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4.1

(  10%) 

 2  1  (

 10%) 

 4.1 

 (p<0.05)  L 

 2  1 

 (p<0.05)  (2550) 

 1  1 

 L  43.02 

 3  1  30.4 (

, 2553) a* b*  10% 

 (2550) 

 2.9-13.2 

 3.37-13.61 -  5-6 

 (2543) -  5.56 
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 7.53 

 2  1  10% 

 6.11  Wongfhun

et al. (2009)  1  1 

 2.69   4.49 

 Kormin (2005) 

 1  4 

 2.45  3.91 

 Ali (2008)  4.2-

4.6  7.7-9.1 

 1.1-1.3 

 5.4-7.1  Sribusarakum (1997) 

 (terminolic acid) 

 6.0 7.0 

21.0  30.0  ( )  9.28 10.94 

32.81  46.88%  1.98-

2.60  5.43-6.23 

 3.51-4.11 

 Kormin (2005) 

 1  4  4.23 

 Tee et al. (1998)

 2.65  48.5  Kim et al. (2008) 

 0.04 9.81  5.85 

 ( )

 565.30-486.64 

 4  1  1,470.14  

 (Kormin, 2005)  (2550) 

 1  1 
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 1,194 

 988.54  (Wongfhun et 
al., 2009) 

(McCarthy and Mattehus, 1994) 

 (Harborne and Williams, 2000; Robards, 2003) 

 35.8  75.5 

 (Gardner et  al., 2000) 

 (

 10%) 

 2  1  10% 

 4.46-4.56 log CFU/mL 

2.42-2.25 log CFU/mL  3 MPN/mL E. coli 
 3 MPN/mL 

E. coli  (BAM, 2000) 

4.2
 (  10%) 

 2  400  600 MPa 

2  20  40 
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4.2.1

 10%  400  600 MPa 

 20  40  4.2  4.3 

 L a* b*  2 

 (p<0.05)

 L b*

 a*  Wongfhun et al. (2009)

 400 MPa  20  Chroma (C) 

 Hue (h°) 

-

 10% 

-  (p>0.05)

 (2550)  400-600 MPa  30-40

 20  40 -

 10% 

 (p<0.05)

 10% 

 7.10-7.18  6.60-6.66 

 4.62-6.26  3.90-5.02% 

(  4.4  4.5)  Wongfhun et al. (2009)

 (p<0.05)  400 MPa  20 
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 4.2 

400 MPa 600 MPa 
20  40  20  40 

L

a*
b*

(oBrix) ns

 (%) ns 

-  (pH) ns 

 (mg/100 mL)

 (mg/100 mL)

 (mg BCE/100 mL) 

 (mg/100mL) 

(mg GAE/100 mL) 

28.54±0.03 a

-1.06±0.03 a

5.88±0.04 a

3.5±0.04

3.83±0.11

6.00±0.01

7.10±0.12 b 

1.85±0.02 b 

5.78±0.01 b

3.67±0.02 b

416.38±1.98 d

28.53±0.02 a

-1.11±0.03 b

5.86±0.04 a

3.5±0.00

3.85±0.10

6.00±0.00

7.06±0.13 c 

1.87±0.02 a 

5.80±0.00 ab

3.72±0.03 a

421.32±2.10 c 

28.49±0.03 b

-1.13±0.03 bc

5.81±0.03 b

3.6±0.00

3.85±0.10

5.98±0.00

7.12±0.13 b 

1.82±0.02 c

5.83±0.01 a

3.64±0.02 b

424.34±1.55 b 

28.52±0.02 ab

-1.16±0.03 c

5.85±0.02 ab

3.6±0.04

3.86±0.10

5.99±0.01

7.18±0.10 a 

1.85±0.01 b

5.81±0.10 a

3.66±0.01 b

426.67±1.82 a 

 95%  3 

 ± 

ns (non significant) 

BCE (beta-carotene equivalent) 

GAE (gallic acid equivalent) 
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 4.3  10% 

 10% 
400 MPa 600 MPa 

20  40  20  40 

L

a*
b*

(oBrix) ns

 (%) ns 

-  (pH) ns 

 (mg/100 mL)

 (mg/100 mL)

 (mg BCE/100 mL) 

 (mg/100mL) 

(mg GAE/100 mL) 

26.93±0.10 a

-2.85±0.03 b

6.67±0.01 b

13.2±0.04

13.61±0.13

5.94±0.00

6.60±0.10 c 

1.71±0.10 b 

5.71±0.01 b

3.65±0.01 b

418.18±1.10 c

26.97±0.02 a

-2.76±0.03 a

6.78±0.10 a

13.2±0.04

13.60±0.14

5.94±0.00

6.62±0.10 b 

1.73±0.03 a 

5.66±0.01 c

3.58±0.02 c

421.10±2.56 b 

26.95±0.03 a

-2.80±0.02 a

6.68±0.03 b

13.4±0.0

13.63±0.15

5.92±0.01

6.66±0.10 a 

1.70±0.04 c 

5.67±0.01 c

3.64±0.01 b

422.61±1.50 b 

26.87±0.02 b

-2.87±0.02 b

6.60±0.02 c

13.3±0.10

13.63±0.10

5.93±0.10

6.61±0.04 b 

1.71±0.10 b 

5.76±0.00 a

3.69±0.03 a

429.69±2.18 a 

 95%  3 

 ± 

ns (non significant) 

BCE (beta-carotene equivalent) 

GAE (gallic acid equivalent) 

 10%  (p<0.05)  1.82-1.87 

 1.70-1.73 

 28.02-29.87  19.04-20.93%  Wongfhun et al. 



44

(2009)  10% 

 (p<0.05)  400 MPa 

20  4.77  4.13  4.16 

 Hsu et al. (2008) 

 (p<0.05)  300 400  500 MPa  10 

 Houska et al. (2006) 

 350-500 MPa  5-20 

 (Dissolved oxygen) 

 2,3-

 (Davey et al.,
2000)

 10%  (p<0.05)  5.78-

5.83  5.66-5.67 

 6.80-7.65  5.20-6.84% 

 Wongfhun et al. (2009)

 10%  400 MPa 

 20  2.51  2.52 

 10%  (p<0.05)

3.64-3.72  3.58-3.69 

 9.62-11.32  8.56-11.14% 

 Wongfhun et al. (2009) 

 10% 
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 400 MPa  20 

 10%  (p<0.05)

 416.38-426.67  418.18-429.69 

 24.52-26.34  20.22-22.36% 

 (Nicoli et al.,
1999)  Wongfhun et al., (2009) 

 10% 

 (p<0.05)  400 MPa  20 

 4.4 

(mg/100 mL)
 (%)

400 MPa 600 MPa
20  40  20  40 

 1 

2

7.53±0.03

2.60±0.11

6.23±0.12

4.11±0.00

565.30±2.63

5.68 b

28.92 b 

7.65 a 

10.84 a 

26.34 a 

6.26 a

28.02 c 

7.02 ab 

9.62 b

25.47 b 

5.43 b

29.87 a 

6.80 b 

11.32 a 

24.93 c 

4.62 c

28.74 b 

6.99 b 

11.02 a 

24.52 d 

 95%  3 

 ± 
1BCE (beta-carotene equivalent) 

2GAE (gallic acid equivalent) 

 100% 
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 4.5 
 10% 

(mg/100 mL)
 (%)

400 MPa 600 MPa
20  40  20  40 

 1 

2

6.93±0.13

2.34±0.11

6.07±0.01

4.03±0.01

538.58±1.25

5.02 a

20.20 b 

5.94 b 

9.43 b 

22.36 a 

4.53 b

19.04 c 

6.84 a 

11.14 a

21.81 b 

3.90 c 

20.93 a 

6.62 a 

9.83 b 

21.53 b 

4.60 b

19.94 b  

5.20 c 

8.56 c 

20.22 c 

 95%  3 

 ± 
1BCE (beta-carotene equivalent) 

2GAE (gallic acid equivalent) 

 100% 

4.2.2

 10%  400  600 MPa  20 

40  2 

 600 MPa  40 

(p<0.05)

 1 log CFU/mL

 E. coli  3 MPN/mL 

 2  ( .

163/2552)
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 (Knorr, 1995; Phunchaisri 

and Apichartsrangkoon, 2005)  300-600 MPa 

 (Smelt, 1998)  300-700 MPa 

 (Bull et al., 2004) Garriga et al. (2004) 

 300-500 MPa  25  10  400  500 

MPa  Hoover et al. (1989) 

 350 MPa  30  400 MPa  5 

 10  (2549) 

 500-600 MPa 

 30-50  20  Laboissiere et al. (2007) 

 3.2 log CFU/mL 

 300 MPa  5 25

 10%  600 MPa  40 

 (p<0.05)

4.3
 2  1 

 10% 

 3  60 70 

80

1
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4.3.1

10%  3  60 70  80

 5 

 1 

 (°Brix)  ( )

 4.1  60 70  80

 35 27  15 

 10%  60 70  80  40 33  22 

 (80 )

 (p<0.05)

 (60  70 )

 (2553) 

 50 60  70

 50  120 

 60  70  75  65 
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0.0
3.0
6.0
9.0

12.0
15.0
18.0
21.0
24.0
27.0
30.0

0 5 10 15 20 25 30 35 40 45

( )

(°B
ri

x)

60° 10% 

70° 10% 

80° 10% 
60°

70°

80°

 4.1
 ( )

4.3.2

 4.6  4.7 

 10% 

 L a* b*  (p<0.05)

 L  b* a*

 Kormin (2005) 

 65  15  85  5  L 

 (a*)

a*
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 (Martinez and Whitaker, 1995)  L 

 10% 

 Maillard 

( , 2550)  a* b*  10% 

 Maillard 

 4.6 

60  (35 ) 70  (27 ) 80  (15 )

L

a*
b*

 (oBrix) ns 

 (%) ns 

-  (pH)  ns 

 (mg/100 mL)

 (mg/100 mL)

 (mg BCE/100 mL) 

 (mg/100 mL) 

(mg GAE/100 mL) 

30.28±0.02 c 

5.95±0.03 a

82.83±0.03 c 

5.9±0.05

6.53±0.96

5.97±0.01

4.22±0.12 c

1.32±0.03 a

3.55±0.04 c

2.35±0.03 c

278.56±1.40 c

30.74±0.04 b

5.87±0.02 b 

83.27±0.03 b

5.9±0.04

6.61±0.58

5.96±0.01

4.78±0.21 b

1.25±0.02 b

3.76±0.10 b

2.40±0.02 b

287.22±1.27 b

31.03±0.03 a 

5.29±0.03 c

83.96±0.07 a 

6.0±0.00

6.58±0.31

5.96±0.00

5.23±0.30 a

1.17±0.02 c

4.18±0.10 a

2.61±0.01 a

311.14±1.64 a

 95%  3 

 ± 

ns (non significant) 

BCE (beta-carotene equivalent) 

GAE (gallic acid equivalent) 
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 4.7  10% 

 10% 
60  (40 ) 70  (33 ) 80  (22 )

L

a*
b*

 (oBrix) ns 

 (%) ns 

-  (pH)  ns 

 (mg/100 mL)

 (mg/100 mL)

 (mg BCE/100 mL) 

 (mg/100 mL) 

(mg GAE/100 mL) 

28.07±0.02 c 

7.45±0.03 a

83.85±0.02 c

25.8±0.04

26.09±0.16

5.88±0.01

4.21±0.11 b

1.21±0.01 a

3.39±0.10 c

2.20±0.10 b

291.13±1.68 b

28.73±0.04 b 

7.31±0.03 b 

83.98±0.06b

26.0±0.04

26.23±0.29

5.86±0.00

4.49±0.10 b

1.18±0.02 b

3.61±0.10 b

2.18±0.01 b

283.64±1.27 c

29.17±0.03 a

6.97±0.02 c

85.87±0.07 a

25.8±0.00

26.28±0.23

5.89±0.00

4.82±0.20 a

1.09±0.02 c

4.02±0.10 a

2.38±0.03 a

305.57±0.98 a

 95%  3 

 ± 

ns (non significant) 

BCE (beta-carotene equivalent) 

GAE (gallic acid equivalent) 

4.3.3

 4.6  4.7  3  (60 

70  80 )

-  (p>0.05)
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 10%  25.8-26 

5.9-6.0  24.09-24.78  5.36-5.61 

-  5.95-5.96  5.99-6.02 

 4.8 

(mg/100 mL)
 (%)

60
(35 )

70
(27 )

80
(15 )

 1 

2

6.68±0.17

2.21±0.05

5.74±0.03

3.84±0.01

512.27±2.66

36.81 a

40.10 c 

38.10 a 

39.17 a 

45.62 a 

28.39 b

43.30 b 

34.54 b 

37.50 b

43.93 b 

21.70 c

46.97 a 

27.13 c 

31.98 c 

39.26 c 

 95%  3 

 ± 
1BCE (beta-carotene equivalent) 

2GAE (gallic acid equivalent) 

 100% 
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 4.9 
 10% 

(mg/100 mL)
 (%)

60
(40 )

70
(33 )

80
(22 )

 1 

2

6.11±0.03

1.98±0.10

5.43±0.01

3.51±0.00

486.64±1.84

31.02 a

38.70 c 

37.50 a 

37.86 a 

40.18 b 

26.45 a

40.55 b 

33.44 b 

37.77 a

41.71 a 

21.13 b

44.94 a 

26.37 c 

32.14 b 

37.20 c 

 95%  3 

 ± 
1BCE (beta-carotene equivalent) 

2GAE (gallic acid equivalent) 

 100% 

 10% 

 2 

 (p<0.05)

 10%  80  (

)  60  70  (p<0.05)

 2 

 60 70  80  36.18 28.39 21.70 

31.02 26.45 21.13  (  4.8  4.9) 
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 2 

 10%  60

70  80  (p<0.05)

 2 

60 70  80  40.10 43.30 46.97  38.70 40.55 44.94 

 Kormin 

(2005)  65  15  90  1 

 58  67%  Nicoli et al. (1997) 

 55% 

 95  30  Kaack and Austed (1998) 

 38-42% 

 100  10 

 10%  80

 60  70  (p<0.05)

 2 

 60 70  80  38.10 34.54 27.13  37.50 33.44 26.37 

 (2552) 

(isomerization) 

 Wongfhun et al. 
(2009)

(p<0.05)  90  3  121  4 

 2.50 

 2.39  2.26 

 Hsu et al. (2008)  15% 
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 98  15  Miki and Akatsu 

(1970)  90 100  130  7 

 1.1 1.7  17.1% 

 10%  80

 60  70  (p<0.05)

 2 

 60 70  80  39.17 37.50 31.98  37.86 

37.77 32.14 

 ( , 2552) 

 (Gupta et al., 1964)  Labuza and Baisier 

(1992)

 10%  80

 60  70  (p<0.05)

 2 

 60 70  80

45.62 43.93 39.26  40.18 41.71 37.20  Kormin (2005) 

 65  15  85  5 

 49  45% 

 (Nicoli, 1999)  Wongfhun et al. (2009)

 90  3  121  4  988.54 
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 235.75  158.13 

4.3.4

 10% 

 2  (80 )

 (60  70 )  (p<0.05)

 3 

4 log CFU/mL  3 

 1 log CFU/mL 

E. coli  3 MPN/mL 

 ( . 163/2552) 

 (coagulation) 

 ( , 2541) 

 (2549) 

 90  30-120 

 10%  80  15  22 
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4.4

 4.10  4.11 

 (Apichartsrangkoon et al., 1998) 
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 4.11

1. 1.

2. 2.

3. 3.

4.

1. 1.

2. 2.

3. 3.



60

4.5

 10% 

 600 MPa  40 

 10% 

 80  15  22 

 4

 7 

 ( .163/2552) 

 28 

4.5.1
 (

 10%) 

 4  28  21  L a*  b*
 (  10%) 

 2  (p<0.05)

 L b*
a*

(a*)

 (L) (b*)

 (2551) 

 ( )

 (2553) 
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4   40  90  L a*  b*
(p<0.05)  (2550) 

 L* C*  h° 

 (p<0.05)  4  C*  h° 

 4  C*  h° 

 L*  (p>0.05)

4.5.2
-

 10% 

 4  28  21  4.2 

-  10% 

 (p>0.05)

-

-  ( , 2541)  (2550) 

 4 -

-

 4 -

-

 1  5.80  4.43  4.03 

-  3.67  3.83 

 4 

 Esteve et al. (2005)  4  10

6 -  (p<0.05)

 10% 
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 2  (p>0.05)

 Wongfhun et al. (2009)

 4

 4 -

 (p>0.05)

:

 95% 

  HP 10% sugar added =  10% 

                   HP without sugar added = 

Evap 10% sugar added =  10% 

Evap without sugar added = 

 4.2 -

 4

a

b

c
d

a b

c

d

4.5

4.7

4.9

5.1

5.3

5.5
5.7

5.9

6.1

6.3

6.5

0 7 14 21 28

( )

-
(p

H)

HP 10% sugar added HP without sugar added
Evap 10% sugar added Evap without sugar added
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 10% 

 4  28  21  4.3-4.7 

 4.3 

 10% 

 4  28  21 

 10% 

 2  (p<0.05)

 10%  7.11  6.67 

 6.65  6.38 

 10% 

 5.28  4.83 

 4.61  4.28 

 (2553) 

4  90  30  30 

 (p<0.05)

 3.56 

 2.65  2.59 

4.49  3.38  3.19 

 Wongfhun et al. (2009)

 (p<0.05)  4

 4  Sapkoet (2007) 

 35  40
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bababaa

aa ab bc c

a a
b b

a b bc c

3

4

5

6

7

8

0 7 14 21 28

( )

(m
g/

10
0m

L)

HP 10% sugar added HP without sugar added 
Evap 10% sugar added Evap without sugar added 

:

 95% 

  HP 10% sugar added =  10% 

                   HP without sugar added = 

Evap 10% sugar added =  10% 

Evap without sugar added = 

 4.3 
 4

 4.4 

 10% 

 4  28  21 

 10% 

 2  (p<0.05)

 10% 

 1.83  1.72  1.4 

 1.38 

 10% 
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dd
c

b
a

b
a

c cd
d

a
b

b

c

a
b

c
c

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 7 14 21 28

( )

(m
g/

10
0 

m
L)

HP 10% sugar added HP without sugar added 
Evap 10% sugar added Evap without sugar added 

 1.21  1.13  0.86  0.84 

 Wongfhun et al. (2009) 

(p<0.05)  4  4  Krebbers et al. (2002) 
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