
4

4.1
4.1.1

10

 ( 19 )
 ( 35 )

4.1.2
10

3 (PP)
(PP)

 ( 4.1 .2)

(PP)

4.1

60 4
 (PP)
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4.2
4.2.1

10
(PP)

50 60 70 30
 ( )

168.82 50
300  ( ) 14.70 ( 4.1)

60 70 60

 ( )  12.60 9.32
300

0
20
40
60
80

100
120
140
160
180

0 30 60 90 120 150 180 210 240 270 300
 ( )

 (
)

50
60
70

 4.1
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70 60 50
( 4.2)

Gujal and Khanna (2002) Azeredo et al. (2005) 

(constant rate period) (falling rate period)
 2 

2

 (constant rate period)

 (falling rate period)

 ( ) 168.82  ( )
62.82
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(falling rate period)
(falling rate period)

2 (falling rate period I) (falling rate 

period II) 60 70
(falling rate period I) (falling 

rate period II) 50
(falling rate period I II)

(2548) (2550)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
 ( / )

(
/

)

50
60
70

4.2

Falling rate 
period I 

Falling rate     
period II 
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4.1.2
 4.1.2.1 50

10
(PP) 50

4
45

15 4 6
L* ( )  ( 4.2)
a * ( ) b* ( )

 (p < 0.05) 
 ( ) 11.25-12.40

12-15 (FAO, 1997) 
0.487-0.508 0.60 (USA Patent, 
1989)

( , 2538)  (2545) 
17  ( )

13.78 14.48 0.63- 0.62

(p > 0.05) 
( 4.2) (6.70-7.22)

(6.67-6.88) (6.30-
6.89) (6.50-7.22)

 (2545)  Hedonic 

scale (9-point) 6.43
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 4.2
50

50 1/

5 5
15

5
30

5
45

6

15

L *
a *
b *

 ( )

49.40a +0.57
15.23c+0.39
26.06c +0.38
1.19d+0.17

48.05b+0.30
15.74bc+0.28
25.63c+1.21
1.33d+0.12

47.98b+0.29
16.12b+0.15
29.65a+0.58
1.57c+0.12

47.96b+0.54
16.10b+0.49
26.77bc+0.43
1.86b+0.12

44.32c+1.13
17.20a+0.57
27.52b+0.66
2.44a+0.21

 ( ) 12.40a+0.06
0.508a+0.001

12.21a+0.06
0.502ab+0.005

11.82b+0.04
0.502ab+0.003

11.65b+0.08
0.496b+0.003

11.25c+0.05
0.487c+0.006

ns

ns

ns

ns

7.22+0.83
6.88+1.05
6.89+0.78
7.22+0.97

7.00+0.70
6.80+1.27
6.83+0.93
7.11+0.93

6.89+0.78
6.56+1.24
6.56+1.01
6.50+0.88

6.78+0.97
6.67+1.22
6.33+0.70
6.55+1.01

6.70+0.83
6.67+1.00
6.30+1.07
6.50+1.01

: 1/ Duncan’s New Multiple Range 

Test

(p < 0.05) 
ns (p > 0.05) 
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L* ( )

50 5
15

4.1.2.2 60
10

(PP) 60
3 45

15 4 5
L* ( ) (

4.3) a * ( ) b*
( )

 (p < 0.05) 
 ( )

11.14-12.45 0.480-0.502
 (2547)

24
( ) 10.62-12.38 0.38-0.45
(2547) 15

 ( )  11.26 0.55  (2547) 
30  ( )

5.5 0.457
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 4.3
60

60 1/

4 4
15

4
 30

4
45

5

15

L *
a *
b *

 ( )

50.64a+1.60
14.41c+0.56
28.75a +0.53
1.11d+0.16

50.21a+0.10
14.66c+0.19
27.29ab+0.22
1.42c+0.13

49.78a+1.06
15.36bc+0.27
30.65a+1.11
1.59c+0.13

47.07b+1.41
16.25ab+0.91
28.25a+0.75
2.01b+0.13

43.8c+0.60
17.31a+0.43
24.36b+0.75
2.65a+0.19

( ) 12.45a+0.32
0.502a+0.002

12.04b+0.27
0.497b+0.005

11.81bc+0.84
0.492b+0.002

11.36cd+0.49
0.483c+0.003

11.14d+0.91
0.480c+0.002

ns

ns

ns

ns

7.33+1.63
7.33+1.17
6.68+1.25
7.33+1.21

7.67+0.82
7.17+0.41
7.00+1.05
7.17+1.47

7.30+1.03
7.33+1.03
7.33+1.37
6.50+0.84

7.33+0.52
6.87+1.72
6.35+1.76
6.67+1.86

6.67+1.75
7.00+0.89
6.33+1.76
6.50+1.67

: 1/ Duncan’s New Multiple Range 

Test

(p < 0.05) 
   ns (p > 0.05) 
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(p > 0.05) ( 4.3)
(6.67-7.67)

(6.87-7.33)
(6.33-7.33) (6.50-

7.33)  (2547)
 Hedonic scale (9-point)

7.08  (2547)

L* ( )

60 4
15

4.1.2.3 70
10

(PP) 70
2 15

15 4 3
30 L* ( )

( 4.4) a * ( )
b* ( )

 (p < 0.05)
 ( )

10.78-12.58 0.435-0.501
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 (2548) 7
 ( ) 5.46 0.26

(p > 0.05) ( 4.4)
(6.30-7.00)

(6.44-7.22)
(5.78-6.67)

(6.22-7.00)  (2548)
 Hedonic scale (9-point)

7.01

L* ( )

70 2 30
15
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 4.4
70

70 1/

2
30

2
45

3 3
15

3
30

15

 L *
a *
b *

 ( )

49.56a +0.29
16.31d+0.13
28.74a +0.30
1.08e+0.19

48.10b +0.54
16.77c+0.29
27.68ab+0.29
1.43d+0.18

46.79c+0.40
17.85b+0.20
26.74b+0.61
1.74c+0.17

44.30d+0.90
18.45a+0.22
25.50c+1.04
2.07b+0.12

43.51d+0.29
18.73a+0.05
23.81d+0.51
3.03a+0.16

 ( ) 12.58a+0.15
0.501a+0.002

12.12b+0.05
0.490b+0.004

11.72c+0.10
0.475c+0.004

11.48d+0.05
0.464d+0.004

10.78e+0.15
0.435e+0.002

ns

ns

ns

ns

7.00+0.71
7.22+0.67
6.67+1.12
7.00+0.93

6.67+0.50
7.00+0.71
6.22+0.83
7.00+1.00

6.40+0.53
6.56+0.88
6.00+1.00
6.78+0.97

6.33+0.50
6.66+0.50
5.78+0.97
6.44+0.88

6.30+0.60
6.44+0.53
5.78+1.09
6.22+0.83

: 1/ Duncan’s New Multiple Range 

Test

(p < 0.05) 
ns (p > 0.05) 
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4.1.2.4
10

(PP) 50
60 70 5 4 2 30

15
(p > 0.05) ( 4.5)

70 2 30 15

4.5

50
5

60
4

70
2 30

L * ns

a * ns

b * ns

 ( ) ns

49.16+0.68
14.67+0.29
28.70+0.50
1.12+0.12

49.27+0.30
15.56+0.82
26.78+1.27
1.18+0.19

49.53+0.33
15.98+0.45
27.96+0.94
1.09+0.23

 ( ) ns

ns

12.41+0.10
0.504+0.001

12.42+0.16
0.505+0.003

12.59+0.10
0.507+0.003

ns

ns

ns

ns

ns

7.20+0.67
7.00+0.70
6.57+0.53
6.78+0.68
7.20+0.67

7.12+0.78
7.00+0.75
7.00+0.50
6.70+0.44
7.14+0.78

7.10+0.61
7.15+0.66
6.89+0.78
6.55+0.73
7.20+0.83

: ns (p > 0.05)
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4.3
10

4 5 10 15
(PP) 70

2 30 15
L* ( ) ( 4.6) a * ( )

b* ( )  (2549) Gujal and 

Khanna (2002)

(2547)  Gujal and Khanna (2002)

 (soluble solid)

(bound water)

 ( ) 7.96-15.29
0.417-0.527 9.20-15.12

(p < 0.05) ( 4.6)
(3.53-6.89) (5.00-7.00)

(3.44-6.80)
(3.78-6.90)

 (3.56-7.22)
 (3.00-7.44)
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4.6

( ) 1/

5 10 15

L*
a*
b*

 ( )

48.59d+1.46
15.60a+2.68
29.74 c+3.56
4.83a+1.10

51.86c+1.52
11.94b+0.55
34.74b+0.85
1.00b+0.13

57.33b+0.81
10.14bc+0.58
37.61ab+0.95
0.72b+0.22

60.95a+0.60
8.14c+0.33
38.80a+1.21
0.05b+0.01

 ( )

( )

7.96d+0.23
0.417d+0.003
15.12a+0.20

12.62c+0.21
0.507c+0.004
13.09b+0.18

14.09b+0.34
0.516b+0.003
11.06c+0.22

15.29a+0.20
0.527a+0.002
9.20d+0.14

3.53b+1.01
5.00b+1.32
3.44c+1.01
3.78c+1.09
3.56c+1.01
3.00c+1.12

6.89a+0.74
7.00a+1.00
6.80a+1.05
6.90a+1.27
7.22a+1.39
7.44a+1.13

6.56ab+0.88
6.44a+1.01
6.00ab+1.02
5.89ab+1.26
6.11a+1.16
6.00b+1.11

5.68b+0.86
6.22a+1.20
5.10b+1.05
5.11b+1.05
4.55b+1.13
3.78c+1.09

: 1/ Duncan’s New Multiple Range 

Test

(p < 0.05) 
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5

5

17 16 ( , 2545) 7.84 ( , 2547) 
6 ( , 2548) 16

( , 2549) ( , 2545) 
 ( , 2547)

4.4
10

5
2 4 6 3 6 9

5 10 15 (PP)
70 2 30

15
L* ( ) ( 4.7) a * ( )
b* ( )

(thickening)

 ( ) 11.76-14.53
0.487-0.527
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(p < 0.05) ( 4.7)

(4.00-7.29)
(4.00-6.67)

 (5.50-7.60)

2

10
10

 7.5 ( , 2545)  5 
( , 2545) 2.18 ( , 2547) 

 ( , 2547) 
1 ( , 2548) 1 ( , 2549)
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4.7

 ( 
)1/

 2
 4

 6
 3 

6
9

5
10

15

L
*

a* b*
 (

)

47.
93c +1

.76
 

9.6
6ab

+0
.51

 
21.

33cd
+0

.63
 

1.9
3a +0

.15

45.
47d +0

.85
 

10.
39a +0

.24
 

20.
79d +0

.49
 

0.8
2ef

+0
.13

48.
89c +1

.65
 

8.8
5cd

+0
.50

 
21.

40cd
+0

.64
 

1.6
4b +0

.21
 

50.
83b +0

.46
 

8.1
5de

+0
.06

 
22.

56ab
+0

.11
 

1.7
9ab

+0
.20

 

48.
30c +1

.11
 

9.4
5bc

+0
.78

 
21.

56d +0
.28

 
0.4

6g +0
.10

 

48.
94c +0

.33
 

9.3
1bc

+0
.57

 
21.

17d +0
.11

 
1.0

5d +0
.17

 

49.
30bc

+0
.69

 
9.1

7bc
+0

.29
 

21.
08d +0

.17
 

1.3
9c +0

.14
 

49.
85bc

+0
.90

 
9.2

3bc
+0

.10
 

22.
10bc

+0
.89

 
0.8

1f +0
.11

 

51.
04b +0

.70
 

8.6
7cd

+0
.48

 
22.

55ab
+0

.05
 

1.0
2de

+0
.11

 

54.
41a +0

.29
 

7.8
5e +0

.05
 

23.
01a +0

.22
 

1.9
0a +0

.15
 

 (
)

11.
96f +0

.16
 

0.4
87f +0

.00
4 

13.
56e +0

.20
 

0.5
16b +0

.00
4 

14.
30b +0

.17
 

0.5
23a +0

.00
3 

14.
53a +0

.10
 

0.5
27a +0

.00
3 

13.
46c +0

.10
 

0.5
27a +0

.00
3 

12.
73d +0

.14
 

0.5
16b +0

.00
2 

12.
23e +0

.10
 

0.4
94e +0

.00
5 

12.
65d +0

.15
 

0.5
07c +0

.00
2 

12.
49d +0

.14
 

0.5
01d +0

.00
4 

11.
76f +0

.13
 

0.4
87f +0

.00
2 

ns

ns

ns  n
s

6.2
6+

2.0
7 

5.9
9+

3.1
6 

5.5
0ab

c +1
.83

 
5.5

0ab
c +3

.07
 

6.0
3+

1.9
0 

5.5
0+

2.1
7 

5.6
2c +1

.75
 

6.3
4+

2.1
4 

5.6
3+

2.3
4 

5.8
3ab

c +2
.40

 
5.5

0ab
c +1

.87
 

6.5
2+

1.0
5 

5.6
7+

2.2
5 

6.6
5ab

c +1
.51

 

7.3
5+

2.7
9 

5.3
9+

1.6
3 

4.3
3c +1

.03
 

4.0
0c +1

.41
 

6.3
6+

1.0
3 

5.8
3+

1.1
7 

5.5
0c +1

.05
 

4.8
3+

1.6
7 

4.0
5+

2.7
1 

4.0
0c +1

.67
 

4.5
0bc

+1
.64

 
6.1

6+
1.4

7 
6.0

0+
1.6

7 
5.6

5c +1
.37

 

6.0
2+

2.1
0 

6.1
9+

2.6
4 

4.8
3ab

c +1
.94

 
5.3

3ab
c +1

.63
 

5.9
9.+

1.1
0 

6.5
0+

1.0
5 

6.8
5ab

c +1
.17

 

6.9
9+

0.9
8 

5.4
6+

2.2
5 

5.0
0bc

+0
.89

 
6.1

7ab
+1

.75
 

5.6
8+

1.6
3 

4.8
3+

2.1
4 

6.1
8ab

c +0
.75

 

6.6
2+

0.9
8 

4.9
7+

2.8
3 

5.5
0ab

c +1
.05

 
5.0

0ab
c +1

.90
 

6.3
0+

1.7
5 

6.8
3+

0.7
5 

6.0
1bc

+1
.10

 

6.4
4+

1.5
1 

6.3
7+

2.4
0 

7.0
0ab

+0
.89

 
6.6

3a +1
.33

 
6.3

5+
1.7

5 
7.3

3+
0.8

2 
7.3

3ab
+0

.82
 

6.7
3+

1.7
2 

5.2
0+

2.5
9 

7.2
9a +1

.55
 

6.6
7a +1

.03
 

6.4
5+

1.2
2 

6.5
0+

1.3
7 

7.6
0a +1

.87
 

6.2
0+

3.2
9 

6.6
2+

1.8
5.8

3ab
c +1

.94
 

5.8
3ab

c +1
.33

 
5.7

0+
1.5

1 
6.5

0+
1.5

2 
6.6

7ab
c +1

.21
 

: 1
/

D
un

ca
n’

s 
N

ew
 

M
ul

tip
le

 
R

an
ge

 
T

es
t

(p 
< 0

.05
) 

ns
(p 

> 0
.05

) 
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4.5
2

(p < 0.05) ( .1)
 ( 4.8)

4.8 2

1/

 ( )

 ( )
 ( )

 ( )

56.40b+3.75

4.18b+0.14
5.75b+0.39
72.63b+0.12

80.93a+3.31

4.82a+0.15
8.77a+0.30
79.10a+0.22

: 1/ t-test

(p < 0.05) 

2
L*  ( 4.9) a* ( )

b* ( ) 2
 ( ) 84.35-86.17 ( 4.9)

11.14-13.78  ( malic acid)
0.10-0.12 - 4.81-4.84

-
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 (°Brix) 20.17-20.67
(p > 0.05)

4.9 2

1/

L*
a*
b*

26.06a+0.22
5.62b+0.32
7.65a+0.47

22.33b+0.61
7.87a+0.36
5.21b+0.65

 ( )
 (°Brix) ns

( )
 ( malic acid)

- (pH)

84.35b+0.60
20.17+0.30
11.14b+0.50
0.12a+0.01
4.84a+0.02

86.17a+0.53
20.67+0.30
13.78a+0.39
0.10b+0.01
4.81b+0.01

: 1/ t-test

(p < 0.05) 
ns (p > 0.05) 

2  L*
(p > 0.05) ( 4.10) a* ( )

b* ( )
2 (p > 0.05) 

 ( ) 12.53-
12.78 0.502-0.508 2

(p > 0.05)
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4.10 2

1/

L* ns

a*
b*

 ( ) ns

48.84+0.29
15.20+0.23b

28.78+1.30a

1.02+0.23

46.65+0.87
15.94+0.54a

27.75+1.81b

1.95+0.25

 ( ) ns

ns

12.53+0.12
0.502+0.001

12.78+0.10
0.508+0.003

ns

ns

ns

 ns

 ns

 ns

ns

6.73+1.67
6.28+1.95
6.20+1.74
6.60+1.67
6.87+1.12
7.40+1.06
7.60+1.18

7.27+1.23
6.60+1.72
6.27+1.35
6.37+1.90
6.10+1.55
6.73+1.49
7.10+1.33

: 1/ t-test

(p < 0.05) 
ns (p > 0.05) 
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(p > 0.05) ( 4.10)
(6.73-7.27)

(6.28-6.60) (6.20-6.27)
(6.37-6.60) (6.10-6.87)

(6.73-7.40)
(7.10-7.60) 2

( .3)

 ( ) 80
10 5 5

3 (PP)
70 2 30 15

 ( ) 8.00 1.90
0.95 1.75

 3.78 16.38


