48 + 0.87 -0.40 + 0.06 16.65 + 0.38 4.51 + 0.27 

7 65.67 + 1.08 0.33 + 0.03 12.54 + 0.52 2.86 + 0.49

8 67.28 + 0.63 0.58 + 0.03 14.01 + 0.47 4.88 + 0.23 

9 68.61 + 0.41 -0.01 + 0.14 14.48 + 0.19 3.05 + 0.07 

10 68.40 + 0.45  -0.06 + 0.07 15.25 + 0.24 6.57 + 1.06 

:  +
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  5.2  

 L          

( )  L    65.67     70.48  

 6  L  

 a ( )   -0.89    0.58   

 b ( )   12.54    16.65  

  (Gelation)  

(Water  binding)   Hydrophillic  

 (Emulsifier)  (Pietrasik  and  Duda, 2000 ; Cofrades  et al., 2000)      

  Cooking  yield   (Hardness)  

(Xiong et al., 1999)  

  3:1  

  (Pietrasik  and Duda, 2000)
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 5.3 : 

 – 

(pH) (Aw) ( )

1 6.63 + 0.06 0.88 + 0.03 74.32 + 0.09 

2 6.23 + 0.02 0.87 + 0.03 74.12 + 0.42 

3 6.44 + 0.05  0.88 + 0.03 66.86 + 0.22 

4 6.24 + 0.03 0.85 + 0.03 68.12 + 0.50 

5 6.18 + 0.01 0.86 + 0.03 71.44 + 0.14 

6 5.68 + 0.02  0.90 + 0.03 68.39 + 0.07 

7 5.75 + 0.02 0.88 + 0.03 70.15 + 0.36 

8 5.66 + 0.27  0.89 + 0.03 66.37 + 0.37 

9 5.88 + 0.07  0.86 + 0.03 69.25 + 0.17 

10 6.64 + 0.02 0.87 + 0.03 63.71 + 0.21 

:  +

 5.3  

 10 

 63.71   74.32   

 10 

-  (pH)  

 (Aw)  

 5.66  6.64   0.85   0.90
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 5.4 :

1 0.98 + 0.06 0.96 + 0.07 1.00 + 0.20 1.01 + 0.09 

2 0.96 + 0.09 0.96 + 0.07 0.98 + 0.11 1.03 + 0.09 

3 0.95 + 0.09 0.98 + 0.03 0.97 + 0.22 1.04 + 0.14 

4 0.96 + 0.08 0.95 + 0.07 0.96 + 0.10 0.97 + 0.06 

5 0.97 + 0.06 0.98 + 0.09 0.96 + 0.10  1.04 + 0.08 

6 0.96 + 0.09 0.95 + 0.07 0.93 + 0.10  0.98 + 0.05 

7 0.95 + 0.07 0.96 + 0.03 1.01 + 0.15 1.08 + 0.11 

8 0.92 + 0.08 0.96 + 0.05 0.95 + 0.16  1.00 + 0.05 

9 0.95 + 0.09 0.97 + 0.06 1.03 + 0.19 1.03 + 0.09 

10 0.95 + 0.07 0.95 + 0.06 0.99 + 0.19 1.05 + 0.12

1 0.94 + 0.09 0.92 + 0.13 1.02 + 0.09 0.81 + 0.11 

2 0.96 + 0.15 0.75 + 0.19 1.17 + 0.20 0.71 + 0.13 

3 0.93 + 0.11  0.90 + 0.13 1.00 + 0.14 0.79 + 0.10 

4 0.95 + 0.08  0.89 + 0.18 1.00 + 0.14 0.80 + 0.07 

5 0.94 + 0.10 0.85 + 0.17 1.08 + 0.15 0.79 + 0.09 

6 0.93 + 0.17 0.97 + 0.10 0.97 + 0.11 0.82 + 0.10

7 0.90 + 0.16 0.74 + 0.15 1.18 + 0.18 0.71 + 0.09 

8 0.92 + 0.14 0.93 + 0.12 1.03 + 0.09 0.82 + 0.07 

9 0.96 + 0.13 0.92 + 0.12 1.01 + 0.14 0.80 + 0.08 

10 0.90 + 0.14 0.95 + 0.08 0.99 + 0.11 0.83 + 0.09 

:  +
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 (Mean ideal ratio score)

  5.2

  5.2 :

0

1

Ideal

 1

 2

 3

 4

 5

0

1

Ideal

 6

 7

 8

 9

 10



54

  5.3   5.2  

  2  

 2 

 (  Mean ideal  ratio) 

 (Linear regression)  

 (Regress)  

  4  (Interaction)

 (Interaction)  .1

 (Linear regression)   Partial derivatives  

 Lag range  

 (POM)  

.1
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 5.5 :

 ( )

 73.83 9.11 14.44 2.62 

 74.17 9.17 14.05 2.61 

 73.53 9.22 14.69 2.58 

 74.00 9.16 14.30 2.54 

 71.90 11.87 13.26 3.00 

 70.88 11.60 14.82 2.72 

 71.27 11.00 14.94 2.82 

 76.50 9.12 11.74 2.64 

 (Mean) 73.30 10.00 14.00 2.70 

 (SD) 1.84 1.23 1.07 0.15 

  5.5  

 :    

  :   :  5.5  

    73.30 + 1.84 

     10.00 + 1.23 

 14.00 + 1.07 

 2.70 + 0.15 
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 1.3

  Mixture  design ( , 2539) 

  6    6  

 1.2  

 SPSS version 10.0  

 (Linear  Regression)   POM  

(Linear Programming)  

 (Constrains)   Lag range  

 5.6, 5.7  5.8 

 5.6 :

L a b  (N) 

1 65.24 + 0.35 1.33 + 0.13 16.66 + 0.24 5.07 + 0.06 

2 67.38 + 0.71 1.33 + 0.06 17.40 + 0.30 5.03 + 0.01 

3 67.80 + 0.54 0.96 + 0.06 17.40 + 0.15 5.17 + 0.04 

4 62.49 + 0.40 1.58 + 0.10 16.76 + 0.22 5.69 + 0.12 

5 65.01 + 0.77 1.30 + 0.03 16.59 + 0.32 5.07 + 0.04 

6 69.47 + 0.80 1.22 + 0.16 17.99 + 0.31 5.04 + 0.03 

:  +

  5.6    6  

 L, a, b  L ( )  62.49  69.76 

 a ( - )  0.96  1.58   b ( - )  16.59 
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17.99  6  L, a   b  

 5.03  5.69

 5.7 :

-

(pH) (Aw) ( )

1 6.59 + 0.01 0.89 + 0.03 63.20 + 0.08 

2 6.56 + 0.01 0.86 + 0.03 61.13 + 0.01 

3 6.52 + 0.01 0.88 + 0.04 61.58 + 0.09 

4 6.54 + 0.03 0.86 + 0.03 62.29 + 0.23 

5 6.52 + 0.04 0.85 + 0.05 61.81 + 0.01 

6 6.51 + 0.01 0.86 + 0.04 62.17 + 0.12 

:  +

 5.7  

 6  (Aw)   0.85    0.89  

 61.13    63.20  -

 6.51  6.59
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 5.8 :

1 0.98 + 0.16 0.94 + 0.05 1.02 + 0.11 0.97 + 0.06 

2 0.96 + 0.11 0.95 + 0.05 1.05 + 0.15 0.95 + 0.08 

3 0.98 + 0.14 0.90 + 0.12 1.04 + 0.17 0.97 + 0.08 

4 1.00 + 0.14 0.91 + 0.09 1.01 + 0.18 0.98 + 0.06 

5 0.97 + 0.10 0.91 + 0.12 1.07 + 0.18 0.96 + 0.07 

6 0.97 + 0.06 0.93 + 0.09 1.03 + 0.14 0.98 + 0.10 

1 0.89 + 0.14 0.92 + 0.14 0.98 + 0.07 0.78 + 0.10 

2 0.88 + 0.13 0.95 + 0.15 0.97 + 0.09 0.78 + 0.09 

0.89 + 0.15 0.98 + 0.09 0.97 + 0.07 0.77 + 0.10 3

4 0.88 + 0.12 0.93 + 0.14 0.97 + 0.12 0.73 + 0.10 

5 0.87 + 0.09 0.97 + 0.11 0.97 + 0.07 0.77 + 0.09 

6 0.91 + 0.08 0.97 + 0.07 1.00 + 0.06 0.81 + 0.09 

:  +

 (Mean ideal ratio score)

 5.3 
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 5.3 : 

 5.8   5.3  

 (  Mean ideal  ratio) 

 (Linear regression)  

 (Attribute)   (Regress)  

  3  (Interaction)

 (Linear regression)   Partial derivatives   Lag 

range

0

1

Ideal

 1

 2

 3

 4

 5

 6
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 (POM)  .1

 5.9 :

 ( )

 39.33 30.32 30.36 

 40.30 30.00 29.68 

 38.03 29.48 32.49 

 39.53 30.41 30.07 

 39.75 30.56 29.69 

 39.64 30.12 30.24 

 39.80 30.42 29.81 

 40.31 30.42 29.07 

 (Mean) 39.59 30.22 30.19 

 (SD) 0.72 0.34 1.02 

  5.9  

 :  :  5.9  

     39.59 + 0.72 

    30.22 + 0.34 

    30.19 + 1.02 
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 1.4

 Mixture design   5       

  5  

 1.2   1.3  

 SPSS version 10.0  

 (Linear  Regression)   POM  

 (Linear Programming)  

 (Constrains)   Lag 

range

5.10, 5.11  5.12 

 5.10 :

L a b  (N) 

1 63.81 + 0.40 2.13 + 0.20 18.35 + 0.10 5.01 + 0.01 

2 63.31 + 0.28 2.39 + 0.08 18.04 + 0.19 4.46 + 0.03 

3 57.78 + 0.26 2.12 + 0.02 18.87 + 0.05 5.11 + 0.11 

4 61.88 + 0.94 1.78 + 0.14 17.75 + 0.25 5.94 + 0.10 

5 55.41 + 0.02 2.37 + 0.10 18.06 + 0.06 6.64 + 0.12 

:  +

  5.10   5   L, a   b 

 L ( )

 55.41  63.81   L 
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 3  5   3  5 

 a ( - )  1.78  2.39  

 b ( - )  17.75  18.87   5   

 a  b   4  a  b 

  4  

 4.46  6.64

 5.11 :

-

(pH) (Aw) ( )

1 6.58 + 0.08 0.88 + 0.03 62.37 + 0.22 

2 6.78 + 0.01 0.91 + 0.02 62.49 + 0.13 

3 6.82 + 0.02 0.89 + 0.02 60.19 + 0.16 

4 6.85 + 0.03 0.88 + 0.03 64.22 + 0.32 

5 6.81 + 0.01 0.90 + 0.03 62.20 + 0.15 

:  +

 5.11  

 5  (Aw)   0.88 

0.91  Aw  

 60.19  64.22   4  

-  (pH)  

 6.58  6.85 
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 5.12 :

1 0.99 + 0.07 0.97 + 0.05 0.97 + 0.08 1.07 + 0.12 

2 0.97 + 0.08 0.88 + 0.16 0.97 + 0.12 1.04 + 0.11 

3 0.88 + 0.16 0.94 + 0.10 0.99 + 0.08 1.06 + 0.16 

4 0.87 + 0.09 0.95 + 0.08 1.02 + 0.14 1.00 + 0.08 

5 0.79 + 0.18 0.91 + 0.13 0.96 + 0.13 1.04 + 0.10 

1 0.87 + 0.14 0.98 + 0.07 0.96 + 0.06 0.81 + 0.08 

2 0.86 + 0.14 0.98 + 0.11 0.96 + 0.11 0.80 + 0.08 

0.88 + 0.15 1.02 + 0.13 0.91 + 0.11 0.76 + 0.07 3

4 0.92 + 0.15 1.01 + 0.08 0.92 + 0.07 0.79 + 0.08 

5 0.93 + 0.15 1.10 + 0.11 0.82 + 0.10 0.70 + 0.10 

:  +

 (Mean ideal ratio score)

  5.4
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 5.4 : 

 5.12   5.4  

 (  Mean ideal  ratio)  

 (Linear regression)  

 (Regress)  

  3   (Interaction)  

 Partial derivatives  

0

1

Ideal

 1

 2

 3

 4

 5

 6
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Lag range  

 (POM)  .1

 5.13 :

( ) ( ) ( )

 47.56 41.67 10.77 

 49.66 38.55 11.80 

 50.70 38.05 11.24 

 49.83 38.20 11.93 

 42.26 47.52 10.23 

 (Mean) 48.00 40.80 11.20 

 (SD) 3.41 4.04 0.71 

  5.13  

: :

 5.13

 48.00 + 3.41 

 40.80 + 4.04 

 11.20 + 0.71 



66

 1.5  

  Plackett and Burman  

  12

 5.14 :

L a b (N)

1 69.19 + 0.44 -0.40 + 0.09 15.76 + 0.31 2.94 + 0.10 

2 68.56 + 1.27 0.90 + 0.15 17.56 + 0.41 3.68 + 0.06 

3 62.65 + 0.22 -0.14 + 0.11 19.73 + 0.46 4.30 + 0.14 

4 65.13 + 2.62 0.39 + 0.08 17.18 + 0.52 4.64 + 0.38 

5 68.07 + 0.68 -0.62 + 0.05 19.50 + 0.11 3.30 + 0.22 

6 64.73 + 0.46 -0.45 + 0.04 18.39 + 0.65 3.70 + 0.20 

7 72.05 + 0.63 -0.57 + 0.01 16.34 + 0.32 4.40 + 0.14 

8 68.94 + 0.77 0.39 + 0.18 18.77 + 0.36 5.12 + 0.49 

9 69.74 + 0.30 -0.59 + 0.07 18.62 + 0.27 3.34 + 0.29 

10 63.44 + 1.10 -0.05 + 0.06 18.69 + 0.29 3.65 + 0.18 

11 63.09 + 1.62 0.42 + 0.07 17.03 + 0.26 4.19 + 0.16 

12 71.50 + 0.51 -0.17 + 0.20 16.53 + 0.07 3.20 + 0.13 

:  +
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 5.15 :

 – 

(pH) (Aw) ( )

1 6.52 + 0.15 0.86 + 0.04 66.90 + 0.05 

2 6.70 + 0.03 0.88 + 0.04 67.90 + 0.07 

3 6.73 + 0.02 0.88 + 0.04 66.71 + 0.04 

4 6.71 + 0.01 0.89 + 0.04 66.25 + 0.05 

5 6.72 + 0.01 0.86 + 0.05 68.64 + 0.13 

6 6.67 + 0.04 0.88 + 0.04 67.09 + 0.04 

7 6.79 + 0.01 0.89 + 0.04 68.89 + 0.04 

8 6.73 + 0.02 0.89 + 0.04 68.11 + 0.08 

9 6.79 + 0.03 0.89 + 0.04 66.85 + 0.10 

10 6.66 + 0.02 0.87 + 0.04 65.87 + 0.01 

11 6.71 + 0.06 0.88 + 0.04 65.67 + 0.07 

12 6.79 + 0.01 0.87 + 0.03 68.86 + 0.37 

:  +
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 5.16 :

1 1.06 + 0.14 0.90 + 0.15 1.02 + 0.10 1.06 + 0.16 

2 0.97 + 0.05 0.91 + 0.11 0.97 + 0.15 1.21 + 0.20 

3 0.94 + 0.08 0.96 + 0.10 0.95 + 0.17 0.81 + 0.13 

4 0.94 + 0.10 0.99 + 0.04 0.93 + 0.15 0.99 + 0.20 

5 1.01 + 0.10 0.92 + 0.13 0.98 + 0.08 1.09 + 0.17 

6 0.93 + 0.13 0.93 + 0.12 1.01 + 0.09 1.14 + 0.15 

7 0.98 + 0.12 0.94 + 0.07 1.00 + 0.15 0.86 + 0.15 

8 0.96 + 0.10 0.94 + 0.10 0.95 + 0.22 0.86 + 0.14 

9 0.95 + 0.08 0.94 + 0.11 1.04 + 0.15 0.81 + 0.14 

10 0.83 + 0.30 0.97 + 0.11 0.89 + 0.17 1.34 + 0.27 

11 0.93 + 0.15 0.97 + 0.05 0.97 + 0.17 0.87 + 0.16 

12 1.07 + 0.15 0.92 + 0.13 1.02 + 0.13 0.85 + 0.15 

:  +
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 5.16 :

 ( )

1 0.92 + 0.09 0.95 + 0.10 1.01 + 0.04 0.79 + 0.12 

2 1.07 + 0.21 0.98 + 0.07 0.96 + 0.04 0.77 + 0.14 

3 0.93 + 0.13 0.99 + 0.02 0.95 + 0.05 0.72 + 0.06 

4 1.03 + 0.10 1.02 + 0.06 0.95 + 0.05 0.74 + 0.10 

5 1.01 + 0.12 0.96 + 0.09 0.98 + 0.04 0.79 + 0.15 

6 0.96 + 0.07 0.95 + 0.05 0.98 + 0.07 0.79 + 0.07 

7 1.02 + 0.11 1.026 + 0.06 0.95 + 0.06 0.78 + 0.09 

8 1.10 + 0.21 1.02 + 0.05 0.91 + 0.07 0.71 + 0.13 

9 0.97 + 0.04 0.97 + 0.04 0.96 + 0.06 0.79 + 0.06 

10 1.12 + 0.15 1.01 + 0.06 0.98 + 0.08 0.69 + 0.10 

11 1.11 + 0.16 0.98 + 0.11 0.95 + 0.12 0.67 + 0.11 

12 0.92 + 0.11 0.98 + 0.07 0.97 + 0.04 0.76 + 0.11 

 (Mean ideal ratio score)

  5.5 
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 5.5 : 

0

1

Ideal

 1

 2

 3

 4

 5

 6

0

1

Ideal

 1

 2

 3

 4

 5

 6
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  2   (Major  factors)  

 (Minor  factors)  

 (Effect)  

  =   

        

  Dummy (Effect  of  Dummy)  

  (Varience  of  effect) =  (   Dummy)2

             Dummy 

 Dummy

   =   ( )1/2

  t-test 

t-value =     

        

 t-value  

  t-test   Degree  of  freedom   Dummy  
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  85    p 0.15

 (Main effect)  

 (Interaction  effect)  ( , 2539) 

 5.17 :

Effect t-value Effect t-value Effect t-value Effect t-value

 -0.015 -1.800  -0.008 -1.987 a -0.022 -6.789 c 0.295 5.901 c

 0.015 1.800  0.012 2.782 b 0.008 2.611 b -0.105 -2.100 a

 -0.072 -8.600 c 0.032 7.550 c -0.068 -21.41 c 0.045 0.900 

 -0.018 -2.200 a -0.008 -1.987 a 0.002 0.522 0.048 0.967 

STPP 0.005 0.600 -0.018 -4.371 c 0.032 9.922 c 0.002 0.033 

- -0.005 -0.600 -0.002 -0.397 -0.018 -5.745 c 0.045 0.900 

-0.075 -9.000 c 0.032 7.550 c -0.008 -2.611 b 0.022 0.433 

-0.055 -6.600 c 0.005 1.192 -0.015 -4.700 c 0.035 0.700 
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 5.17 :

 ( )

Effect t-value Effect t-value Effect t-value Effect t-value

 0.010 0.304 -0.015 -1.053 0.028 2.109 a 0.023 1.382 

 -0.037 -1.115 -0.015 -1.053 0.008 0.620 0.000 0.000 

 0.093 2.838 b 0.028 1.990 a -0.025 -1.861 -0.067 -3.948 c

 -0.017 -0.507 0.002 0.117 0.012 0.868 0.013 0.790 

STPP 0.017 0.507 -0.022 -1.522  -0.002 -0.124 0.007 0.395 

- 0.067 2.027 a 0.008 0.585 0.002 0.124 -0.023 -1.382 

0.043 1.318 0.012 0.819 -0.002 -0.124 -0.013 -0.790 

0.003 0.101 -0.005 -0.351 -0.005 -0.372 -0.003 -0.197 

 5.18 :

 L  a  b  (N) 

Effect t-value Effect t-value Effect t-value Effect t-value

 -1.475 -0.766 0.072 0.774 0.060 0.159 -0.440 -1.005 

 -1.892 -0.983 -0.165 -1.782  0.207 0.547 -0.173 -0.396 

 -3.912 -2.032 a 0.785 8.478 c 0.587 1.554  0.783 1.789 

 0.695 0.361 -0.135 -1.458 -0.167 -0.441 -0.307 -0.700 

STPP 0.235 0.122 0.238 2.574 b -0.257 -0.680 -0.087 -0.198 

-

0.412 0.214 -0.128 -1.386 -0.370 -0.980 0.123 0.282 

 -1.788 -0.929 -0.135 -1.458  -0.217 -0.574 0.230 0.525 

-1.992 -1.035 -0.338 -3.654 c 2.267 6.004 c 0.060 0.137 
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 5.19 :

-  (pH) (Aw) ( )

Effect t-value Effect t-value Effect t-value

 -0.093 a -2.211 -0.011 -1.282 -0.407 -0.715 

 -0.027 -0.632 -0.001 -0.120 -0.950 -1.670

 -0.007 -0.158 0.007 0.801 -1.120 -1.969 a

 -0.023 -0.553 0.001 0.080 -0.250 -0.439 

STPP -0.047 -1.106 0.004 0.441 -0.450 -0.791 

 -0.043 -1.027 -0.007 -0.841 0.070 0.123 

 0.023 0.553 0.009 1.122 -1.083 -1.904

 0.013 0.316 -0.003 -0.361 -0.200 -0.352 

 Degree  of  freedom   3 

  a   85  t-table   1.924 

  b   90  t-table   2.353 

  c   95  t-table   3.182 

-  (pH)  (p 0.15)

 (p 0.05)   (p 0.15)  

 (p 0.05)   (p 0.15)  
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  2.5        

 (I=1.00)

 (p 0.10)  

  (p 0.15)  

 L 

( )  (p 0.15)   a  ( )

 (p 0.10)  

(p 0.05)   (p 0.15)  

 (p 0.05)  

  (p 0.15)

 (p 0.05)

  (p 0.05)
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  (p 0.15)  

  (p 0.05)  

 (p 0.15)     (p 0.10)  

  (p 0.15)  

 (p 0.15)

 2 

1.  (Minor  factors)

      3.0 

      0.5 

  0.1 

  0.1 

     0.2 

  4.0 
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2.

  85  

(p 0.15)   (Major  factors)  2 

  1 – 2.5

  1.5  - 2.5 

  0.5 – 2.0

  1.5  - 2.5 
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 1.6

  2  

  22  Factorial  

experiment  (Central  composite  design,CCD)

 = 2(k-p)/4 

 = Length  of  star  Point 

 k = 2 (Number  of  factor) 

 p = 0 (Fractionalization  element) 

 = 2(2-0)/4 

       = 1.414 

 5   +

  +1.414    -   -1.414   –1  

  +1

(+1/-1) =  (  0) +  (+ )  (- )

  2.5 

 1.5 

  2 

 +1   2 + (2.5 – 2)    =  2.35 

    1.414 

 -1   2 - (2 – 1.5)    =  1.65 

             1.414 
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  5.20 :

 (A)  (B) 

 ( )  ( )

1 (1) -1 1.65 -1 1.65 

2 a +1 2.35 -1 1.65 

3 b -1 1.65 +1 2.35 

4 ab +1 2.35 +1 2.35 

5 - a - 1.5 0 2 

6 + a + 2.5 0 2 

7 - b 0 2 - 1.5

8 + b 0 2 + 2.5

9 cp1 0 2 0 2 

10 cp2 0 2 0 2 

10

  5.21  5.22   5.23 
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 5.21 :

L a b (N)

1 64.79 + 0.78 0.24 + 0.07 15.52 + 0.28 3.70 + 0.23 

2 65.72 + 1.48 0.62 + 0.09 15.44 + 0.31 2.97 + 0.09 

3 63.51 + 1.64 -0.12 + 0.09 17.40 + 0.31 3.36 + 0.34 

4 63.45 + 1.59 0.01 + 0.11 16.73 + 0.52 3.13 + 0.32 

5 65.36 + 1.17 0.18 + 0.25 16.06 + 0.44 3.17 + 0.25 

6 65.01 + 1.17 0.24 + 0.03 16.98 + 0.33 3.20 + 0.21 

7 68.30 + 0.86 0.56 + 0.09 16.36 + 0.23 3.21 + 0.22 

8 62.84 + 2.62 0.12 + 0.08 16.65 + 0.74 3.51 + 0.24 

9 63.68 + 2.34 0.40 + 0.10 15.71 + 0.42 3.46 + 0.40 

10 62.71 + 0.76 0.31 + 0.09 16.35 + 0.02 3.74 + 0.20 

:  +
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 5.22 :

 – 

(pH) (Aw) ( )

1 6.67 + 0.16 0.87 + 0.04 68.29 + 0.15 

2 6.88 + 0.03 0.91 + 0.04 69.74 + 0.14 

3 6.89 + 0.02 0.87 + 0.05 64.16 + 0.11 

4 6.81 + 0.10 0.88 + 0.05 68.45 + 0.21 

5 6.91 + 0.01 0.86 + 0.04 68.64 + 0.08 

6 6.87 + 0.01 0.88 + 0.04 64.39 + 0.13 

7 6.89 + 0.01 0.87 + 0.05 67.97 + 0.15 

8 6.85 + 0.01 0.88 + 0.05 68.21 + 0.26 

9 6.93 + 0.01 0.89 + 0.04 68.77 + 0.22 

10 6.93 + 0.01 0.89 + 0.04 68.43 + 0.14 

:  +
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 5.23 :

1 1.00 + 0.15 0.98 + 0.05 0.94 + 0.13 1.02 + 0.24 

2 0.97 + 0.19 0.95 + 0.07 0.94 + 0.24 1.00 + 0.25 

3 1.09 + 0.12 0.98 + 0.05 1.11 + 0.31 0.95 + 0.25 

4 1.07 + 0.13 0.97 + 0.04 1.00 + 0.20 1.00 + 0.22 

5 1.06 + 0.13 0.97 + 0.09 0.91 + 0.17 1.04 + 0.19 

6 1.06 + 0.13 0.97 + 0.05 0.90 + 0.24 0.99 + 0.19 

7 0.97 + 0.15 0.98 + 0.08 0.93 + 0.17 0.93 + 0.20 

8 1.08 + 0.13 0.97+ 0.05 0.85 + 0.21 0.97 + 0.24 

9 1.01 + 0.10 0.99 + 0.06 0.90 + 0.22 1.01 + 0.25 

10 1.04 + 0.11 1.00 + 0.06 0.85 + 0.20 0.94 + 0.20 

1 0.97 + 0.11 0.86 + 0.19 0.98 + 0.14 0.76 + 0.14 

2 0.99 + 0.15 0.84 + 0.17 0.97 + 0.14 0.75 + 0.15 

3 0.99 + 0.09 0.81 + 0.25 0.97 + 0.24 0.68 + 0.20 

4 1.04 + 0.11 0.87 + 0.19 0.99 + 0.16 0.73 + 0.14 

5 1.01 + 0.13 0.87 + 0.19 0.97 + 0.13 0.75 + 0.14 

6 0.98 + 0.12 0.80 + 0.24 0.97 + 0.17 0.73 + 0.16 

7 0.95 + 0.12 0.95 + 0.09 0.98 + 0.13 0.82 + 0.16 

8 0.95 + 0.14 0.92 + 0.11 0.94 + 0.13 0.78 + 0.15 

9 0.98 + 0.10 0.88 + 0.09 0.99 + 0.15 0.73 + 0.18 

10 0.99 + 0.13 0.87 + 0.10 1.00 + 0.16 0.74 + 0.15 

:  +
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 (Mean ideal ratio score)

  5.6 

 5.6 : 

0

1

Ideal

 1

 2

 3

 4

 5

0

1

Ideal

 6

 7

 8

 9

 10
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   (Stepwise  multiple  regression)  

  ( )  ( )

 Stepwise  

regression  

 ( , 2536) 

  SPSS version 10.0  

  Polynomial    (Quadratic  regression  model)  

  95  (p 0.05)

(Coded  equation)

 =  1.022 + 0.0423(P) + 0.01607(S)2

 =  0.898 – 0.03858(S)2

R2  =  0.9170

R2  =  0.4530

 (Aw) =  0.878 + 0.01212(S)

 L    =  64.537 – 1.409(P)

 a    =  0.256 – 0.199(P)  

 b    =  16.32 – 0.448(P)

R2  =  0.4530

R2  =  0.6180

R2  =  0.6670

R2  =  0.4290

   S    ( )

 P    ( )

 R2   Coefficient  of  determination 
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  (Coded  equation)  

  (Decoded  equation)     R2

  0.8000  

  (Predict  equation)

 =  – [(  + )/2]

         [(  - )/2]

  (Decoded  equation)

 =  1.106 + 0.0864(P) – 0.2517(S) + 0.06428(S)2 R2  =  0.9170

  5.24 

 5.24  :

  ( )

1.6

1.8

2.0

2.0

2.2

2.2

2.3

1.5

1.5

1.6

1.5

1.6

1.8

1.6

0.99

0.99

0.99

0.98

1.00

1.02

1.01
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Response  Surface  Methodology  (RSM)  

 5.7  

 (Interaction) 

(Quadratic equation)   5.7    5.24  

  2.2    1.6  

  1.00

 5.7  :

  0.999
  1.008
  1.018
  1.028
  1.037
  1.047
  1.056
  1.066
  1.075
  1.085
 above
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 2.1

  2  

  22 Factorial experiment

  ( , 2539)  

5.25,  5.26   5.27

 5.25 :

L a b (N)

1 68.35 + 1.77 0.34 + 0.43 14.17 + 0.55 3.51 + 0.98 

2 68.64 + 1.91 -0.02 + 0.48 14.79 + 0.91 2.84 + 0.25 

3 65.23 + 1.14 0.11 + 0.22 14.46 + 0.64 2.92 + 0.20 

4 68.80 + 0.57 -0.27 + 0.21 15.27 + 0.28 2.60 + 0.38 

5 68.68 + 2.19 -0.07 + 0.50 15.67 + 1.04 2.91 + 0.42 

:  +

 5.26 :

 –  (pH)  (Aw)  ( )

1 6.79 + 0.02 0.89 + 0.04 64.78 + 0.08 

2 6.83 + 0.05 0.90 + 0.04 65.05 + 0.16 

3 6.81 + 0.06 0.90 + 0.05 65.50 + 0.09 

4 6.80 + 0.04 0.90 + 0.05 64.93 + 0.71 

5 6.76 + 0.02 0.91 + 0.04 63.63 + 1.56 

:  +
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 5.27 :

1 1.04 + 0.07 0.94 + 0.09 1.02 + 0.15 1.08 + 0.13 

2 1.00 + 0.11 0.97 + 0.10 1.04 + 0.14 1.04 + 0.15 

3 1.04 + 0.07 0.95 + 0.08 1.01 + 0.11 1.06 + 0.13 

4 1.06 + 0.10 0.98 + 0.18 1.00 + 0.15 1.07 + 0.11 

5 0.98 + 0.08 0.94 + 0.11 1.03 + 0.17 1.07 + 0.16 

1 0.96 + 0.11 0.94 + 0.09a* 1.00 + 0.09 0.81 + 0.08a

2 0.96 + 0.16 0.87 + 0.13a 1.01 + 0.14 0.71 + 0.11b

0.98 + 0.09 0.91 + 0.13a 1.03 + 0.12 0.77 + 0.08ab3

4 0.91 + 0.18 0.73 + 0.25b 1.00 + 0.19 0.60 + 0.17c

5 0.97 + 0.12 0.90 + 0.12a 1.04 + 0.13 0.77 + 0.09ab

:  +   *

 P 0.05

 (Mean ideal ratio score)  

  5.8 
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 5.8 :  

  5.25  

 (P>0.05)   L ( )   65.23 – 

68.80  a ( - )   -0.27 – 0.34   b  ( - )

14.17 – 15.67   2.60 – 3.51 

  5.27    5.10  

 (P>0.05)   

  0.98 – 1.04    0.94 – 0.98  

  1.00 – 1.04    1.04 – 1.08    0.91 – 

0.98   1.00 – 1.04   

  (P 0.05)

0

1

Ideal

 1

 2

 3

 4

 5
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 (Over chopping)  

 (Pearson and Gillett, 1999)

  1  

  0.94   1 

  1    0.81  

 2 

 1  

 1    0.94          

  1.02   0.96   1.08   1.00 

 1   1273  rpm   8
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 2.2  

 22

Factorial experiment  

  5.28,  5.29   5.30

 5.28 :

L a b (N)

1 69.87 + 0.86 -0.01 + 0.11 14.59 + 0.37 3.51 + 0.30 

2 65.45 + 0.24 0.05 + 0.02 16.53 + 0.30 3.33 + 0.30 

3 68.00 + 0.46 0.26 + 0.10 15.99 + 0.29 2.79 + 0.18 

4 67.13 + 0.37 0.25 + 0.09 18.81 + 0.09 3.37 + 0.14 

5 60.91 + 1.79 0.34 + 0.09 17.31 + 0.56 3.66 + 0.31 

6 68.78 + 3.15 -0.15 + 0.06 17.14 + 0.54 3.69 + 0.27 

:  +

 5.29 :

 –  (pH)  (Aw)  ( )

1 6.67 + 0.16 0.90 + 0.03 65.55 + 0.11 

2 6.88 + 0.03 0.88 + 0.04 67.45 + 0.08 

3 6.89 + 0.02 0.88 + 0.04 65.33 + 0.14 

4 6.81 + 0.10 0.89 + 0.03 65.63 + 0.34 

5 6.93 + 0.01 0.88 + 0.04 67.45 + 0.04 

6 6.93 + 0.01 0.87 + 0.04 69.57 + 0.10 

:  +
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 5.30 :

1 0.99 + 0.11 0.96 + 0.08 1.04 + 0.09 1.03 + 0.05 

2 0.97 + 0.10 0.97 + 0.08 1.02 + 0.04 1.05 + 0.08 

3 0.97 + 0.10 1.00 + 0.01 1.01 + 0.06 1.05 + 0.08 

4 0.97 + 0.10 0.96 + 0.08 1.02 + 0.08 1.03 + 0.05 

5 0.97 + 0.10 0.96 + 0.08 1.00 + 0.06 1.02 + 0.08 

6 0.97 + 0.10 0.98 + 0.04 1.01 + 0.03 1.05 + 0.08 

1 0.98 + 0.09 0.90 + 0.13 1.00 + 0.07 0.76 + 0.08 

2 1.00 + 0.05 1.01 + 0.08 1.00 + 0.05 0.83 + 0.07 

1.01 + 0.05 0.99 + 0.06 0.96 + 0.10 0.85 + 0.07 3

4 1.01 + 0.05 0.93 + 0.10 0.98 + 0.11 0.81 + 0.09 

5 1.00 + 0.05 0.95 + 0.08 0.98 + 0.05 0.82 + 0.11 

6 1.01 + 0.05 0.97 + 0.09 0.95 + 0.10 0.82 + 0.10 

:  +

 (Mean ideal ratio score)  

  5.9 
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 5.9 :  

(Stepwise  multiple  regression)    (

)  ( )

 Stepwise  regression  

 ( , 2536) 

  SPSS version 10.0  

  Polynomial    (Quadratic  regression  model)  

  95  (p 0.05)

(Coded  equation)

0

1

Ideal

 1

 2

 3

 4

 5

 6
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             =  0.958 – 0.0425(T*M)

        =  0.815 - 0.0275(T*M) + 0.0175(M)

R2  =  0.8940

R2  =  0.9340

   T    ( )

 M    ( )

 R2   Coefficient  of  determination 

  (Coded  equation)  

  (Decoded  equation)   R2

  0.8000   1.6

  (Decoded  equation)

=  -1.471 – 8.673*10-4(T*M) + 0.0304(T) + 0.0694(M)

=  -0.8439 – 5.612*10-4(T*M) + 0.0196(T) + 0.0474(M)

R2  =  0.8940

R2  =  0.9340

   T    ( )

 M    ( )

 R2   Coefficient  of  determination 

 1  

4.10   4.11   1  
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   5.31 

 5.31 : 

 ( )  ( )

73

73

73

87

86

40

41

42

28

29

0.99

0.99

1.00

1.00

0.99

0.85

0.85

0.86

0.83

0.82

 5.31    73   42  

 1  1.00  

  0.86  
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 5.10  :

 5.11  :

  0.923
  0.931
  0.939
  0.946
  0.954
  0.962
  0.970
  0.977
  0.985
  0.993
 above

  0.778
  0.786
  0.794
  0.803
  0.811
  0.819
  0.827
  0.835
  0.844
  0.852
 above
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  3

      73.30 

      10.00 

      14.00 

  2.70 

(   3:1) 

     0.20

      39.59 

     30.22 

      30.19 

  4.00

      48.00 

     40.80 

     11.20

      2.20

      3.00

  1.60

      0.20

  0.10

  0.10
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  5.12 

 0-5

  3 

 STPP   1 

  3 

  1 

  73  42

  5

 5 

  5.12 :
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      1.01 + 0.02 

    1.00 + 0.01 

      1.01 + 0.02 

       1.00 + 0.01 

      0.97 + 0.05 

      0.94 + 0.04 

      1.04 + 0.05* 

     0.92 + 0.08* 

 L ( )      69.19 + 0.49 

 a (  – )     0.31 + 0.07 

 b (  – )    15.04 + 0.39 

 ( )     6.06 + 0.12 

 (Aw)    0.90 + 0.03 

  ( )     69.20 + 0.15 

 –  (pH)    6.85 + 0.01 

  ( )    2.73 + 0.12 

 ( )     26.29 + 0.07 

 ( )     7.87 + 0.03 

 ( )     2.34 + 0.31 

 ( )     1.85 + 0.12 

 Thiobarbituric acid number    0.51 + 0.02 
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      280.27 + 2.34

      30 /

      

Escherichia coli.      

 :  +

*

 (P 0.05)

  26.29  

 7.87         

 20 – 30         

  60.65 – 

73.76

  182 . . 2541

  25  

 (Pearson and Gillett, 1999)   

  1*106 cfu/

  MPN  500  cfu/ E. coli   3 cfu/

 Ideal ratio profile technique 

  5.13 
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 5.13 : 

  1.01 + 0.02    1.00 + 0.01       

  1.01 + 0.02    1.00 + 0.01    0.97 + 0.05  

0.94 + 0.04    1.04 + 0.05    0.92 + 0.08

 (P 0.05)

(P 0.05)  

 (P 0.05)

0

1

*

*
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  Multiple regession                       

 = 0.297 + 1.643( ) – 0.781  ( )

– 0.182( )

R2 = 0.9990
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 4  

 1   2  

  5    1,  5,  10,  20    30

  Polypropylene (PP)  

  7,  14,  21,  28    35  

  5

  Syneresis

  20    30  

  2  

  20   30

  1, 5    10  
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 (Shear  force)

  5.32    5.14  

(P 0.05)   6.06  

  7  

 (P>0.05) 

 L ( )

 L ( )   5.32  

5.15  L ( )

 L ( )

  (P>0.05)   

 L ( )  (P>0.05) 



  5
.3

2 
:  

 L
 (

)

  5

 (
)

(
)

7
14

21
28

35
**

1 
6.

06
 +

 0
.1

2 
2.

53
 +

 0
.1

4 
5.

92
 +

 0
.1

6 
2.

38
 +

 0
.1

1 
3.

19
 +

 0
.1

6 
2.

26
 +

 0
.1

7 
3.

72
 +

 1
.7

9 

5 
6.

06
 +

 0
.1

2 
2.

90
 +

 0
.4

7 
5.

49
 +

 0
.3

1 
2.

59
 +

 0
.4

4 
3.

15
 +

 0
.0

9 
2.

73
 +

 0
.1

7 
3.

82
 +

 1
.5

4 

10
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06
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 0
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76
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 0
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49

 +
 0
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1 

2.
23

 +
 0
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23

 +
 0

.2
8 

2.
60

 +
 0
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4 

3.
73

 +
 1

.6
3 

* 
6.

06
 +

 0
.0

1d*
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73

 +
 0
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9a  
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 +
 0

.2
4c

2.
40
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 0
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 +
 0

.0
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 0
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69
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49
 

67
.2

8 
+ 

0.
31
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47
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19
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69
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49
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16

 
70
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18
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49
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10
 

69
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49
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.8
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18
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.5
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0.
75
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0.

43
 

68
.1
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90

 
66

.7
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45
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3.
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* 
69
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01
ab

*  
66
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71
a  

67
.7
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1.
93

ab
72
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10
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71
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45
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70
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  5.14 :  (Shear  force)  

  5

  5.15 :  L ( )

 5
 1  5  10 

0

2

4

6

8

10

0 7 14 21 28 35

 ( )

 (

40
45
50
55
60
65
70
75
80
85
90

0 7 14 21 28 35

 ( )

 L
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 a ( - )

 a ( - )   5.33

  5.16   a ( - )

 (P 0.05)    0.31  

  28    35  

 a ( - )

 (P>0.05) 

 b  ( - )

 b  ( - )   5.33      

  5.17  

 b  ( - )  (P>0.05) 



  5
.3

3 
:

 a
 (

-
)

 b
 (

-
)

  5

 a
 (

-
)

(
)

7
14

21
28

35
**

1 
0.

31
 +

 0
.0

7 
0.

38
 +

 0
.0

6 
0.

36
 +

 0
.1

0 
0.

55
 +

 0
.1

4 
0.

50
 +

 0
.0

9 
0.

78
 +

 0
.2

3 
0.

48
 +

 0
.1

7 

5 
0.

31
 +

 0
.0

7 
0.

33
 +

 0
.1

4 
0.

39
 +

 0
.0

7 
0.

26
 +

 0
.1

6 
0.

53
 +

 0
.2

2 
0.

41
 +

 0
.0

5 
0.

37
 +

 0
.0

9 

10
 

0.
31

+ 
0.

07
 

0.
27

 +
 0

.0
9 

0.
33

 +
 0

.1
0 

0.
24

 +
 0

.1
4 

0.
78

 +
 0

.0
9 

0.
62

 +
 0

.2
5 

0.
43

 +
 0

.2
2 

* 
0.

31
+ 

0.
01

a*
 

0.
33

 +
 0

.0
5a  

0.
36

 +
 0

.0
3a  

0.
35

 +
 0

.1
7a  

0.
60

 +
 0

.1
5b  

0.
60

 +
 0

.1
9*

 b
 (

-
)

(
)

7
14

21
28

35
**

1 
15

.0
4 

+ 
0.

39
 

14
.2

5 
+ 

0.
19

 
13

.8
6 
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0.

16
 

13
.9
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0.
35
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38
 

14
.7
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29
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20
 

14
.9

2 
+ 

0.
20

 
14
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0.
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  5.16 :  a ( - )

  5

  5.17 :   b (  – )

 5
 1  5  10 

0

0.25

0.5

0.75

1

1.25

1.5

0 7 14 21 28 35

 ( )

 a

12

14

16

18

0 7 14 21 28 35

 ( )

 b
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  5.34    5.18  

 (P 0.05)   69.20

 35  

  7

 (P>0.05) 

 (Aw)

 (Aw)    5.34      

  5.19  

 (Aw)  (P>0.05) 



  5
.3

4 
: 

 
 (A

w)
  

  5

 (
)

(
)

7
14

21
28

35
**

1 
69

.2
0 

+ 
0.
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  35   1, 5    10  

(Total plate  count)

Logarithmic  

0.00

2.00

4.00

6.00

8.00

10.00

0 7 14 21 28 35

 ( )

 (L
og

 c
fu

/g
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 k   Arrhenius  ( )

  5.41 

 5.41 :

 ( )  (k ; 1/ )

1

5

10

0.0434

0.0467

0.0478

  5.41   (k)  

 k   k  -1

  5.31  (k)  

 k  

 (Linear  regression)  

k =  0.18 – 37.196 (1/T)     R2 = 0.8910 

  T  ( )

 k  

Arrhenius  

  1.48   6.76  Log cfu/
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  5.31 : 

  1

  34   5   32

  10   31

  1

0.043

0.044

0.045

0.046

0.047

0.048

0.049

0.00352 0.00354 0.00356 0.00358 0.00360 0.00362 0.00364 0.00366

1/  (1/K)

 (k
 ; 

1/
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1.

  5.42 :

 1 

batch  5 . ( ) / . ( )

 / 1 

batch ( )

 9162.50 70.00 641.38 

 500.00 45.00 22.50 

 700.00 2.00 1.40 

 101.25 180.00 18.23 

 33.75 1100.00 37.13 

 3.96 900.00 3.56 

 3.02 388.00 1.17 

 3.02 800.00 2.42 

 96.00 30.00 2.88 

 81.60 150.00 12.24 

 22.40 320.00 7.17 

 110.00 10.00 1.10 

 150.00 14.00 2.10 

 80.00 130.00 10.40 

 10.00 100.00 1.00 

STPP 5.00 800.00 4.00 

Potassium Sorbate 5.00 1000.00 5.00 

 1 batch ( ) 773.66 

 1  (1 batch   35 )

  135    ( )
22.10



134

2.  0.25 /

3.

 30    6.71 /

4.

-     22.10  /

-    0.25  /

-     6.71  /

    29.06 /   (135 )



  6 

1.

2.

 (  3:1)    

Mixture Design 

    73.30 + 1.84 

    10.00 + 1.23 

    14.00 + 1.07 

 2.70 + 0.15 

3.   3 

 Mixture Design 



136

 :  : 

    39.59 + 0.72 

 30.22 + 0.34 

 30.19 + 1.02 

4.  3 

 Mixture Design 

 39.60 + 3.41 

 30.20 + 4.04 

 30.20 + 0.71 

5.

  Plackett  and  Burman  design  

  3.0,  0.5,  0.1,  0.1,  0.2    4.0  

6.

22  Factorial  experiment  (Central  composite  design,CCD) 

  1.5  -  2.5  

 =  1.106 + 0.0864(P) – 0.2517(S) + 0.06428(S)2 R2  =  0.9170
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   S   ( )

 P   ( )

  2.2   1.6

7.

 (P>0.05)  

 (P>0.05)  

 (P 0.05)  

   1273    8  

8.

  22  Factorial  experiment  with 2 center  points  

=  -1.471 – 8.673*10-4(T*M) + 0.0304(T) + 0.0694(M)

=  -0.8439 – 5.612*10-4(T*M) + 0.0196(T) + 0.0474(M)

R2 =  0.8940

R2  =  0.9340

   T    ( )

 M    ( )
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  73  

  42  

1.00   0.86 

9.

  (P 0.05)  

 (P>0.05)  

 = 0.297 + 1.643( ) – 0.781  ( )

– 0.182( )

R2 = 0.9990

10.

  1  5   10

  7,  14,  21,  28   35

 (P>0.05)  

 L  b  

-  (pH)

 (P 0.05)
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k =  0.18 – 37.196 (1/T)     R2 = 0.8910 

  T  ( )   k

 k 

Arrhenius  

  1  

34   5    32    10  

31

11.

 30

-     22.10  /

-    0.25  /

-     6.71  /

     29.06 /   (135 )
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1.

 (Emulsifier)  

  0.1   

  5  

(Emulsifier)

0

 (Emulsifier)  

2.   15          

  18  

  20

3.

 (Stuffer)  

4.

 (Over chopping)   
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 Hunter Lab 
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 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 

 (   Shear  force)    Instron (Series  

5500) (Instron  Corperation, 1993) 

  shear force ( )

 Instron Series  5500    Warner  Bratzler  Meat  Shear-

Compression  (2830-013)   Crosshead   200 /

 (Calibration)  

  1    2  

  1     5  

-  (pH)  AOAC, 1998 
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 10   100  pH  

Microprocessor  pH  meter

-  4.00   7.00   3 

 (Aw) 

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

  25  3 

  AOAC, 1998 

1.  (mouisture can)  

30

2.  5 

  105

3.  20 

4.

 ( , )  =   (A – B) x 100 

                 A 

  A =  ( )

  B =  ( )

 AOAC, 1998 



156

1.  porcelain  crucible   (  7 )

  500-550    1  .

2.   5   porcelain  crucible 

  500-550  

3.  desiccator  

 ( ) = (  crucible   -   crucible ) X 100 

                         

  Mohr  (AOAC, 1998) 

-   5    4.2  

  0.7   100 

-   0.1    16.988  

 1 

-   0.5  

  20  1 

1.

2.   porcelain  basin

3.   5   0.5 

4.   0.1 
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1   0.1 

  0.005845

 AOAC, 1998 

-  40 – 60

1.  2 

2.  Thimble 

3.  Thimble   Soxlet  Extraction  Apparatus  

 trimble  Flask  

 Trimble 

Flask

4.  Flask  Water – bath  65 

(   40 – 600C)

5.  Flask   Water bath 

 100   45

6.

 = (   - ) X 100 
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 AOAC, 1998

- Kjeldahl  digestion  flask 

- Markham  Semi – micro  Kjeldahl  distillation  Apparatus 

-  (Catalyst  mixture)   96 

 3.5  0.4

-  2    2  

  100 

-  0.016  

 0.083

-  50    50  

  100

-  0.05 

1.  1 – 2  Kjeldahl  digestion  flask  

 8   20  

  1    (  2 )   (

Blank )

2.  Kjeldahl  digestion  flask   

  500  

  2   50  2 – 3 

Condenser   Condenser

3.   125   Kjeldahl  digestion  flask  

  50    75  

  Condenser   300  

 Condenser
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  0.05 

4.

 (Crude protein)

 ( )

=  (ml.H2SO4Sample – ml. H2SO4Blank) X conc. H2SO4 X 0.014 X 6.25 X 100 

                                               g. Sample 

ml.H2SO4Sample

  ml. H2SO4Blank

Blank

 conc. H2SO4

 g. Sample 

  Thiobarbituric  acid  number (TBA)  Pearson, 1976 

- Thiobarbituric  acid  reagent    Thiobarbituric    0.2883  

  90  

100  90

- Acetic  acid  90

-   4 

- anti-foaming
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1.  10   50   mechanical  blender  

  distillation flask

2.   blender    47.5  

 4  2.5   pH  1.5 

3.   anti-foaming   electric mantle

4.   50  (  10 )

5.  5 

Thiobarbituric  acid  reagent  5  35 

6.  blank    5  Thiobarbituric  

acid  reagent 5 

7.  10  O.D.   538 

 blank

  TBA number = 7.8 * O.D. (  malonaldehyde )

 The Fertilisers  and  Feeding  Stuffs  Regulation, 1976 

( , 2544) 

-  40 – 60 

-   0.1275  (0.255 )

 1.25  100 

-  0.313 

 1.25  100 

-  1   ( )

 10  1 
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-  95  ( )

-

1.

2.  2.7 – 3.0 

3.  1 

0.1275  200    (  30 – 40 

 200 )

4.  1  (  glass bead)  

 30 

 (

)

5.  54 

 531   suction  

 30  1 

  suction  10 

6.   washed bottle  

 0.313  200 

 1  30 

7.   30    6   suction  5 

8.

 1

9.  2  3 
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10.

  boiling-

water bath

11.   100  

12.  500 – 550 

3 .  desiccator

 ( ) =  (  – ) X 100 

 ( )

 AOAC (1998) 

-

 5  250  1 

-

 1 : 1 

-

 0.134  100 

 1  2  3  4  5  6   100 

 5  250  100 

 1 

 5  250 
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 ( )

 Blank 

 5 

 10  (  Blank )

 100  1  10 

 4   5 

 100  1 

 ( )  5 

 250  3 
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 (Total Plate Count)  AOAC, 1998 

-  (Petri dish)* 

-  10  (Test tube)* 

-  1  10 *

-  (memmert : Model WB14, Germany) 

-  (Hareus : Model D-6450 Hanau, Germany) 

-  (Hariyama : Model HA-300MIV, Japan) 

 *  (Hot air oven)   160 – 180      

 1.5 

-  Plate Count Agar (Bactor   Plate  Count  Agar, Difco Laboratory, 

USA)

- Peptone (Bactor   Peptone, Difco Laboratory, USA) 

 Plate Count Agar (PCA)   23.5  

1,000

 121 – 124   15 

-   7.0 +  25 

 0.1   25 

250  9 

 90 

 121 – 124  15 
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1.

1.

2.  10 

 (Stomacher bag)    90 

(Stomacher)  1:10  

(10-1)

3.  1:10   (10-1)  1 

 9 

 1:100  (10-2)

2.

1.  1 

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

2.  Plate Count Agar (PCA)  

45 – 55  15 – 20 

3.

3.

  34 + 2  48 + 3 

4.

 30 – 300  2 

  Mesophilic  aerobic  bacteria
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 (Yeast  and  Mold)  AOAC, 1998 

-  (Petri dish)* 

-  10  (Test tube)* 

-  1  10 *

-  (memmert : Model WB14, Germany) 

-  (Hareus : Model D-6450 Hanau, Germany) 

-  (Hariyama : Model HA-300MIV, Japan) 

 *  (Hot air oven)   160 – 180 

 1.5 

-  Potato Dextrose Agar (Bactor  Dextrose Agar, Difco Laboratory, 

USA)

- Peptone (Bactor   Peptone, Difco Laboratory, USA) 

-  10 

 Potato  Dextrose Count Agar (PDA)   39  

 1,000

 121 – 124  15 -

 3.5  10  (

100  1.9 )

 0.1   25 

250  9 

 90 

 121 – 124  15 
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1.

1.

2.  10 

 (Stomacher bag)    90 

(Stomacher)  1:10  

(10-1)

3.  1:10   (10-1)  1 

 9 

 1:100  (10-2)

2.

1.  1 

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

2.  Potato  Dextrose Count Agar (PDA)  

 45 – 55  15 – 20 

3.

3.

  30 + 2  72 + 3 

5.

 30 – 300  2 

.   (Coliform  and  E.coli )    MPN (Most 

Probable  Number  Method)  AOAC, 1998 



168

-  (Petri dish)* 

-  10  (Test tube)  (Durham 

tube)*

-  1  10 *

-  (memmert : Model WB14, Germany) 

-  (Hareus : Model D-6450 Hanau, Germany) 

-  (Hariyama : Model HA-300MIV, Japan) 

 *  (Hot air oven)   160 – 180 

 1.5 

-  Brilliant  Green  Lactose  Bile  Broth (Bactor  Brilliant  Green  

Lactose  Bile  Broth, Difco Laboratory, USA) 

- Peptone (Bactor   Peptone, Difco Laboratory, USA) 

 Brilliant  Green  Lactose  Bile  Broth   40  

 1,000   Brilliant  Green  Lactose  Bile  Broth  10  

 121 – 124  15 

 0.1   25   250  
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1.

1.

2.  10 

 (Stomacher bag)    90 

(Stomacher)  1:10  

(10-1)

3.  1:10   (10-1)  1 

 9 

 1:100  (10-2)

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 

 (Positive)  

 (Negative)

3.

1.  (Loop)  

 Eosin Methyl Blue Agar

2.  37 + 2  18 – 24 
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3.

(Mucoid)

4.

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

5. E.coli
1. E.coli

 Eosin Methyl Blue Agar

2.  37 + 2  18 – 24 

3.  E.coli 

 1 

(Tryptone water)  44.5 + 0.5 

24

4. E.coli

5. E.coli

6.  MPN  Coliform E.coli  1 
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7.  Coliform E.coli

(Methyl  red)  -  (Voges-Proskauer)   (Citrate test)  

E.coli

.1 : 
 (Dilution tube method)  

 (Most probably number)   1  1  5 
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 10-1  10  5  10-2  5 

 10-3   1 

5  10 –1

 1 .

5  10 –2

 1 .

5  10 –3

 1 .

MPN

5  10 –1

 1 .

5  10 –2

 1 .

5  10 –3

 1 .

MPN

0

0

0

0

0

0

0

0

0

1

1

1

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

0

0

0

1

1

1

2

2

3

0

0

0

0

1

1

1

2

2

2

3

3

4

0

0

0

0

1

0

1

2

0

1

2

0

1

0

0

1

2

3

0

1

2

0

1

2

0

1

0

0

1

2

3

0

0

12

4

2

4

6

4

6

6

6

4

6

8

4

6

6

6

8

10

8

10

11

5

7

9

12

7

3

3

3

3

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

4

4

4

0

0

1

1

1

3

2

2

2

3

3

4

4

5

0

0

0

0

1

0

1

2

2

2

3

3

3

1

2

0

1

2

3

0

1

2

0

1

2

1

0

0

1

2

3

0

1

2

0

1

2

0

1

2

11

13

11

14

17

20

14

17

20

17

21

21

24

25

13

17

21

25

17

21

26

22

26

32

27

33

39

.1 :  ( )
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5  10 –1

 1 .

5  10 –2

 1 .

5  10 –3

 1 .

MPN

5  10 –1

 1 .

5  10 –2

 1 .

5  10 –3

 1 .

MPN

2

2

2

2

2

2

2

2

2

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

1

1

2

2

2

3

3

4

0

1

1

1

1

2

2

2

2

2

2

3

3

3

3

3

1

2

0

1

2

0

1

0

0

0

1

2

3

0

1

2

3

4

5

0

1

2

3

4

9

12

9

12

14

12

14

15

8

33

46

63

64

49

70

67

120

148

177

79

109

141

175

212

4

4

4

4

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

4

4

5

5

0

0

3

45

4

4

4

4

4

5

5

5

5

5

5

5

5

5

0

1

0

1

0

1

2

3

4

5

0

1

2

3

4

5

0

1

2

3

4

5

34

40

41

48

23

31

43

58

76

253

130

172

221

278

345

246

240

348

542

920

1600

1600
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Mixture design 

.1   interaction 

 S L I F SL SI SF LI LF IF 

1 0.01 0.05 0.1 0.84 0.0005 0.001 0.0084 0.005 0.042 0.084 

2 0.01 0.05 0.2 0.74 0.0005 0.002 0.0074 0.01 0.037 0.148 

3 0.01 0.15 0.1 0.74 0.0015 0.001 0.0074 0.015 0.111 0.074 

4 0.03 0.05 0.1 0.82 0.0015 0.003 0.0246 0.005 0.041 0.082 

5 0.03 0.05 0.2 0.72 0.0015 0.006 0.0216 0.01 0.036 0.144 

6 0.03 0.15 0.1 0.72 0.0045 0.003 0.0216 0.015 0.108 0.072 

7 0.01 0.09 0.2 0.7 0.0009 0.002 0.007 0.018 0.063 0.14 

8 0.01 0.15 0.14 0.7 0.0015 0.0014 0.007 0.021 0.105 0.098 

9 0.03 0.07 0.2 0.7 0.0021 0.006 0.021 0.014 0.049 0.14 

10 0.03 0.15 0.12 0.7 0.0045 0.0036 0.021 0.018 0.105 0.084 

 :   S  

   L  

    I  

    F  

.1   ( :  :  :          

)

  Mean  ideal  ratio  score  

 Linear regression    2 

 polynomial
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 Mean ideal  ratio  score  

 Regression   ( .1)

  6   (  Interaction)

 regression

 =  38.124S + 7.933L – 317.88SL  -------- (1) 

 = 37.674S + 5.871I – 231.77SI  -------- (2) 

 = 35.697S +  1.273F – 47.549SF  -------- (3) 

 = 10.144L + 6.648I – 76.45LI  -------- (4) 

 = 11.823L + 1.305F – 16.408LF  -------- (5) 

 = 6.573I  + 1.28F – 8.906IF   -------- (6) 

 (1)   regression   Mean ideal ratio score  

 S, L  SL .1

 (2)   regression   Mean ideal ratio score  

 S , I  SI .1

 (3)   regression   Mean ideal ratio score  

 S , F  SF .1

 (4)   regression   Mean ideal ratio score  

 L , I  LI .1

 (5)   regression   Mean ideal ratio score  

 L , F  LF .1

 (6)   regression   Mean ideal ratio score  

 I , F  IF .1

 6  Partial derivatives  

 (POM)   Partial derivatives  

  38.124S + 7.933L – 317.88SL    Partial derivatives  
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 S  L   Partial derivatives   Lag range  

 Partial derivatives

 (1)  = 38.124S + 7.933L – 317.88SL  

Partial derivatives 

 = 0 = 38.124 – 317.88 L  -------- (1.1) 

         S 

 = 0 = 7.933 – 317.88 S  -------- (1.2) 

         L 

 (2)  = 37.674S + 5.871I – 231.77SI  

Partial derivatives 

 = 0 = 37.674 – 231.77 I  -------- (2.1) 

         S 

 = 0 = 5.871 – 231.77S  -------- (2.2) 

         I 

 (3)  = 35.697S +  1.273F – 47.549SF

Partial derivatives 

 = 0 = 35.697 – 47.549 F  -------- (3.1) 

         S 

 = 0 = 1.273 – 47.549S  -------- (3.2) 

         F 
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 4  6  Partial derivatives   1 , 2  3  

 Lag range ( )  1.1  3.2

317.88 L -   =  38.124   

317.88 S -   = 7.933 

231.77 I -    =  37.674 

231.77 S -   = 5.871 

47.549 F -   = 35.697 

47.549 S -   = 1.273 

    

 (Constrains)  

 0.70  F  0.90  0.05  L  0.15 

 0.10  I  0.200  0.01  S  0.03 

 F + L + I + S = 1.00 

 (POM)  

 73.83,  9.11,    

 14.44   2.62 
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 (Man  and  Jones, 1994) 

 (Order  and  rate  constant  or  reaction) 

           d CA  =  k. CA
n

         dt 

 CA  =  t 

 t     =  

 k    =  

 n    =  

 (n=0) 

 t

CAt    =    -kt + CA0

 CAt  t  k

 (n=1) 

  Logarithmic  

 t

In (CAt /CA0)   =    -kt

 In (CAt /CA0)  t  k
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 (n=2) 

 t  

Hyperbolic  1/CA

(1/CAt) – (1/CA0)   =    -kt

 1/CAt  t  k

 t  

 (Rate constant ; k values)  

 (slope)   k  

 t

 1  

 Logarithmic   In(CAt/CA0)  t 

 k  (t)

  In (CAt  / CA0)   =    -kt 


