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α
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     

     
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Category

Practical

Lifetime at

+8 (days)℃

Practical

Lifetime at

+8 (days)℃

Practical Lifetime at

+8 (days)℃

B 3.4 6.0 0.7

M 5.1 9.0 1.0

P 8.5 15.0 1.7

D 13.6 24.0 2.7

H 14.7 26.0 2.9

F 25.5 45.0 5.1

S 31.7 56.0 6.3
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l Labuza TTI

kinetics
-

l Taoukis

,

(

, ) TTI

l 1990

TTI -
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α α
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 ×

×
××
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


 ∙ exp∙




ln
  ln 

 
 

  ∙  

  ∙ exp∙ 

ln  ln ∙

 ∙ exp∙
 
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ln  ln 
 

 

   ∙  
∙ exp∙

 
∙ exp∙

 

ln ln  ∙  
∙ exp∙

 
∙ exp∙

 

α
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Temperature Time(h) vs. R-index (%)

20℃ Time 12 24 36 48 60 72 84 　 　

R-index 55.22 68.95 80.27 87.26 89.26 95.26 100.0 　 　

±5.681) ±4.56 ±5.26 ±6.53 ±2.68 ±0.25 ±0.23 　 　

15℃ Time 12 24 36 48 60 72 84 　 　

R-index 50.00 50.00 51.69 66.69 75.96 88.56 99.47 　 　

±0.12 ±4.36 ±6.32 ±5.88 ±3.69 ±4.98 ±3.68 　 　

10℃ Time 12 24 36 48 60 72 84 138 　

R-index 50.00 50.00 50.00 53.33 65.38 78.87 88.98 95.46 　

±0.12 ±4.56 ±3.98 ±3.89 ±2.57 ±2.41 ±2.11 ±0.25 　

5℃ Time 12 24 36 48 60 72 84 138 162

R-index 50.00 50.00 50.00 50.00 54.34 58.87 62.68 68.55 72.53

±0.12 ±4.52 ±4.69 ±4.99 ±4.23 ±3.56 ±3.44 ±3.85 ±4.21
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α α

α α

α α

α

α

α α

α α

α

α

Significance level Off-flavor development time (h)

20℃ 15℃ 10℃ 5℃

=0.05α 34.89±5.161),a 63.10±3.69b 72.42±2.35c ND2)

=0.01α 42.42±5.02a 68.05±3.55b 78.10±2.21c ND
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　 Temperature(℃) 0
th
order reaction 1

st
order reaction

k(1/h) R
2,1) k(1/h) R2,1)

Total viable count (log CFU/g) 5 - - 1.341x10
-2

0.265

10 - - 2.951x10
-2

0.679

15 - - 5.871x10
-2

0.952

20 - - 5.866x10
-2

0.814

Pseudomonas spp. (log CFU/g) 5 - - 1.957x10
-2 0.346

10 - - 4.177x10-2 0.915

15 - - 5.857x10-2 0.878

20 - - 5.963x10-2 0.825

K-value (%) 5 4.714x10-1 0.873 6.231x10-3 0.802

10 4.795x10-1 0.845 6.269x10-3 0.767

15 5.240x10-1 0.765 6.974x10-3 0.691

20 8.039x10-1 0.738 1.105x10-2 0.688

Torry meter (score) 5 -1.551x10-2 0.304 -1.376x10-3 0.300

10 -2.258x10-2 0.214 -2.136x10-3 0.213

15 -4.538x10-2 0.708 -4.146x10-3 0.711

20 -2.410x10-1 0.999 -2.662x10-2 0.997

VBN (mg%) 5 5.808x10-1 0.862 3.728x10-2 0.944

10 6.581x10-1 0.889 3.714x10-2 0.942

15 8.003x10-1 0.881 4.391x10-2 0.931

20 1.169 0.962 6.757x10-2 0.873

TMA (mg%) 5 7.837x10-2 0.967 2.492x10-2 0.933

10 8.016x10-2 0.972 2.392x10-2 0.876

15 1.009x10-1 0.983 2.803x10-2 0.883

20 1.317x10-1 0.977 3.515x10-2 0.884

pH 5 -2.361x10-3 0.697 -3.453x10-4 0.699

10 -1.657x10-3 0.394 -2.393x10-4 0.395

15 4.851x10-3 0.706 6.871x10-4 0.708

20 3.571x10-3 0.136 5.017x10-4 0.140

AV (mg-KOH/g) 5 2.524x10-2 0.950 7.320x10-3 0.972

10 2.792x10-2 0.969 7.994x10-3 0.977

15 3.103x10-2 0.941 8.740x10-3 0.958

20 3.505x10-2 0.910 9.736x10-3 0.935
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　 A (1/h) B (1/h) Ea(kJ/mol) R
2,1)

Total viable count - 3.382x10
11

71.003 (1
st
)
2)

0.888

Pseudomonas spp. - 4.928x10
7 49.578 (1st) 0.845

K-value - 5.139x102 26.498 (1st) 0.776

Torry meter - 2.331x1020 118.650 (0th)3) 0.885

VBN - 3.543x10
5

30.929 (0
th
) 0.932

TMA - 2.810x10
3

24.414 (0
th
) 0.901

pH - 8.303x10
4

40.668 (0
th
) 0.670

AV - 1.674x10
1

15.044 (0
th
) 0.998

1/tR 2.318x10
7

- 50.158 0.879

α
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Temperature Time(h) vs. R-index (%)

20℃ Time 12 24 36 48 60 72 84 　

R-index 50.00 65.33 78.98 84.66 91.65 95.26 100.00 　

±0.12
1) ±3.21 ±2.25 ±2.41 ±2.53 ±1.69 ±1.98 　

15℃ Time 12 24 36 48 60 72 84 　

R-index 50.00 50.00 51.69 66.69 74.66 87.29 98.55 　

±0.11 ±4.36 ±5.36 ±4.66 ±2.36 ±2.11 ±3.66 　

10℃ Time 12 24 36 48 60 72 84 138

R-index 50.00 50.00 50.00 54.21 60.36 78.63 85.62 88.63

±0.11 ±4.26 ±3.87 ±3.69 ±2.68 ±2.51 ±3.55 ±0.43

5℃ Time 12 24 36 48 60 72 84 138

R-index 50.00 50.00 50.00 50.00 50 55.96 61.98 70.69

±0.11 ±3.65 ±4.69 ±4.99 ±4.23 ±3.56 ±3.44 ±3.85

α α

α α

α α

α

α

α α

α α

α
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α

Significance level Off-flavor development time (h)

20℃ 15℃ 10℃ 5℃

=0.05α 36.48±4.661),a 64.33±3.68b 73.01±2.65c ND2)

=0.01α 46.09±4.89
a

68.88±3.25
b

81.24±2.36
c

ND
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　 Temperature(℃) 0
th
orderreaction 1

st
orderreaction

k(1/h) R
2,1)

k(1/h) R
2,1)

Total viable count (log CFU/g) 5 - - 2.043x10
-2

0.473

10 - - 5.156x10
-2

0.935

15 - - 6.291x10
-2

0.893

20 - - 5.176x10
-2

0.686

Pseudomonasspp.(logCFU/g) 5 - - 2.802x10-2 0.740

10 - - 6.439x10-2 0.970

15 - - 6.498x10-2 0.941

20 - - 5.546x10-2 0.704

K-value (%) 5 4.342x10
-1 0.986 8.112x10-3 0.983

10 4.502x10-1 0.966 7.911x10-3 0.928

15 5.745x10
-1

0.925 9.682x10
-3

0.871

20 6.725x10
-1

0.825 1.142x10
-2

0.747

Torry meter (score) 5 -1.362x10
-1

0.960 -4.710x10
-2

0.763

10 -1.786x10
-1

0.878 -7.262x10
-2

0.965

15 -1.817x10
-1

0.789 -2.041x10
-1

0.794

20 - - - -

VBN (mg%) 5 1.237x10
-1

0.901 1.670x10
-2

0.809

10 1.734x10
-1

0.697 1.756x10
-2

0.589

15 3.981x10
-1

0.974 2.893x10
-2

0.787

20 5.288x10
-1

0.971 3.700x10
-2

0.794

pH 5 3.780x10-3 0.742 6.337x10-4 0.744

10 4.514x10-3 0.861 7.518x10-4 0.864

15 6.339x10-3 0.887 1.048x10-3 0.888

20 1.121x10-2 0.907 1.825x10-3 0.911

AV (mg-KOH/g) 5 3.811x10-2 0.987 9.360x10-3 0.989

10 5.381x10-2 0.995 1.135x10-2 0.977

15 7.378x10-2 0.946 1.464x10-2 0.897

20 8.490x10-2 0.924 1.636x10-2 0.837
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α

　 A (1/h) B (1/h) Ea(kJ/mol) R
2,1)

Total viable count - 2.057x10
6

41.961(1
st
)
2)

0.597

Pseudomonasspp. - 7.030x10
3

28.110(1
st
) 0.454

K-value - 3.790x10
3

21.083(0
th
)
3)

0.932

Torry meter - 8.370x10
16

97.362(1
st
) 0.942

VBN - 7.363x10
6

40.030(0
th
) 0.908

pH - 4.376x10
5

27.265(1
st
) 0.936

AV - 7.790x10
2

31.160(1
st
) 0.983

1/tR 7.945x10
6

- 47.651 0.875
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  ∙  




 

  ∙ exp
 

ln  ln  
 

 

ln     ln   
  ln    



∙∆

Δ


  ln    



 ∙ exp∙
 
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     
 



∙∆




 


 



 ∙ exp∙
 

  ∙ exp






∙ 



 






 



 ∙ exp






∙ 



 




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Distribution channel
type

Shippi
ng (h)

Warehousing
/Shipment

(h)

Warehousing
/Storing (h)

Proces
sing
(h)

Market
exhibiti
on (h)

Sale/
Consu
mption
(h)

Pseudomon
as (log
CFU/g)

Distribution center
(A)

72 15 8 0 12 12 9.518

Through
manufacturer (B)

72 15 0 24 0 12 10.134

Direct marketing (C) 72 15 0 0 0 12 6.337

Distribution channel
type

Shipping
(log
[Sk])

Warehousin
g/Shipment
(log [Sk])

Warehousing
/Storing
(log [Sk])

Proces
sing
(log
[Sk])

Market
exhibition

(log [Sk])

Sale/
Consumption
(log [Sk])

Distribution center
(A)

6.707 6.456 6.531 0 7.827 10.597

Through
manufacturer (B)

6.707 6.456 0 8.624 0 11.213

Direct marketing
(C)

6.707 6.456 0 0 0 7.416
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Distribution
channel type

Shipping
(h)

Warehousing
/Shipment

(h)

Warehousing
/Storing
(h)

Processing
(h)

Market
exhibition

(h)

Sale/
Consumption

(h)

VBN (mg%)

Distribution
center (A)

24 15 8 0 12 12 28.809

Through
manufacturer (B)

24 15 0 24 0 12 26.329

Direct
marketing (C)

24 15 0 0 0 12 13.537
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Distribution
channel type

Shipping
(log [Sk])

Warehousing
/Shipment
(log [Sk])

Warehousing/
Storing
(log [Sk])

Processing
(log [Sk])

Market
exhibition
(log [Sk])

Sale/
Consumption
(log [Sk])

Distribution
center (A)

1.827 3.214 3.022 0 3.297 3.378

Through
manufacturer

(B)

1.827 3.214 0 3.208 0 3.401

Direct
marketing (C)

1.827 3.214 0 0 0 3.234
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∆

 ∆

∆ 
 ∙

∆             

∆ ∆

  ∙ exp∙



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ln  ln  


∙ 



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


  

  ∙ exp∙




   


∙∆
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


  ∙ exp∙




  ∙ exp


∙









  ∙ exp


∙





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의VBN kinetic modeling

ln  →  ∙ exp


∙





∙ 
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→ ∙ exp


∙





∙  



- 125 -



- 126 -



- 127 -

Temperature
(℃)

0
rdorderreaction

A(1/h) Ea(kJ/mol) R2

k R
2

VBN

5 8.28 10Х -2 0.955

1.669 10Х 12 70.88 0.967
10 1.42 10Х -1 0.917

15 1.94 10Х
-1

0.926

20 4.29 10Х -1 0.959
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 




 







 




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Ea (kJ/mol) k0 (1/h) R
2

Deterministic 69.94 6.696×1011 0.927

Stochastic 57.0224 2.6×10
9

0.9503

2.6×109,
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TTI
Mackerel

(VBN)

Pollack

(Pseudomonas spp.)
Ea (KJ/mol) 88.06 70.88 69.93

Shelf-life at 5 119 119 119.0

threshold 0.35 18.5 (mg%) 5.6 (log CFU/g)

 

  

  

 

 

  


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