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Abstract

The objective of this research was to develop  apricot jelly and  apricot powder. 

Firstly, apricot jelly was developed using the ideal ratio profile . The important attributes 

were color,  clearness,  flavor  of  apricot,  sweetness,  sourness,  softness  and  

stickiness. Secondly, the apricot jelly composition was also studied. The 4 types of 

gelling agent (flanogen, carageenan, gelatin and arabic gum) were investigated to find 

out the suitable gelling agent. The studied found flanogen and gelatin gave highest 

score mean ideal ratio score in color, clearness, softness, stickiness and overall 

acceptability. Because of the  gelatin can not be set at room temperature, but  it  can  

be set at 4oC. Therefore using flanogen as gelling agent should be advantage. Thirdly, 

the optimum condition of water and apricot juice was carried out. It was found that the 

suitable composition was 70 g of water with 20 g of apricot juice. Additionally, the 

optimum condition of sugar and flanogan was also studied. The results showed that the 

suitable composition was 20 g of sugar with 2 g of flanogen. The shelf life of apricot jelly 

was studied by vary storage temperature (4, 25 and 37oC) and package type was also 

studied(translucent, opaque).Measuring quality attribute at 0, 2, 4, 6 and 8 weeks. It was 

found that suitable storage temperature was 4oC and at the 8 week, the apricot jelly in 

opaque package has TPC, Yeast and Mold more than the standard level. So, the shelf 

life at apricot jelly was about 6 weeks. 

However, apricot powder was also developed using ideal ratio profile technique. 

The importance attributes were brown color, homogenous, apricot flavor, sweetness, 

salty, and solubility. The drying condition and composition of apricot powder were 

investigated. The optimum drying condition of apricot powder processing was carried 

out. It was found that the optimum drying process was 70 oC or 80  oC for 17 hours. 

Moreover, the suitable composition of apricot powder (dried apricot, sugar, saccharin 

and licoric) was also studied. It was found that the suitable composition for apricot 

powder was 0.48% dried apricot, 0.48% sugar, 0.02% saccharin and 0.02% licoric. 
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  (E407)  (Carrageenan)

  (Irish  moss)  

  Carraigin  

  Rhodophyceae 

  (Bretagne)  

  (Blancmange)  

Eucheuma  cottonii,   Eucheuma    spinosum,  Chondrus  crispus,  Gigartina  
acicularis,  Gigartina  stellata,  Gigartina  pistallata,  Gigartina  skottsbertii,  Gigartina  
chamissoi Iradaea

  (   diatomaceous  earth)  

  3  

Eucheuma  cottonii    (Kappa ( ) – carrageenan)  

Eucheuma spinosum
(Lota ( ) – carrageenan)  Gigartina  acicularis  

  (Lambda ( ) carrageenan)  Chondrus  crispus  Gigartina  stellata  
Iradaea   3

  (D – galactose)   – (1 – 3)   – (1 – 4)  

  3

  (   1 )

  60 – 70  
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  (Syneresis)    ( )

  55 

  (Elastic  gel)  
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ingredient)

  (Fibrous  protein  collagen)

  (Connective  tissue)  
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      3.  (Amphoteric) 

 ( )

      4.   Surface  active  agent  

  ( , 2546) 
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Willd.  

  Kordofan  

 1  50 – 100

  2 – 3  

  50  

  (Wax – corn  starch)    (
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  ( , 2543) 
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 – 

 – 

 – 
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5.   175 
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  ( , 2528) 

 ( Saccharin )

 (Antiseptic)  1878

  Rensen  Fahlberg        
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  9. 

 10. 

 11. 
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 13. 

 14. 
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             2.  (Adrenocorticosteroids) -
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             6. 
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             8.  FM100

             9.
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 11. 

  (Thaiall, 2548) 
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-

-

-

-   (Flanogen) 

-

-   (Saccharine) 

-

-  2   (Analytical  balance, Metller : Model BB 120, 

Switzerland.)

-   (Hot  plate,  Ego : Type  14 – 12871 – 30,  Germany.) 

-

-

-

-

-

-

-

-   (Water  bath, Memmert : Model WB 14, Germany.) 
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-   (Automatic food container sealing machine, Kaiwill 

industrial : Model KV – 01, Taiwan.) 

-   (Vacuum  Dryer : Lanna Food & Supply  Co.,Ltd) 

-   (Blender, National : Model MX – T31 GN  NO. 940823) 

1.

  -      (Minolta  camera,  Chroma  CR-300/310,  Japan.) 

-   (Instron  Model  5565,  USA Instron,  1993.) 

2.

-  –   (Microprocessor  pH  meter,  Hanna

Instrument : Model  HI  1131,  USA.) 

-   (Sartorius  MA30,  Germany.) 

3.

-   (Autoclave, Hirayama : Model  HA-300MIV, Japan.) 

-   (Incubator, Heraeus : Model D-6450 Hanau,  Germany.) 

-  (Water bath, Memmert : Model WB14, 

Germany.)

4.

-
-  ( )

-   Statistix  7.0

-   Mathcad  7  professional 

-   Sigma  Plot  2000 

-   Plackette  and  Burman 

-   Design  Expert  DX6   
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  (Ideal  Ratio  Profile)  

  Ideal  Ratio  Profile    Ratio  profile  

  (Ratio)  

(Fixed  ideal)

  (Ideal)    (Ratio)  

  (Ratio mean score) 
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  Numeric  product  profile

  (Cyclic  profile) 
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  3

  1

  Least  Significant  Difference :  

LSD  ( , 2547)

 -    L  a*  b*  (Minolta  camera,  Chroma  CR-300/310,  Japan.) 

 -    (Instron  Model  5565,  USA Instron,  1993.) 

-  –   (Microprocessor pH meter,  Hanna    Instrument : Model

HI  1131,  USA.) 

-   Hedonic  scale  scoring  test  ( , 2545)
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  2

 Factorial experimental  

design ( , 2547)

 2.1  

  22 Factorial  experimental  design  with  2  center  points  

( , 2547)   6
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 2.2  

  22 Factorial  experimental  design  with  2  center  points 

( , 2547)   6
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-  –  (Microprocessor pH meter,  Hanna    Instrument : Model  

HI  1131,  USA.) 

-   Ideal  Ratio  Profile  ( , 2545) 
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  3

  Random  Complete  Block  Design  ( , 2547) 

  4  25  37

  0  2  4  6  8

 -    L  a*  b* ( Minolta  camera,  Chroma  CR-300/310,  Japan.) 

 -   (Instron  Model  5565,  USA Instron,  1993.) 

-  –  (Microprocessor pH meter,  Hanna    Instrument : Model  

HI  1131,  USA.) 

-   Ideal  Ratio  Profile  ( , 2545) 

-   (AOAC, 2000) 

 -    (AOAC, 2000) 

 -  E.Coli   Coliform  (AOAC, 2000) 
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  2

  1

  22 Factorial  experimental  

design  with  2  center  points ( , 2547)   6
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 0 
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  B   ( )
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 0 

              +1 
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  5  22 Factorial  experimental design  with  2 center  
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  A   ( )   

    60 

 70 

                80 

  B   ( )

 17    

 20    

  23    

 -    L  a*  b* ( Minolta  camera,  Chroma  CR-300/310,  Japan.) 

-   (Sartoriius  MA30,  Germany.) 

-   Ideal  Ratio  Profile  ( , 2545) 



44

  2

  Mixture  design  

 1.0  100 ( , 2547)   XVERT 

  6   Mixture  design  

 ( )

 ( )

0.30

0.50

0.30

0.50

0.01

0.03

0.01

0.03

     

1 0.50 0.48 0.01 0.01 

2 0.50 0.46 0.01 0.03 

3 0.50 0.46 0.03 0.01 

4 0.50 0.44 0.03 0.03 

5 0.46 0.50 0.01 0.03 

6 0.46 0.50 0.03 0.01 

7 0.44 0.50 0.03 0.03 
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 -    L  a*  b* (Minolta  camera,  Chroma  CR-300/310,  Japan.) 

-   (Sartoriius  MA30,  Germany.) 

-   Ideal  Ratio  Profile  ( , 2545) 
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  Ideal  ratio  profile  test

1.   15  

      14  

2.   15  

      15  

      13  

3.   14  

  13  

( )

1.

2.

3.

4.

5.

6.

7.   ( )
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   (Ratio  profile  test)   

 (Sample)  

 ( Ideal)

  (Mean ideal ratio score)  

(Standard  deviation) 

  1.00  

  1.00

  1.00

  0 

  0.5  

  0.5  
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 Ideal  ratio profile  15  7 

 7   (Mean  ideal  ratio  score)    (Standard  

deviation)

Ideal (I) Sample (S) Ratio (S / I) 

X SD X SD X SD 

(cm) (cm) (cm) 

1.

-
-

2.

-
-
-

3.

-
-   ( )

4.

5.64

5.91

6.04

5.36

3.88

5.49

4.60

10.0

1.27

2.69

1.80

1.29

2.38

2.66

2.83

0.00

5.92

5.83

5.74

4.84

3.37

4.97

4.26

7.31

2.00

2.70

1.43

1.06

2.28

2.52

2.58

2.45

1.16

0.89

0.99

0.92

0.71

0.83

0.76

0.73

0.75

0.33

0.18

0.18

0.42

0.33

0.43

0.24

 7 

 ( )   (Mean  

ideal  ratio  score)   (Standard  deviation)    0.89 + 0.33,

0.99 + 0.18,  0.92 + 0.18,  0.71 + 0.42,  0.83 + 0.33,  0.76 + 0.43    0.73 + 0.24

  7

  1.16 + 0.75 
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  1.00  

  (Profile)  7 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 7

(Fixed  ideal)  
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1.

Least  Significant  Difference :  LSD  ( , 2547)

 8  9 

 8 

  L 

  a* 

  b* 

  ( )

90.50  0.03 a

-2.14  0.03 c

6.52  0.23 c

0.47  0.03 b 

89.85  0.74 a

-1.74  0.05 b

6.11  0.20 d

6.46  0.38 a

89.77  0.25 a

-2.25  0.07 d

8.50  0.16 b

NA

87.75  0.95 b

-1.62  0.03 a

11.28  0.19a

NA

 - 2.98  0.01 b 2.78  0.00 c 3.23  0.01a 2.98  0.01 b

 :

  P < 0.05 

                  NA  

 8 

 L 

 a*  b*

 (p < 0.05) 

 (p < 0.05) 

 – 

 (p < 0.05)
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 9   Ideal  ratio  profile

 (p > 0.05) 

 ( )

 (p<0.05)

 (p<0.05)

4
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2.

  Factorial  experimental  design  ( , 2547) 

 2.1 

  22 Factorial  experimental  design  with  2  center  points 

( , 2547) 

   

  A   ( )     

   -1       

 0 

              +1    

  B   ( )

   -1       

 0 

              +1 

  10 

 10  22 Factorial  experimental design with  2  center  

points

  A   B

1  (1) 

2  (a) 

3  (b) 

 4  (ab) 

  5  (Cp 1)

  6  (Cp 2)

-1
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-1
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0

0
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0

0
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  A   ( )     

    50 

 70 

                90 

  B   ( )

 20    

 35    

  50    

 11 

  L   a*   b* 

( )  - 

1  (1) 

2  (a) 

3  (b) 

 4  (ab) 

  5  (Cp 1)

  6  (Cp 2)

84.51  0.78 

86.41  0.26 

87.82  0.66 

86.11  0.59 

88.08  0.44 

88.36  0.90 

-1.59  0.09 

-1.63  0.02 

-1.71 0.06

-1.83  0.02 

-2.00  0.04 

-1.98  0.03 

10.82  0.69 

7.43  0.12 

10.57  0.35 

9.99  0.53 

8.38  0.22 

8.64  0.32 

0.74  0.04 

0.97  0.10 

0.16  0.01 

0.07  0.02 

0.39  0.02 

0.38  0.02 

2.56  0.01 

2.69  0.05 

2.35  0.01 

2.46  0.05 

2.51 0.05

2.49  0.01 

 :
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 11 

 L ( )

 84.51 – 88.36 

 a* (  – )

(-1.59) – (-2.00)    a*  

  b* (  - )  7.43 - 10.82

  b*  

  0.07 - 0.97  

 - 

2.35 – 2.69

  (Multiple  regression)  

  (Y)  

  (Coded  equation)  13 
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 13 

 (Coded  equation)  R2

 L 

 a* 

88.22 + 0.753 ( ) – 0.903( )( )   

– 2.008( ) 2

-1.99 – 0.08( ) + 0.3( ) 2

0.99

0.95

 - 2.51 + 0.06( ) – 0.11( ) 0.99

 ( )

0.93 – 0.16( ) + 0.168( )

+ 0.0888( )( )

0.77 – 0.048 ( ) + 0.148( )

+ 0.775( )( )

0.796 + 0.197( )

0.975 + 0.028 ( ) – 0.048( ) 2

0.865 – 0.208( )

0.605 – 0.085( ) – 0.095( ) 2

0.97

0.97

0.90

0.82

0.91

0.98

 R2

 (Decoding) 

 14 
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 14 

 (Decoded  equation) R2

 L 

 a* 

54.49 + 0.808( ) + 0.26( )

– 0.003( )( ) – 0.005( ) 2

1.87 – 0.105( ) – 0.0053( )

+ 0.00075( ) 2

0.99

0.95

 - 2.56 + 0.003( ) – 0.0073( ) 0.99

 ( )

1.817 – 0.0183( ) - 0.0093( )              

+ 0.00029( )( )

6.92 – 0.0928 ( ) + 0.171( )

+ 0.0025( )( )

0.335 + 0.0132( )

0.322 – 0.0168( ) + 0.0018 ( )

– 0.00012( ) 2

1.35 – 0.0139( )

-0.36 – 0.033( ) – 0.0056( )

– 0.00023( ) 2

0.97

0.97

0.90

0.82

0.91

0.98

 14   L 

 a* 

  L  a* 
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          - 0.003( )( )- 0.005 ( )2 R2=0.99

a*= 1.87 – 0.105 ( )- 0.0053 ( )

            + 0.00075 ( )2   R2=0.95

pH= 2.56+0.003( ) - 0.0073( ) R2=0.99 = 1.817-0.0183( )-0.0093( )+0.00029( )( )R2=0.97
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 = 0.335+0.0132( ) R2=0.90

=1.35-0.0139( ) R2=0.91

 = 6.92-0.0928( )-0.171( )+0.0025( )( ) R2=0.97

= 0.322-0.0168( )+0.0018( )

                - 0.00012( )2   R2=0.82

= -0.36-0.033( )-0.0056( )

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

  Mean  ideal  ratio  profile      1.00

  = 1.817 – 0.0183( ) - 0.0093( )+0.00029( )( )    R2 = 0.97 

  f  (  , )

  f  (50,20) =  1.01 

  f  (50,35) =  1.09 

  f  (50,50) =  1.17 

  f  (70,20) =  0.76 

  f  (70,35) =  0.93 

  f  (70,50) =  1.09 

  f  (90,20) =  0.51 

  f  (90,35) =  0.77 

  f  (90,50) =  1.02 

  50    20

  1.01 
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  = 6.92 – 0.0928 ( ) + 0.171( ) + 0.0025( )( )     R2 = 0.97 

  f  (  , )

  f  (50,20) =  1.44 

  f  (50,35) =  0.81 

  f  (50,50) =  0.19 

  f  (70,20) =  0.62 

  f  (70,35) =  0.76 

  f  (70,50) =  0.91 

  f  (90,20) =  0.20 

  f  (90,35) =  0.72 

  f  (90,50) =  1.64 

  70   50

  0.91 

  = 0.335 + 0.0132( )     R2 = 0.90 

  f  (  )

  f  (20)  =  0.59 

  f  (35)  =  0.79 

  f  (50)  =  0.99 

  50 

  0.99 
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  = 0.322 – 0.0168( ) + 0.0018 ( ) – 0.00012( ) 2     R2 = 0.82 

  f  (  , )

  f  (50,20) =  0.89 

  f  (50,35) =  0.92 

  f  (50,50) =  0.95 

  f  (70,20) =  0.94 

  f  (70,35) =  0.97 

  f  (70,50) =  1.03 

  f  (90,20) =  0.89 

  f  (90,35) =  0.92 

  f  (90,50) =  0.95 

  70   35

  0.97 

 ( )  = 1.35 – 0.0139( )    R2 = 0.91 

  f  (  )

  f  (20)  =  1.07 

  f  (35)  =  0.86 

  f  (50)  =  0.65 

 ( )   20 

( )   1.07 
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  = -0.36 – 0.033( ) – 0.0056( )                R2 = 0.98 

             – 0.00023( ) 2      

  f  (  , )

  f  (50,20) =  0.59 

  f  (50,35) =  0.51 

  f  (50,50) =  0.42 

  f  (70,20) =  0.69 

  f  (70,35) =  0.60 

  f  (70,50) =  0.52 

  f  (90,20) =  0.59 

  f  (90,35) =  0.51 

  f  (90,50) =  0.42 

  70  

20

  0.69 
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 2.2  

 22 Factorial experimental design with 2 center points 

( , 2547) 

   

  A   ( )     

   -1       

 0 

              +1    

  B   ( )

   -1       

 0 

              +1 

 16 

 16  22 Factorial  experimental design  with  2  center  

points

  A   B

1  (1) 

2  (a) 

3  (b) 

 4  (ab) 

  5  (Cp 1)

  6  (Cp 2)

-1

+1

-1

+1

0

0

-1

-1

+1

+1

0

0
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  A   ( )     

    20 

 30 

                40 

  B   ( )

 1.0    

 1.5    

  2.0    

 17 

  L   a*   b* 

( )  - 

1  (1) 

2  (a) 

3  (b) 

 4  (ab) 

  5  (Cp 1)

  6  (Cp 2)

78.16  0.62 

78.86  0.41 

75.66  0.08 

73.35  1.85 

73.05  0.86 

72.63  0.36 

-0.31  0.04 

-0.47  0.09 

-0.27  0.03 

-0.55  0.04 

-0.43  0.07 

-0.43  0.10 

2.63  0.33 

1.82  0.12 

4.42  0.10 

3.52  0.42 

4.31  0.45 

4.16  0.22 

0.17  0.01 

0.04  0.02 

1.71  0.06 

0.84  0.04 

0.29  0.04 

0.29  0.03 

2.25  0.01 

2.24  0.01 

2.30  0.01 

2.28  0.01 

2.31  0.01 

2.32  0.00 

 :
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 17 

  L ( )

  72.63 – 78.86    a* (  – )  (-0.27) – (-0.55)                   

 a* 

  b* (  - )  1.82 – 4.42

  0.04 – 1.71  -  2.24 – 2.32 

  (Multiple  regression)  

 (Y) 

  (Coded  equation)  19 
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 19 

 (Coded  equation)  R2

 L 

 a* 

  b* 

72.84 – 2.003( )                     

– 0.753( )( ) + 3.668( ) 2

-0.41 – 0.11( )

4.235 – 0.428( ) + 0.873( )

– 1.138( ) 2

0.98

0.90

0.99

 - 2.315 + 0.0225( ) – 0.0475( ) 2 0.94

 ( )

1.03 + 0.098( ) – 0.053( )( )

0.9 – 0.058( ) – 0.093( )

-0.063( ) 2

1.0583 – 0.09( )

0.8167 + 0.243( )

0.53 – 0.047( ) + 0.067( )

0.91

0.99

0.84

0.92

0.94

 R2

 (Decoding) 

 20
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 20 

 (Decoded  equation) R2

 L 

 a* 

  b* 

105.08 – 0.225( ) – 43.504( )

– 0.15 ( )( ) + 14.67( ) 2

-0.08 – 0.011( )

-7.342 – 0.0428( ) + 15.402( )

– 4.552( ) 2

0.98

0.90

0.99

 - 1.82 + 0.615( ) – 0.19( ) 2 0.94

 ( )

0.259 + 0.025( ) + 0.318( )

– 0.00106( )( )

0.786 – 0.0058( ) – 0.57( )

-0.252( ) 2

1.328 – 0.18( )

0.087 + 0.486( )

0.476 – 0.0047( ) + 0.135( )

0.91

0.99

0.84

0.92

0.94

 20   L 

  a*

 b*

 L,  a*  b* 
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5.0 

 19  20  b* 

 – 

 a* = -0.08 - 0.011( ) R2=0.90

pH =1.82 + 0.615( )  - 0.19( )2  R2=0.99 b* = -7.342 - 0.0428( ) + 15.402( )

     -  4.552( )2 R2=0.99

L= 105.08( )- 43.504( )

           - 0.15( )( )+14.67( )2 R2=0.98
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                    - 0.00106 ( )( ) R2=0.91

= 0.786 - 0.0058( )- 0.57( )

                      - 0.252 ( )2 R2=0.99

= 0.476 – 0.0047( )+0.135 ( )  R2=0.94
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  Mean  ideal  ratio  profile  

1.00

  Mean  ideal  ratio  profile      1.00

  = 0.259 + 0.025( ) + 0.318( )  R2 = 0.91 

                – 0.00106( )( )

  f  (  , )

  f  (20,1) =  0.87 

  f  (20,1.5) =  0.93 

  f  (20,2) =  0.98 

  f  (30,1) =  1.03 

  f  (30,1.5) =  1.03 

  f  (30,2) =  1.03 

  f  (40,1) =  1.18 

  f  (40,1.5) =  1.12 

  f  (40,2) =  1.07 
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2

  0.98 
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  = 0.786 – 0.0058( ) – 0.57( )  R2 = 0.99 

                - 0.252( ) 2

  f  (  , )

  f  (20,1) =  0.98 

  f  (20,1.5) =  0.95 

  f  (20,2) =  0.80 

  f  (30,1) =  0.93 

  f  (30,1.5) =  0.90 

  f  (30,2) =  0.74 

  f  (40,1) =  0.87 

  f  (40,1.5) =  0.84 
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  = 1.328 – 0.18( )     R2 = 0.84 

  f  (  )

  f  (1)  =  1.14 

  f  (1.5)  =  1.05 

  f  (2)  =  0.96 

  2

  0.96 

 ( )   = 0.087 + 0.486( )   R2 = 0.92 

  f  (  )

  f  (1)  =  0.57 

  f  (1.5)  =  0.81 

  f  (2)  =  1.06 

 ( )   2

( )   1.06 



79

  = 0.476 – 0.0047( ) + 0.135( ) R2 = 0.94 

  f  (  , )

  f  (20,1) =  0.51 

  f  (20,1.5) =  0.58 

  f  (20,2) =  0.65 

  f  (30,1) =  0.46 

  f  (30,1.5) =  0.53 

  f  (30,2) =  0.60 

  f  (40,1) =  0.42 

  f  (40,1.5) =  0.48 

  f  (40,2) =  0.55 

  20  

  2  

  0.65 



80

 21 

21

  ( )  ( )

 20 2 

 20 1 

 - 2 

 ( ) - 2 

 20 2 

 20 2 

 20  

 2  



81

  3

 2.1 

2.2 

 22 

 22 

 ( )

1

2

3

4

5

6

4

4

25

25

37

37

 80 

22  2 

 2, 4, 6  8  2 

 23  24 



82

 23

 L ( )

 a* (  - )

 b* (  – )

 ( )

 – 

 (cfu / g) 

 (cfu / g) 

 (MPN / g) 

48.37 + 0.13 

  7.62 + 0.36 

19.34 + 0.61 

   5.01 + 0.05 

   2.73 + 0.12 

 :



83

 24

(Mean Ideal Ratio Scores) 

 ( )

0.97 + 0.10 

0.98 + 0.06 

0.94 + 0.20 

1.03 + 0.05 

0.96 + 0.07 

1.00 + 0.06 

1.02 + 0.04 

0.76 + 0.13 

 :

                   (Mean  ideal  ratio  scores   Standard  deviation ) 

 26 



84

 26

 – 

 37 

 5 

 37 

 4  25 

0

1

( )



85

 L ( )

 L ( )  25 

 27 

 L ( )  (p > 0.05) 

 L ( )

 25  28 

 L ( )  (p > 0.05) 

 L ( )

 29 

 L ( )  (p > 0.05) 



86

 2
5

 L
 (

)
 2

 

 L
 (

)

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

48
.3

7 
+ 

0.
13

 

48
.3

7 
+  

0.
13

 

46
.7

4 
+ 

0.
08

 

48
.5

0 
+  

0.
20

 

49
.5

6 
+ 

0.
52

 

47
.7

1 
+ 0

.0
5

48
.2

8 
+ 

0.
41

 

47
.1

6 
+  

0.
09

 

49
.8

5 
+ 

0.
20

 

47
.2

5 
+  

0.
19

 

 
 

 48
.3

7 
+ 

0.
13

 
47

.6
2 

+ 
1.

24
 

48
.6

4 
+ 

1.
31

 
47

.7
2 

+ 
0.

79
 

48
.5

5 
+ 

1.
84

 

48
.5

9 
+ 

1.
23

 

47
.8

0 
+ 

0.
62

 

  4
 0 C

25
0 C

48
.3

7 
+ 

0.
13

 

48
.3

7 
+  

0.
13

 

49
.4

0 
+ 

0.
10

 

49
.5

8 
+  

0.
42

 

51
.8

6 
+ 

0.
83

 

46
.7

8 
+  

0.
00

 

48
.7

9 
+ 

0.
07

 

47
.2

2 
+  

0.
07

 

48
.8

6 
+ 

0.
22

 

47
.5

3 
+  

0.
05

 

 
48

.3
7 

+ 
0.

13
 

49
.4

9 
+ 

0.
13

 
19

.3
2 

+ 
3.

59
 

48
.0

1 
+ 

1.
11

 
48

.2
0 

+ 
0.

94
 

49
.4

6 
+ 

1.
39

 

47
.9

0 
+ 

1.
11

 

 :



87

45

46

47

48

49

50

51

0 2 4 6 8
 ( )

L

 27  L  2 

44

45

46

47

48

49

50

51

52

53

0 2 4 6 8

 ( )

L

 28  L  2 

47

47

48

48

49

49

50

50

0 2 4 6 8

 ( )

L

 29  L  2 

 27  28  4 OC  25 OC

29



88

 a* (  – )

 a* (  - )  26 

 30 

 a* (  - )  (p > 0.05) 

 a* (  - )

 26  31 

 a* (  - )  (p > 0.05) 

 a* (  - )

 32 

 a* (  - )  (p > 0.05) 



89

 2
6

 a
* (

 - 
)

 2
 

 a
* (

 - 
)

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

7.
62

 +
 0

.3
6 

7.
62

 +
 0

.3
6 

7.
80

 +
 0

.0
7 

8.
28

 +
 0

.1
5 

6.
67

 +
 0

.1
7 

8.
47

 +
 0

.0
5 

6.
26

 +
 0

.1
3 

8.
72

 +
 0

.1
7 

6.
01

 +
 0

.1
5 

10
.2

0 
+  

0.
03

 

 
7.

62
 +

 0
.3

6 
8.

04
 +

 0
.3

4 
7.

57
 +

 1
.2

7 
7.

47
 +

 1
.7

4 
8.

11
 +

 2
.9

6 

6.
87

 +
 0

.8
0 

8.
66

 +
 0

.9
5 

  4
 0 C

25
0 C

7.
62

 +
 0

.3
6 

7.
62

 +
 0

.3
6 

7.
15

 +
 0

.2
2 

7.
42

 +
 0

.1
8 

6.
20

 +
 0

.2
6 

8.
94

 +
 0

.0
4 

6.
23

 +
 0

.0
7 

8.
92

 +
 0

.1
4 

6.
64

 +
 0

.2
0 

9.
84

 +
 0

.0
4 

 
7.

62
 +

 0
.3

6 
7.

29
 +

 0
.1

9 
7.

57
 +

 1
.9

4 
 

7.
58

 +
 1

.9
0 

8.
24

 +
 2

.2
6 

6.
77

 +
 0

.6
1 

8.
55

 +
 1

.0
1 

 :



90

0

2

4

6

8

10

12

0 2 4 6 8

 ( )

a*

 30  a*  2 

0

2

4

6

8

10

12

0 2 4 6 8
 ( )

a *

 31  a*  2 

5

6

7

8

9

0 2 4 6 8

 ( )

a*

 32  a*  2 

 30  31  4 OC  25 OC

32



91

 b* (  – )

 b* (  - )  27 

 33 

 b* (  - )  (p > 0.05) 

 b* (  - )

 (p < 0.05)  b* (  - )  4 

 b* (  - )  25 

 b* (  - )

 27  34 

 b* (  - )

(p > 0.05)

 b* (  - )

 35 

 b* (  - )  (p > 0.05) 



92

 2
7

 b
* (

 - 
)

 2
 

 b
* (

 - 
)

 2
 

 4
 

 6
 

 8
 

**

  4
 0 C

25
0 C

19
.3

4 
+ 

0.
61

 

19
.3

4 
+  

0.
61

 

18
.4

2 
+ 

0.
23

 

23
.9

3 
+  

0.
51

 

20
.0

7 
+ 

0.
75

 

23
.0

9 
+  

0.
05

 

19
.5

6 
+ 

0.
35

 

21
.5

9 
+  

0.
15

 

19
.8

8 
+ 

0.
75

 

24
.2

4 
+  

0.
42

 

 
19

.3
4 

+ 
0.

61
 

21
.1

8 
+ 

3.
90

 
21

.5
8 

+ 
2.

14
 

20
.5

8 
+ 

1.
44

 
22

.0
6 

+ 
3.

08
 

19
.4

5b  +
 0

.6
4 

22
.4

4 a
 +

 2
.0

1 

  4
 0 C

25
0 C

19
.3

4 
+ 

0.
61

 

19
.3

4 
+  

0.
61

 

21
.7

6 
+ 

0.
68

 

22
.1

0 
+  

0.
57

 

20
.0

1 
+ 

0.
81

 

22
.6

3 
+  

0.
05

 

18
.2

5 
+ 

0.
51

 

23
.6

9 
+  

0.
31

 

20
.3

7 
+ 

0.
25

 

24
.2

7 
+  

0.
09

 

 
19

.3
4 

+ 
0.

61
 

21
.9

3 
+ 

0.
24

 
21

.3
2 

+ 
1.

85
 

20
.9

7 
+ 

3.
85

 
22

.3
2 

+ 
2.

76
 

19
.9

5 
+ 

1.
30

 

22
.4

1 
+ 

1.
91

 

**
 +

 p
 <

 0
.0

5 



93

0

5

10

15

20

25

30

0 2 4 6 8

 ( )

b
*

 33  b*  2 

0

5

10

15

20

25

30

0 2 4 6 8

 ( )

b
*

 34  b*  2 

17

18

19

20

21

22

23

0 2 4 6 8

 ( )

b
*

 35  b*  2 

 33  34  4 OC  25 OC

35



94

 ( )

 28 

 (p > 0.05) 

 (p < 0.05) 

 5.01 

 6  2.57  (p>0.05) 

 8  36 

 28

 (p > 0.05) 

 (p < 0.05) 

 5.01 

 8  2.52  37 

 38 

 (p > 0.05) 



95

 2
8

 (
)

 2
 

 (
)

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

5.
01

 +
 0

.0
5 

5.
01

 +
 0

.0
5 

2.
52

 +
 0

.0
3 

3.
51

 +
 0

.0
7 

2.
73

 +
 0

.0
8 

2.
52

 +
 0

.0
0 

2.
72

 +
 0

.0
1 

2.
42

 +
 0

.0
0 

2.
79

 +
 0

.0
2 

2.
65

 +
 0

.0
2 

* 
5.

01
a  +

 0
.0

5 
3.

02
 b
 +

 0
.7

0 
2.

63
 b
 +

 0
.1

5 
2.

57
 b
 +

 0
.2

1 
2.

72
 b
 +

 0
.1

0 

3.
15

 +
 1

.0
4 

3.
22

 +
 1

.0
9 

  4
 0 C

25
0 C

5.
01

 +
 0

.0
5 

5.
01

 +
 0

.0
5 

3.
07

 +
 0

.0
9 

2.
70

 +
 0

.1
0 

3.
01

 +
 0

.0
5 

2.
51

 +
 0

.0
0 

2.
92

 +
 0

.0
4 

2.
44

 +
 0

.0
4 

2.
51

 +
 0

.0
0 

2.
53

 +
 0

.0
3 

* 
5.

01
 a
 +

 0
.0

5 
2.

89
 b
 +

 0
.2

6 
2.

76
 b  +

 0
.3

5 
2.

68
 b
 +

 0
.3

4 
2.

52
 b
 +

 0
.0

1 

3.
30

 +
 0

.9
8 

3.
04

 +
 1

.1
1 

*
 +

 p
 <

 0
.0

5 



96

0

1

2

3

4

5

6

0 2 4 6 8

 ( )

 (
)

 36  ( )  2 

0

1

2

3

4

5

6

0 2 4 6 8

 ( )

 (
)

 37  ( )  2 

0

1

2

3

4

5

6

0 2 4 6 8
 ( )

 (
)

 38  ( )  2 

 36  37  4 OC  25 OC

38



97

 – 

 – 

 29  – 

 (p > 0.05) 

 –  (p < 0.05) 

 – 

 –  2.73  6 

 2.37  8 

 39 

 – 

 29

 –  (p > 0.05) 

 –  (p < 0.05) 

 – 

 –  2.73  6 

 2.36  8 

 40 

 – 

 41 

 –  (p > 0.05) 



98

 2
9

 - 
 2

 

 –
 

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

2.
73

 +
 0

.1
2 

2.
73

 +
 0

.1
2 

2.
63

 +
 0

.0
2 

2.
51

 +
 0

.0
1 

2.
57

 +
 0

.0
1 

2.
51

 +
 0

.0
1 

2.
34

 +
0.

01

2.
40

 +
 0

.0
2 

2.
58

 +
 0

.0
1 

2.
48

 +
 0

.0
1 

* 
2.

73
 a
 +

 0
.1

2
 

2.
57

 b
 +

 0
.0

8 
2.

54
 b
 +

 0
.0

4 
2.

37
 c
 +

 0
.0

4 
2.

53
 b
 +

 0
.0

7 

2.
57

 +
 0

.1
4 

2.
53

 +
 0

.1
2 

  4
 0 C

25
0 C

2.
73

 +
 0

.1
2 

2.
73

 +
 0

.1
2 

2.
66

 +
 0

.0
1 

2.
55

 +
 0

.0
5 

2.
55

 +
 0

.0
5 

2.
47

 +
 0

.0
1 

2.
34

 +
 0

.0
1 

2.
37

 +
 0

.0
2 

2.
52

 +
 0

.0
3 

2.
47

 +
 0

.0
1 

* 
2.

73
 a
 +

 0
.1

2 
2.

61
 b
 +

 0
.0

8 
2.

51
 b
 +

 0
.0

6 
2.

36
 c
 +

 0
.0

2 
2.

50
 b
 +

 0
.0

4 

2.
56

 +
 0

.1
5 

2.
52

 +
 0

.1
3 

*
 +

 p
 <

 0
.0

5 



99

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

0 2 4 6 8

( )

 -
 

 39  -  2 

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

0 2 4 6 8

 ( )

 -
 

 40  -  2 

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

0 2 4 6 8

 ( )

 -
 

 41  -  2 

 39  40  4 OC  25 OC

41



100

 30 

 42 

 (p > 0.05) 

(p < 0.05)  25 

 0.95 + 0.13 

30  43 

 (p > 0.05) 

(p < 0.05)  25 

 0.97 + 0.13 

 44 

 (p > 0.05) 



10
1

 3
0

 2
 

 2
 

 4
 

 6
 

 8
 

**

  4
 0 C

25
0 C

0.
97

 +
 0

.1
0 

0.
97

 +
 0

.1
0 

0.
78

 +
 0

.2
1 

0.
95

 +
 0

.2
5 

0.
69

 +
 0

.2
8 

1.
11

 +
 0

.2
1 

0.
64

 +
 0

.2
2 

1.
00

 +
 0

.1
9 

0.
53

 +
 0

.1
2 

0.
74

 +
 0

.1
1 

 
0.

97
 +

 0
.1

0 
0.

87
 +

 0
.1

2 
0.

90
 +

 0
.3

0 
0.

82
 +

 0
.2

5 
0.

64
 +

 0
.1

5 

0.
72

 b
 +

 0
.1

7 

0.
95

 a
 +

 0
.1

3 

  4
 0 C

25
0 C

0.
97

 +
 0

.1
0 

0.
97

 +
 0

.1
0 

0.
79

 +
0.

24

1.
02

 +
 0

.2
8 

0.
71

 +
 0

.3
0 

1.
11

 +
 0

.1
9 

0.
64

 +
 0

.2
7 

1.
04

 +
 0

.1
8 

0.
50

 +
 0

.1
7 

0.
75

 +
 0

.1
8 

 
0.

97
 +

 0
.1

0 
0.

91
 +

 0
.1

6 
0.

91
 +

 0
.2

8 
0.

82
 +

 0
.2

5 
0.

63
 +

 0
.1

8 

0.
72

 b
 +

 0
.1

7 

0.
97

 a
 +

 0
.1

3 

**
 +

 p
 <

 0
.0

5 



102

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 42  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 43  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 44  2 

 42  43  4 OC  25 OC

44



103

 31 

 45 

 (p < 0.05)  4  25 

 4 

 0.83 + 0.12 

 31 

 46 

 (p < 0.05)  4  25 

 4 

 0.87 + 0.10 

 25 

 4  25 

 4 



10
4

 3
1

 2
 

 2
 

 4
 

 6
 

 8
 

**

  4
 0 C

25
0 C

0.
98

 +
 0

.0
6 

0.
98

 +
 0

.0
6 

0.
82

 +
 0

.2
0 

0.
78

 +
 0

.2
7 

0.
87

 +
 0

.2
8 

0.
77

 +
 0

.2
3 

0.
82

 +
 0

.2
6 

0.
72

 +
 0

.2
4 

0.
64

 +
 0

.1
5 

0.
58

 +
 0

.2
6 

* 
0.

98
 a
 +

 0
.0

6 
0.

80
 b
 +

 0
.0

3 
0.

82
 b
 +

 0
.0

7 
0.

77
 b
 +

 0
.0

7 
0.

61
 c
 +

 0
.0

4 

0.
83

 a
 +

 0
.1

2 

0.
77

 b
 +

 0
.1

4 

  4
 0 C

25
0 C

0.
98

 +
 0

.0
6 

0.
98

 +
 0

.0
6 

0.
86

 +
 0

.1
5 

0.
81

 +
 0

.3
1 

0.
94

 +
 0

.2
7 

0.
76

 +
 0

.2
4 

0.
87

 +
 0

.2
6 

0.
72

 +
 0

.2
4 

0.
71

 +
 0

.1
6 

0.
62

 +
 0

.1
3 

* 
0.

98
 a
 +

 0
.0

6 
0.

84
 b
 +

 0
.0

4 
0.

85
 a

b  +
 0

.1
3 

0.
80

 b
c  +

 0
.1

1 
0.

67
 c
 +

 0
.0

6 

0.
87

 a
 +

 0
.1

0

0.
78

b
+ 

0.
13

 

*
 +

 p
 <

 0
.0

5 

**
 +

 p
 <

 0
.0

5 



105

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 45  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 46  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 47  2 

 45  46  4 OC  25 OC

47



106

 32 

 48 

 (p < 0.05) 

 0.59 + 0.04 

32  49 

(p < 0.05)  0.61 + 0.04 

 50 

 (p > 0.05) 



10
7

 3
2

 2
 

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

0.
94

 +
 0

.2
0 

0.
94

 +
 0

.2
0 

0.
71

 +
 0

.2
2 

0.
84

 +
 0

.1
8 

0.
89

 +
 0

.1
4 

0.
94

 +
 0

.2
4 

0.
82

 +
 0

.1
3 

0.
85

 +
 0

.2
5 

0.
61

 +
 0

.2
3 

0.
56

 +
 0

.2
8 

* 
0.

94
 a
 +

 0
.2

0 
0.

78
 b
 +

 0
.0

9 
0.

92
 a
 +

 0
.0

4 
0.

84
 a

b  +
 0

.0
2 

0.
59

 c
 +

 0
.0

4 

0.
79

 +
 0

.1
3 

0.
83

 +
 0

.1
6 

  4
 0 C

25
0 C

0.
94

 +
 0

.2
0 

0.
94

 +
 0

.2
0 

0.
81

 +
 0

.1
8 

0.
84

 +
 0

.1
8 

0.
89

 +
 0

.2
1 

0.
89

 +
 0

.2
9 

0.
81

 +
 0

.2
0 

0.
85

 +
 0

.2
8 

0.
64

 +
 0

.2
4 

0.
58

 +
 0

.2
1 

* 
0.

94
 a
 +

 0
.2

0 
0.

83
 b
 +

 0
.0

2 
0.

89
 a

b  +
 0

.0
0 

0.
83

 b
 +

 0
.0

3 
0.

61
 c
 +

 0
.0

4 

0.
82

 +
 0

.1
1 

0.
82

 +
 0

.1
4 

*
 +

 p
 <

 0
.0

5 



108

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 4 6 8

 ( )

 48  2 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 4 6 8

 ( )

 49  2 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2 4 6 8

 ( )

 50  2 

 48  49  4 OC  25 OC

50



109

 33 

 51 

 (p < 0.05) 

 0.79 + 0.04 

 33 

 52 

 (p < 0.05) 

 0.79 + 0.11 

 53 

 (p > 0.05) 



11
0

 3
3

 2
 

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

1.
03

 +
 0

.0
5 

1.
03

 +
 0

.0
5 

0.
99

 +
 0

.1
4 

0.
94

 +
 0

.3
3 

0.
92

 +
 0

.2
4 

0.
96

 +
 0

.1
5 

0.
85

 +
 0

.2
1 

0.
89

 +
 0

.1
4 

0.
82

 +
 0

.2
5 

0.
76

 +
 0

.1
3 

* 
1.

03
 a
 +

 0
.0

5 
0.

97
 b
 +

 0
.0

4 
0.

94
 a

b  +
 0

.0
3 

0.
87

 b
c  +

 0
.0

3 
0.

79
 d
 +

 0
.0

4 

0.
92

 +
 0

.0
9 

0.
92

 +
 0

.1
0 

  4
 0 C

25
0 C

1.
03

 +
 0

.0
5 

1.
03

 +
 0

.0
5 

0.
99

 +
 0

.1
8 

1.
03

 +
 0

.2
8 

0.
99

 +
 0

.3
1 

0.
99

 +
 0

.1
1 

0.
93

 +
 0

.2
9 

0.
85

 +
 0

.1
3 

0.
87

 +
 0

.1
5 

0.
71

 +
 0

.2
1 

* 
1.

03
 a
 +

 0
.0

5 
1.

01
 a
 +

 0
.0

3 
0.

99
 a
 +

 0
.0

0 
0.

89
 a
 +

 0
.0

6 
0.

79
 b
 +

 0
.1

1 

0.
96

 +
 0

.0
6 

0.
92

 +
 0

.1
4 

*
 +

 p
 <

 0
.0

5



111

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 51  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 52  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 53  2 

 51  52  4 OC  25 OC

53



112

 34 

 54 

(p > 0.05)

 34 

 55 

 (p < 0.05) 

 0.79 + 0.05 

 56 

 (p > 0.05) 



11
3

 3
4

 2
 

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

0.
96

 +
 0

.0
7 

0.
96

 +
 0

.0
7 

0.
84

 +
 0

.2
8 

0.
89

 +
 0

.1
9 

0.
99

 +
 0

.2
5 

0.
91

 +
 0

.1
5 

0.
90

 +
 0

.2
8 

0.
83

 +
 0

.1
5 

0.
84

 +
 0

.2
7 

0.
77

 +
 0

.1
6 

* 
0.

96
 +

 0
.0

7 
0.

87
 +

 0
.0

4 
0.

95
 +

 0
.0

6 
0.

87
 +

 0
.0

5 
0.

81
 +

 0
.0

5 

0.
91

 +
 0

.0
7 

0.
87

 +
 0

.0
7 

  4
 0 C

25
0 C

0.
96

 +
 0

.0
7 

0.
96

 +
 0

.0
7 

0.
87

 +
 0

.3
4 

0.
87

 +
 0

.2
0 

0.
88

 +
 0

.2
6 

0.
94

 +
 0

.1
5 

0.
80

 +
 0

.2
6 

0.
88

 +
 0

.1
4 

0.
75

 +
 0

.1
4 

0.
82

 +
 0

.1
5 

* 
0.

96
 a
 +

 0
.0

7 
0.

87
 b
 +

 0
.0

0 
0.

91
 a

b  +
 0

.0
4 

0.
84

 b
c  +

 0
.0

6 
0.

79
 c
 +

 0
.0

5 

0.
85

 +
 0

.0
8 

0.
89

 +
 0

.0
6 

*
 +

 p
 <

 0
.0

5 



114

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 54  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 55  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 56  2 

 54  55  4 OC  25 OC

56



115

 35 

 57 

 (p < 0.05) 

 0.62 + 0.01 

 35 

 58 

 (p < 0.05) 

 0.63 + 0.01 

 59 

 (p > 0.05) 



11
6

 3
5

 2
 

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

1.
00

 +
 0

.0
6 

1.
00

 +
 0

.0
6 

0.
99

 +
 0

.2
2 

0.
90

 +
 0

.2
6 

0.
91

 +
 0

.1
9 

0.
98

 +
 0

.1
4 

0.
83

 +
 0

.1
8 

0.
89

 +
 0

.1
5 

0.
61

 +
 0

.1
6 

0.
62

 +
 0

.2
4 

* 
1.

00
 a
 +

 0
.0

6 
0.

95
 a

b  +
 0

.0
6 

0.
95

 a
b  +

 0
.0

5 
0.

86
 b
 +

 0
.0

4 
0.

62
 c
 +

 0
.0

1 

0.
87

 +
 0

.1
6 

0.
88

 +
 0

.1
5 

  4
 0 C

25
0 C

1.
00

 +
 0

.0
6 

1.
00

 +
 0

.0
6 

0.
93

 +
 0

.1
0 

0.
91

 +
 0

.2
2 

0.
92

 +
 0

.1
5 

0.
97

 +
 0

.2
0 

0.
85

 +
 0

.1
5 

0.
89

 +
 0

.2
1 

0.
62

 +
 0

.1
4 

0.
64

 +
 0

.2
6 

* 
1.

00
 a
 +

 0
.0

6 
0.

92
 b

c  +
 0

.0
1 

0.
95

 a
b  +

 0
.0

4 
0.

87
 c
 +

 0
.0

3 
0.

63
 d
 +

 0
.0

1 

0.
86

 +
 0

.1
5 

0.
88

 +
 0

.1
4 

*
 +

 p
 <

 0
.0

5 



117

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 57  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 58  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 59  2 

 57  58  4 OC  25 OC

59



118

 ( )

 ( )

36  60 

 ( )

 (p < 0.05)  ( )  0.74 + 0.12 

 ( )

36  61 

 ( )

 (p < 0.05)  ( )  0.76 + 0.05 

 ( )

 62

 ( )

(p > 0.05) 



11
9

 3
6

 (
)

 2
 

 (
)

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

1.
02

 +
 0

.0
4 

1.
02

 +
 0

.0
4 

0.
84

 +
 0

.2
8 

1.
02

 +
 0

.0
9 

1.
04

 +
 0

.1
4 

1.
06

 +
 0

.1
2 

0.
94

 +
 0

.1
3 

1.
00

 +
 0

.1
3 

0.
82

 +
 0

.1
9 

0.
65

 +
 0

.2
3 

* 
1.

02
 a
 +

 0
.0

4 
0.

93
 a

b  +
 0

.1
3 

1.
05

 a
 +

 0
.0

1 
0.

97
 a

b  +
 0

.0
4 

0.
74

 c
 +

 0
.1

2 

0.
93

 +
 0

.1
0 

0.
95

 +
 0

.1
7 

  4
 0 C

25
0 C

1.
02

 +
 0

.0
4 

1.
02

 +
 0

.0
4 

0.
85

 +
 0

.2
1 

0.
99

 +
 0

.1
6 

1.
01

 +
 0

.1
5 

1.
00

 +
 0

.0
9 

0.
94

 +
 0

.1
5 

0.
94

 +
 0

.1
3 

0.
79

 +
 0

.2
1 

0.
72

 +
 0

.2
3 

* 
1.

02
 a
 +

 0
.0

4 
0.

92
 a
 +

 0
.1

0 
1.

01
 a
 +

 0
.0

1 
0.

94
 a
 +

 0
.0

0 
0.

76
 b
 +

 0
.0

5 

0.
92

 +
 0

.1
0 

0.
93

 +
 0

.1
2 

*
 +

 p
 <

 0
.0

5 



120

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 (
)

 60  ( )  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 (
)

 61  ( )  2 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4 6 8

 ( )

 (
)

 62  ( )  2 

 60  61  4 OC  25 OC

62



121

37  63 

(p < 0.05)  0.47 + 0.06  

 37 

 64 

 (p < 0.05) 

 0.54 + 0.06 

 65 

 (p > 0.05) 

 6  8 

 (p< 0.05) 



12
2

 3
7

 2
 

 2
 

 4
 

 6
 

 8
 

  4
 0 C

25
0 C

0.
76

 +
 0

.1
3 

0.
76

 +
 0

.1
3 

0.
60

 +
 0

.1
6 

0.
57

 +
 0

.2
2 

0.
65

 +
 0

.1
7 

0.
62

 +
 0

.1
7 

0.
62

 +
 0

.1
7 

0.
55

 +
 0

.1
5 

0.
51

 +
 0

.2
3 

0.
42

 +
 0

.2
1 

* 
0.

76
 a
 +

 0
.1

3 
0.

59
 b
 +

 0
.0

2 
0.

64
 b
 +

 0
.0

2 
0.

59
 b
 +

 0
.0

5 
0.

47
 c
 +

 0
.0

6B
 

0.
63

 +
 0

.0
9 

0.
58

 +
 0

.1
2 

  4
 0 C

25
0 C

0.
76

 +
 0

.1
3 

0.
76

 +
 0

.1
3 

0.
64

 +
 0

.1
7 

0.
62

 +
 0

.1
8 

0.
66

 +
 0

.1
6 

0.
63

 +
 0

.1
9 

0.
63

 +
 0

.1
8 

0.
57

 +
 0

.1
7 

0.
58

 +
 0

.1
4 

0.
49

 +
 0

.1
5 

* 
0.

76
 a
 +

 0
.1

3 
0.

63
 b
 +

 0
.0

1 
0.

65
 b
 +

 0
.0

2 
0.

60
 b

c  +
 0

.0
4 

0.
54

 c
 +

 0
.0

6A
 

0.
65

 +
 0

.0
7 

0.
61

 +
 0

.1
0 

*
 +

 p
 <

 0
.0

5 

 (p
 <

 0
.0

5)



123

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 2 4 6 8

 ( )

 63  2 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 2 4 6 8

 ( )

 64  2 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 2 4 6 8

 ( )

 65  2 

 63  64                    4 OC  25 OC

65



124

 (Total count) 
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 1.58 Log cfu / g 
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 69 

 (p > 0.05)  8  2.47              

Log cfu / g  ( , 2547) 

 39 

 70 

 (p > 0.05)  8  2.47              

Log cfu / g  ( , 2547) 
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 (p < 0.05) 

 b* (  – )  b* (  – )
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  15

  Ideal  ratio  profile  test
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   (Ratio  profile  test)   

 (Sample)  

 ( Ideal)

  (Mean ideal ratio score)  

(Standard  deviation) 

  1.00  

  1.00

  1.00

  0 

  0.5  

  0.5  
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 Ideal  ratio profile  15  40 

 40   (Mean ideal ratio  score)   (Standard  

deviation)

Ideal (I) Sample (S) Ratio (S / I) 

X SD X SD X SD 

(cm) (cm) (cm) 

1.

-
-
-

2.

-
-
-

3.

-
4.

5.50

3.16

3.21

5.60

5.74

4.36

3.25

10.0

1.55

3.42

3.13

1.49

1.19

2.02

4.22

0.00

5.15

3.02

3.08

5.36

5.53

4.57

3.25

6.42

1.18

3.27

3.11

1.55

1.28

2.79

4.22

1.19

0.98

0.48

0.60

1.03

0.97

0.90

0.40

0.65

0.24

0.51

0.56

0.42

0.14

0.43

0.52

0.11

 40 

  (Mean  ideal  

ratio  score)   (Standard  deviation)    0.98 + 0.24,                

0.48 + 0.51,  0.60 + 0.56,  0.97 + 0.14,  0.90 + 0.43,  0.40 + 0.52    0.65 + 0.11

  7

  1.03 + 0.42 
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1.

  22 Factorial  experimental  

design  with  2  center  points ( , 2547) 

   

  A   ( )   

   -1       

 0 

              +1    

  B   ( )

   -1       

 0 

              +1 

 41

 41  22 Factorial  experimental design with  2  center  

points

  A   B

1  (1) 

2  (a) 

3  (b) 

 4  (ab) 

  5  (Cp 1)

  6  (Cp 2)

-1

+1

-1

+1

0

0

-1

-1

+1

+1

0

0
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  A   ( )   

    60 

 70 

                80 

  B   ( )

 17    

 20    

  23    

 42 

  L   a*   b*   ( )

1  (1) 

2  (a) 

3  (b) 

 4  (ab) 

  5  (Cp 1)

  6  (Cp 2)

97.71  0.46 

86.51  0.26 

103.00  0.16 

91.55  0.65 

94.21  0.34 

94.72  0.24 

0.03  0.03 

1.77  0.05 

0.33  0.04 

1.12  0.02 

1.63  0.04 

1.51  0.07 

-1.95  0.03 

-4.03  0.22 

-1.65  0.20 

-4.96  0.31 

-1.41  0.05 

-1.53 0.10

4.83  0.06 

4.00  0.04 

3.21  0.03 

2.70  0.12 

4.52  0.03 

4.51  0.02 

 :
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 42 

  L ( )  86.51 – 103.00 

  a* (  - )  0.03 – 1.77  a* 

 b*(  - )

(-1.41) – (-4.96)  b* 

  2.70 – 4.83  

  (Multiple  regression)  

 (Y) 

  (Coded  equation)  44
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 44 

 (Coded  equation)  R2

 L 

 a* 

 b* 

94.62 – 5.66( ) + 2.58( )

1.57 + 0.63( ) - 0.24( )( )             

– 0.76( )2

-1.47 – 1.35( ) – 1.68( )2

0.99

0.98

0.96

4.52 - 0.34( ) + 0.08( )( )

– 0.83( )2 – 0.73( )2

0.99

0.95 + 0.29( ) – 0.04( )

0.90 + 0.12( ) – 0.07( )2

0.91 + 0.093( )

0.78 + 0.035( )( ) + 0.045( )2

0.99

0.98

0.81

0.81

 R2

 (Decoding) 

 45 
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 45 

 (Decoded  equation) R2

 L 

 a* 

 b* 

117.04 – 0.566( ) + 0.859( )

-51.28 + 0.56( ) - 0.008( )( )                

- 0.0076( )2

-74.34 + 2.217( ) – 0.0168( )2

0.99

0.98

0.96

-25.17 + 1.074( ) + 0.0027( )( )

– 0.0083( )2 – 0.43( )2

0.99

-0.813 + 0.029( ) – 0.0133( )

-3.37 + 0.11( ) – 0.0007( )2

0.259 + 0.0093( )

0.233 + 0.0389( ) – 0.082( )

+ 0.0012( )( ) - 0.00045( )2

0.99

0.98

0.81

0.81

 45  L 

 a* 

 b*

  L,  a*  b*
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  70

  17   (   1)  

 77 

  80  

  (   1)

 78 

  80   (

  1)  79 

 70  17,20 23

 (  1) 

 80 
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84

86

88

90

92

94

96

98

100

102

104

65

70

75

80
17

18

19

20

21

22
23

L

(
)

(
)

84
86
88
90
92
94
96
98
100
102
104

-105

-100

-95

-90

-85

-80

-75

65

70

75

80 17

18

19

20
21

22
23

a*
(

)
 (

)

-105 
-100 
-95 
-90 
-85 
-80 
-75 

 73   L  74  a* 

         

 ( )
60 65 70 75 80

  b*

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

60

65

70

75

17
18

19

20

21

22

23

(
)

(
)

(
)

2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

 75   b*  76

                         

b*= -74.34+2.217(  )  -0.0168( )2 R2=0.96 = -25.17 + 1.074 ( )+0.0027( )( )

                - 0.0083( )2 – 0.43 ( )2   R2=0.99

L=117.04 - 0.566( ) + 0.859 ( ) R2=0.99 a*= -51.28 + 0.56( ) - 0.008( )( )

           - 0.0076 ( )2  R2=0.98
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0.4

0.6

0.8

1.0

1.2

1.4

60

65

70

75

80

17
18

19
20

21
22  (

)

( )

0.4 
0.6 
0.8 
1.0 
1.2 
1.4 

 ( )
60 65 70 75 80

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

 77  78 

     

 ( )
60 65 70 75 80

0.80

0.85

0.90

0.95

1.00

1.05

0.68

0.70

0.72

0.74

0.76

0.78

0.80

60

65

70

75

80

17
18

19
20

21
22 (

)

( )

0.68 
0.70 
0.72 
0.74 
0.76 
0.78 

 79  80 

     

= -3.37 + 0.11( )  - 0.0007( )2  R2=0.98

= 0.259+0.0093 ( ) R2=0.81             

=  -0.813 + 0.029( ) – 0.0133( ) R2=0.99 

= 0.233 + 0.0389 ( ) – 0.082( )

                     + 0.0012 ( ) ( )  R2=0.81 
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  Mean  ideal  ratio  profile  

1.00

  Mean  ideal  ratio  profile      1.00

  = -0.813 + 0.029( ) – 0.0133( )   R2 = 0.99 

  f  (  , )

  f  (60,17) =  0.70 

  f  (60,20) =  0.66 

  f  (60,23) =  0.62 

  f  (70,17) =  0.99 

  f  (70,20) =  0.95 

  f  (70,23) =  0.91 

  f  (80,17) =  1.28 

  f  (80,20) =  1.24 

  f  (80,23) =  1.20 

  70  

17  

  0.99 
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  = -3.37 + 0.11( ) – 0.0007( )2   R2 = 0.98 

  f  (  )

  f  (60)  =  0.71 

  f  (70)  =  0.90 

  f  (80)  =  0.95 

  80

  0.95 

  = 0.259 + 0.0093( )      R2 = 0.81 

  f  (  )

  f  (60)  =  0.81 

  f  (70)  =  0.91 

  f  (80)  =  1.03 

  80  

  1.03 
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  = 0.233 + 0.0389( ) – 0.082( )    R2 = 0.81 

               + 0.0012( )( ) - 0.00045( )2               

  f  (  , )

  f  (60,17) =  0.77 

  f  (60,20) =  0.73 

  f  (60,23) =  0.70 

  f  (70,17) =  0.78 

  f  (70,20) =  0.78 

  f  (70,23) =  0.78 

  f  (80,17) =  0.70 

  f  (80,20) =  0.73 

  f  (80,23) =  0.77 

  70

17, 20 23

  0.78 
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 46

 46 

( ) ( )

 70 17 

 80 - 

 80 - 

 70 17,20,23 

 70  80 17 

 70  80 

 17  
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2.

  Mixture  

design  ( , 2547)   7

 47   Mixture  design  

 ( )

 ( )

0.30

0.50

0.30

0.50

0.01

0.03

0.01

0.03

     

1 0.50 0.48 0.01 0.01 

2 0.50 0.46 0.01 0.03 

3 0.50 0.46 0.03 0.01 

4 0.50 0.44 0.03 0.03 

5 0.46 0.50 0.01 0.03 

6 0.46 0.50 0.03 0.01 

7 0.44 0.50 0.03 0.03 

  7  

Ideal  ratio  profile  ( , 2545)  

Design  Expert  DX6    (Linear  regression)  

 4

 48 
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 48   Final equation in terms of actual components  

 R2

0.0972( ) + 1.893( )

+ 2.286( ) – 1.963( )

1.242( ) + 0.446( )

+ 2.053( ) + 1.303( )

0.85

0.95

 R2

 48 

0.48   0.48   0.02 

0.02   (   1)

  0.98   0.88  

 0.48 

 0.48 

 0.02 

 0.02 



 1.  

      

  3  

 ( )

 2.  

      

Least  Significant  Difference :  LSD  

  4
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 3.  

      3.1 

 22 Factorial experimental design with 2 center  

points   70   20

      3.2 

 22 Factorial experimental design with 2 center points  

  20   2

 4.  

 4  25  2 

 2, 4, 6 8

(p < 0.05)  b* (  – )

 b* (  – )

 4 

 (p < 0.05) 

8

 6 
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 1.  

      

3

 2.  

     

 22 Factorial

experimental design with 2 center points  70 80

 17

 3.  

      

  Mixture  design  

 0.48  0.48 

0.02   0.02

1.

(Hot fill)

2.

3.



  2549



.  2546. .

.

.  2546.

.

.

.  2528.  .

.

.  2544. .

  2544. 

.  2543.  .

.

.  2546. .

.

.  2541. .

. . .

  2534. .

,

 21 : 3. 

. 2545. .

.

. 2547. .

.

.  2547. .

,   :  5 .

.  2545.  .

.
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( Ideal  Ratio  Profile  Test ) 

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

 : 

 : 
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1.  “ ”

2.   I 

(Ideal)

3.  X 
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......................

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

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

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

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

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

 : 
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HEDONIC  SCALE  SCORING  TEST  PREFERENCE 
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  :

  :  

  :

   

9   =       4    = 

8   =    3    = 

7    =    2    = 

6    =    1    = 

5    = 
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( Ideal  Ratio  Profile  Test ) 

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

  Minolta  Camera   :  Model  CR - 310  

 Hunter  Lab  L  ( Lightness)  a* 

(Redness / Greenness)   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)   Warner Bratzler Meat Penetra 

Compression (2830-013)  Load cell  5  Crosshead 

 100  1  3 
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 (Moisture Analyzer MA30,  Germany)  Sartorius AG, 

2002

  5  

 3  

 –  (pH) (Microprocessor  pH  meter,  Hanna      

Instrument : Model  HI  1131,  USA)  Pearson, 1981 

  20  

 1 

 –   pH  meter  

 -  4.00  7.00 

3
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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

 2.   Plate   count  agar (PCA)

 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

 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
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 (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 

 4. -  3.5  

 10  (  100 

 1.9 )

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

  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
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.  (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 

 Brilliant  Green  Lactose  Bile  Broth   40 

  1000   Brilliant  Green  Lactose  Bile  Broth   10  

  121 - 124  15 

  0.1   25  250 
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 1. 

 2.  10 

   (Stomacher  bag)    90  

 1 : 10   (10-1)

 3.  1:10    (10-1)  1 

 9  

1 : 100   (10-2)

 (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)
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 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

 3. E.coli
 1 

 (Tryptone  water)   44.5 ± 0.5 

24
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 4. E.coli
 5. E.coli

 6.   MPN   Coliform E.coli   1 

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

test) E.coli
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.1

3  1 :10 

 1 .

3  1 :100 

 1 .

3  1 :1000 

 1 .

MPN

0

0

0

0

1

1

1

1

1

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

3

3

3

0

0

1

2

0

0

1

1

2

0

0

1

1

2

2

3

0

0

0

1

1

1

2

2

2

3

3

3

3

0

1

0

0

0

1

0

1

0

0

1

0

1

0

1

0

0

1

2

0

1

2

0

1

2

0

1

2

3

< 3 

< 3 

3

6

4

7

7

11

11

9

14

15

20

21

28

30

23

39

64

43

75

120

93

150

210

240

460

1,100

> 2,400 

 : AOAC (2000)


