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 4 

4.1

 2 

 DE 11 

 (

4.1)  (%) aw  (°Brix)  (L*)  a* 

 b*  18.03±0.06%, 0.569±0.00, 82±0.58°Brix 

62.39±0.66, -2.07±0.07  20.03±0.56 

 10.17±0.69%, 0.541±0.01, 90.33±1.53°Brix, 67.68±1.54, -3.00±0.27, 25.89±2.48 

 4.1

(%wet

basis)

Water

activity

(aw)
(ºBrix) L* a* b* 

 18.03±0.06 0.569±0.00 82±0.58 62.39±0.66 -2.07±0.07 20.03±0.56 

 10.17±0.69 0.541±0.01 90.33±1.53 67.68±1.54 -3.00±0.27 25.89±2.48 

4.2

 30, 40  50% 

 30% 
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 ( , 2551) 

 50% 

(Bhandari et al.,1997)  -20ºC  24  (Miao 

and Roos, 2006) -43ºC

 <133x10-3 mbar  72 

 4.1  4.13 

4.2.1

 30, 40  50% 

4.2.1.1

 (P 0.05)  4.1 

 4.85±0.22  5.65±0.04% 

 2.41±0.10  3.06±0.23% 

 ( , 2546) 

(P 0.05)  40  50% 

 2.60±0.10  2.41±0.10% 

(P>0.05)  50% 

 4.85±0.22% 

 30  40% 

 (P 0.01) (  Pearson’s correlation -1  -0.862, -0.876)
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 4.1  (

 (P 0.05))

 (Rahman, 1995) 

 (low hygroscopicity) (Madene et al, 2005) 

 (anticaking)  (Madene et al, 2005) 

 (P 0.01)

4.2.1.2 Water activity (aw)

 aw  aw

 (P 0.05)  4.2  aw

 (P 0.05) (  4.1) 

aa
b

c
de
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 0.218±0.01  0.223±0.01 

 aw  0.254±0.02  0.268±0.01 

 4.2 aw (

 (P 0.05))

 aw  (P>0.05)

 aw  (P>0.05)

(  Pearson’s correlation -1  -0.245  -0.419) 

 30, 40  50%   aw  (P>0.05) ( ,

2551)  aw  2  0.5 

 (Fennema, 2008)

4.2.2

4.2.2.1  (L*) 

 (L*)  (P 0.05)

 (P>0.05)  4.3 

aaa
bbcc
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 30, 40  50% 

 50% 

 (P>0.05)  86.17±0.65 86.17±0.65

 40  30% 

 (P 0.05)

 (P 0.01)

 (P>0.05)

 (P 0.05)

 4.3  (L*)  (

 (P 0.05))

4.2.2.2  a* 

 a*  (-a*)  (+a*) 

 4.4  a* 

 (P 0.05)

 (-)3.27±0.05  (-)3.03±0.10 

c

b

a aaa
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 a*  (-)2.73±0.16  (-)2.61±0.24  a* 

(P>0.05)  a* 

 a* 

 4.4  a*  (

 (P 0.05))

4.2.2.3  b* 

 b*  (-b*)  (+b) 

 b* 

 (P 0.05)  4.5 

 b*  12.14±0.98  12.64±0.87 

 b*  15.06±0.44  19.94±0.55 

 30%  b* 

 b* 

(P 0.01)  b*  (P>0.05)  b* 

ab b
c

a
cc
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 4.5  b*  (

 (P 0.05))

4.2.2.4  ( )

 (P 0.05)  4.6 

 37.00±1.79  38.33±1.21 

 (P>0.05)

 50  40% 

(P 0.05)  46.67±2.42  47.00±1.26 

 30% 

 (P 0.05)  56.83±3.31 

c
b

a
b

aa
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 4.6  (

 (P 0.05))

Carr (1965, 1970) and Raymus (1985) 

 30 

 37.00-37.83 

 46.67±2.42 

56.83±3.31 

 (Geldart et al., 2006) 

(Fellows, 2000) 

 (P 0.01) (  Pearson’s correlation -1

 -0.793) 

c

b

a

b

aa
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(anticaking)  (low hygroscopicity) (Madene et al, 2005) 

 100  (Zou and Brusewitz, 2002) 

 4.1 

 (P>0.05) (  Pearson’s correlation -1  -

0.184)

4.2.2.5

(instant powder)  (wettability) 

 (sinkability)  (dispersibility) 

 (solubility)  (Masters, 1991) 

 (Rahman, 1995)  4.7 

 (P>0.05) 

 96.82±1.69  98.90±0.41% 

 98.07±1.37  98.69±1.81% 

 (2551) 

 30, 40  50% 

 (P>0.05) 

 95% 
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 4.7

 (Klinkesom et al., 2004) 

 (Fellows, 2000) 

 (Rahman and Perera, 1999) 

 4.2.2.6 

 4.8 

 (P>0.05) 

 0.396±0.02  0.469±0.02 g/ml 
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 0.375±0.02 

0.462±0.02 g/ml 

 40  50% 

 (P>0.05) 

 30% 

 4.8  (

 (P 0.05))

 (P 0.05)

 (P 0.01) (  Pearson’s correlation -1  0.853 

 0.822 )

(Klinkesom et al., 2004) 

 (Sablani et al., 2008) 

b
a a aa

b
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4.2.2.7

 (P>0.05)  4.9 

 1.59±0.11  1.67±0.06 g/ml 

 1.56 g/ml (Tsami et al, 1998) 

 4.9

4.2.2.8  glass transition (Tg)

glass transition (Tg)

 DSC (Differential scanning calorimeter) 

 4.10 

glass transition (Tg)  Tg

 Tg

(P 0.05)  Tg
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 Tg  (P>0.05) 

56.48±0.06  56.57±0.18°C 

 Tg  (  4.1) 

 Tg  Tg

 -135°C  Tg  (Onwulata, 2005)

 4.10  glass transition  (

(P 0.05))

 Tg  55.71±0.35 

56.06±0.41°C  Tg

 (P 0.05) (  Pearson’s correlation -1  0.531) 

 40  50%  30% 

 (P 0.05)  Tg  Tg

(Bhandari and Howes, 1999)  Tg

 Tg  (Kurozawa et al., 2009) 

 Tg

 Tg  Tg

a a b
a

bc
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 Tg

 Tg

Tg  (P>0.05)     

(  Pearson’s correlation -1  0.417) 

4.2.2.9

 4.11 

 (P>0.05) 

 73.25±0.23  74.60±0.70°C 

 4.11

 (amorphous) 

 (crystalline) (Bhandari and Hartel, 2005) 

 DSC (Differential Scanning Calorimetry) 

 Tg  4.12  4.13 
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4.12  glass transition 

4.13

 (Zomora and Chirife, 2006) 

 (Escobedo et al., 2006)  (2550) 

 95% 
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 50°C  24 

 DSC (Differential Scanning Calorimetry) 

2  82.95°C 

 77.19°C  2 

 193.48°C 

 219-220°C (Dutton, 1996) 

 4.11 

 73.25-74.60°C 

 (Conforti et al., 2006) 

4.3

 30, 40  50% 

 3  35, 40  45ºC 

 72 

 4.14  4.27

4.3.1

 35ºC 

 72 

 4.14 

 (Bhandari and 

Howes, 1999) 

 dielectric constant 



61

 Tg  (-135°C)  plasticizer 

 macromolecular  (Tolstoguzov, 2000)  Tg

 35°C 

 glass transition 

 35  40°C  4.15  4.16 

 4.14  35°C 

 4.15  40°C 

 4.16  45°C 

30%MD 50%MD40%MD

30%MD 50%MD40%MD

30%MD 50%MD40%MD
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4.3.1.1

 (P 0.05)  35ºC 

 8.29±0.15  8.57±0.08%  40ºC 

 4.72±0.11  5.79±0.08%  45ºC 

 4.40±0.13  5.43±0.19% 

45°C  50%  4.40±0.13% 

 35°C 

mositure content = 103.13-4.6717*x+0.1577*y+0.057*x*x-0.0

 > 8 

 < 8 

 < 7.5

 < 7 

 < 6.5

 < 6 

 < 5.5

 < 5 

 < 4.5

 4.17

 4.17 
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 (P 0.05)

(P 0.01)  ( Pearson’s correlation -2  -0.338  -0.896) 

 (Adhikari et al., 2003)  (low 

hygroscopicity) (Madene et al., 2005) 

4.3.1.2 Water activity (aw)

 aw

 aw  (P 0.05)

 35ºC  aw  0.444±0.01  0.474±0.00 

 40ºC  aw  0.239±0.02  0.316±0.01 

 45ºC  aw  0.210±0.00  0.250±0.01 

 45°C  50%  aw

 aw  (

, 2544) 

 4.18  aw

 (P 0.01) (  Pearson’s correlation 

-2  -0.626  -0.626 )  aw

 3  aw  0.5 

 (Fennema, 2008) 



64

water activity = 4.676-0.1939*x+0.0026*y+0.0021*x*x-2.1429E-6

 > 0.45

 < 0.45

 < 0.4 

 < 0.35

 < 0.3 

 < 0.25

 < 0.2 

 4.18  aw

4.3.2

   

 4.3.2.1  (L*) 

 (L*) 

 35°C 

 58.43±0.94  64.04±0.64  40°C 

 80.08±0.68  86.26±0.78  45°C 

 79.05±0.93  86.73±0.34 

 35°C 

 40  45°C  (P 0.05)

 35°C 

 40  45°C  50% 
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L = -500.0686+25.6913*x+0.2397*y-0.2875*x*x+0.005

 > 90 

 < 90 

 < 85 

 < 80 

 < 75 

 < 70 

 < 65 

 < 60 

 4.19

 4.19 

 (P>0.05) 

 (P 0.01)

(  Pearson’s correlation -2  0.948) 

4.3.2.2  a* 

 a*  (-a*)  (+a) 

 a*  35°C  (-)2.90±0.41 

(-)1.82±0.49  40°C  (-)3.63±0.15 

(-)3.11±0.22  45°C  (-)3.24±0.17 

(-)3.11±0.35
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a = 28.0873-1.2808*x-0.1576*y+0.0134*x*x+0.0021*

 > -2.2

 < -2.2

 < -2.4

 < -2.6

 < -2.8

 < -3 

 < -3.2

 < -3.4

 < -3.6

 4.20  a* 

 4.20  a* 

 a* 

 (P 0.05) (  Pearson’s correlation -2  0.415) 

 a* 

 (P>0.05)  a* 

4.3.2.3  b* 

 b*  (-b*)  (+b*) 

 b*  35°C  14.59±1.27 

 17.58±2.30  40°C  13.87±2.02 

15.20±0.85  45°C  13.50±1.88 

15.32±1.58
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b = 54.481-1.7965*x+0.1202*y+0.0186*x*x+0.0028

 > 17 

 < 17 

 < 16 

 < 15 

 < 14 

 4.21  b* 

 4.21  b* 

 b* 

 (P>0.05) 

 b*  (P 0.05) ( Pearson’s correlation
-2  -0.378) 

4.3.2.4  ( )

 (angle of repose) 

 (P 0.05)  4.22  40ºC 

 27.33±2.07  28.50±2.35  45ºC 

 25.17±1.94  26.50±1.64 
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 45ºC  50% 

 40  45°C  

 30 

 (Geldart et al., 2006) 

 Pearson’s correlation 

 (P 0.01) (  Pearson’s correlation -2

 -0.437) 

 (P>0.05) 

 (Barbosa-Canovas and Juliano, 2005) 

 4.22

 (

 (P 0.05))

ab aab
b ab ab
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4.3.2.5

(P>0.05)  4.23  40ºC 

 97.98±1.89  98.92±0.58%  45ºC 

 97.11±0.99  98.03±1.10%

 4.23

4.3.2.6

 4.24 

 40°C  0.577±0.02  0.664±0.00 g/ml 
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 45°C  0.596±0.02  0.681±0.02 g/ml 

 45°C  50% 

0.681±0.02 g/ml  4.40±0.13% 

 10  0.49  0.81 g/ml 

 (Shittu and 

Lawal, 2007)

 4.24

 (

 (P 0.05))

 Pearson’s correlation 

 (P>0.05) 

 (P 0.01) (  Pearson’s correlation -2  0.886) 

 (Sablani et al., 2008) 

d
a

c
d

b ab
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4.3.2.7

(P>0.05)  4.25  40ºC 

1.70±0.10  1.75±0.08 g/ml  45ºC 

 1.71±0.08  1.77±0.10 g/ml

 4.25

4.3.2.8  glass transition (Tg)

 4.26  Tg

 Tg

 40°C  51.04±2.57  52.90±0.28°C 

 45°C  53.97±0.39  55.17±0.27°C  Tg

 45°C  50%  Tg

 55.17±0.27°C 

 45°C  40%  54.90±0.25°C (P>0.05) 
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 4.26  glass transition 

 (

 (P 0.05))

 Pearson’s correlation  Tg

 (P 0.01) (  Pearson’s correlation -2  0.805) 

 (P 0.01)  Tg  Tg

 (-135°C )  Tg

(Onwulata, 2005)  Tg

 Tg  Tg  (Kurozawa et al.,
2009)  Tg

 (P>0.05)

4.3.2.9

40  45°C  (P 0.05)  4.27 

 40°C  74.54±1.34  75.38±1.36°C 

 45°C  78.00±0.26  78.93±0.27°C 

ab
aa

b
b

ab
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 (P>0.05) 

 4.27

 (

 (P 0.05))

 Pearson’s correlation 

Tm  (P 0.01) (  Pearson’s correlation -2

0.915)  45°C 

 40°C  (P 0.05)

 45°C  40°C 

 77.19°C ( ,

2550)

 45°C 

 50%  aw

a

a
a

b
b

b
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 Tg

4.4

 30, 40  50% 

 3  60, 70  80ºC 

 72  Sahu (2008) 

 70±2°C 

 4.28  4.39 

 60ºC 

 72 

 35°C 

 60°C 

glass transition 

 80°C  4.29 

 4.28  60°C 

30%MD 40%MD 50%MD
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 4.29  80°C 

4.4.1

4.4.1.1

 60ºC  2.54±0.04  2.63±0.03% 

 70ºC  1.41±0.10  1.72±0.09% 

 80ºC  0.59±0.04  0.65±0.14% 

 80°C 

 (P>0.05)

30%MD 40%MD 50%MD



76

moisture content = 13.0744-0.1923*x-0.0643*y+0.0006*x*x+0.00

 > 2.6

 < 2.6

 < 2.2

 < 1.8

 < 1.4

 < 1 

 < 0.6

 4.30

 4.30 

 (P 0.01) (  Pearson’s correlation -3

 -0.963) 

 (P>0.05) (  Pearson’s correlation -3

 -0.148)

4.4.1.2 Water activity (aw)

 60ºC aw  0.335±0.01  0.365±0.01 

 70ºC aw  0.225±0.01  0.232±0.01 
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 80 ºC aw  0.172±0.01  0.179±0.01 

 80°C  aw

 (P>0.05) 

 4.31 

 aw

 (P 0.01) (  Pearson’s correlation -3  -0.961) 

 (P>0.05)  aw

3  aw  0.5 

 (Fennema, 2008)

water activity = 2.6709-0.0561*x-0.0086*y+0.0003*x*x+6.25E-5*

 > 0.34

 < 0.34

 < 0.32

 < 0.3 

 < 0.28

 < 0.26

 < 0.24

 < 0.22

 < 0.2 

 < 0.18

 4.31  aw

4.4.2

4.4.2.1  (L*) 

 60ºC  52.28±1.25  64.92±0.56 
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 70ºC  81.71±0.82  85.66±0.30 

 80 ºC  80.93±0.43  87.96±0.70 

 70  80°C 

 60°C  (P 0.05)

 60°C 

 80°C  50% 

L = -537.3056+17.1325*x-1.4733*y-0.1138*x*x+0.001

 > 90 

 < 90 

 < 85 

 < 80 

 < 75 

 < 70 

 < 65 

 < 60 

 4.32

 4.32 

 (P>0.05) 

 (P 0.01) (  Pearson’s correlation -3  0.918) 
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 4.4.2.2  a* 

 a*  (-a*)  (+a*) 

 a*  60°C  (-)2.08±0.40 

(-)1.43±0.22  70°C  (-)3.61±0.18 (-)2.81±0.06

 80°C  (-)1.69±0.32  (-)0.52±0.38 

a = 76.0922-2.4545*x+0.3087*y+0.0181*x*x-0.0013

 > -1 

 < -1 

 < -1.5

 < -2 

 < -2.5

 < -3 

 4.33  a* 

 4.33  a* 

 a* 

 (P 0.01) (  Pearson’s correlation -3  0.887) 

 (nonenzymatic browning reaction) (Vaikousi et
al., 2009)  a*  (P>0.05) 

 a* 
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4.4.2.3  b* 

 b*  (-b*)  (+b*) 

 b*  60°C  16.10±2.47 

 18.73±2.63  70°C  20.67±0.99 

24.04±1.52  80°C  23.48±0.81 

31.54±1.10

b = -13.7267+0.6338*x-0.0369*y+0.0031*x*x-0.0136*

 > 30 

 < 30 

 < 28 

 < 26 

 < 24 

 < 22 

 < 20 

 < 18 

 4.34  b* 

 4.34  b* 

 b* 

 (P 0.01) (  Pearson’s correlation -3  0.702) 

 b* 

(P 0.01) (  Pearson’s correlation -3  -0.562) 
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4.4.2.4  ( )

 (angle of repose) 

 70ºC  30.17±0.75  32.50±1.64 

 80ºC  27.33±0.82  30.17±1.33 

 80ºC  50% 

 (  4.35) 

 70°C 

 50%  80°C 

 30, 40  50%  30 

 70°C  30 

40%  30 

 (Geldart et al., 2006) 

 4.35

 (

 (P 0.05))

c

a

c
b b b



82

 Pearson’s correlation 

 (P 0.01) (  Pearson’s correlation -32

 -0.594) 

 (Barbosa-Canovas et al., 2005) 

 (low hygroscopicity) (Madene et al., 2005) 

 (P 0.01) (  Pearson’s correlation 

-3  -0.452) 

4.4.2.5

 70ºC 

 97.25±0.96  98.08±0.82%  80ºC 

 99.01±0.65  99.60±0.18% 

 (  4.36)

 (Klinkesorn et al., 2004) 

 Pearson’s correlation 

 (P 0.01) (  Pearson’s correlation -3  0.711) 

 (P>0.05) 
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 4.36

 (

 (P 0.05))

4.4.2.6

 70ºC 

 0.735±0.00  0.771±0.02 g/ml  80ºC 

 0.733±0.01  0.765±0.03 g/ml 

 70  80°C  50% 

 (P 0.05) 0.771±0.02  0.765±0.03 g/ml  (  4.37) 

a aa

b
b b
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 4.37

 (

 (P 0.05))

 Pearson’s correlation 

 (P>0.05) 

(P 0.01) (  Pearson’s correlation -3  0.704) 

 (Sablani et al., 2008) 

4.4.2.7

(P>0.05) (  4.38)  70ºC 

 1.80±0.05  1.82±0.03 g/ml  80ºC 

 1.79±0.05  1.81±0.03 g/ml

c

aa

bc bcb
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 4.38

4.4.2.8  glass transition (Tg)

 Tg

 4.39 Tg  70°C 

 53.29±0.32  54.94±0.06°C  80°C 

 55.49±0.18  56.35±0.13 °C  Tg

 80°C  50%  Tg  Pearson’s 

correlation  Tg

 (P 0.01) (  Pearson’s correlation -3  0.850) 

 Tg

Tg  Tg  (Kurozawa et al., 2009) 

 Tg

(P>0.05)
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 4.39  glass transition 

 (

 (P 0.05))

4.5

 4 

1.

50%  45°C

2.

50%

3.

50%  80°C

4.

40%

c

aa

e

c
b
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 4.2 

 (P 0.05)

 4.40% aw  0.210 

 25.17  0.681 g/ml 

 1.71 g/ml  78.00°C 

 (P>0.05)  Tg

 Tg

 4.3 

 (P 0.05)

 0.62% aw  0.174 

 27.33  99.60% 

 0.7652 g/ml  1.81 g/ml 

 4.2  4.3 

 aw

 Tg

 (Fellows, 2000) 

 (Koc et al., 2008) 

 (Geldart et al., 2006) 

 (Tsami et al., 1998) 
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 4.4 

 45°C 

 45°C 

 80°C 

 (P 0.05)  0.62% aw  0.174 

 0.7652 g/ml  Tg  56.35°C 

 (P>0.05) 

 (amorphous)  (crystalline) 

(Bhandari and Hartel, 2005) 

 DSC  Tg

 Tg

 (amorphous) 

 4.5 

 (P 0.05)

( , 2546) 

 2.60% aw  0.221  Tg

 56.50°C 

 (P>0.05)  4.4  4.5 
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 80°C 

50%

4.6  Sorption Isotherm

 sorption isotherm  gravimetric method  sorption 

isotherm  4 

1.

45°C  50% (vo-cry) 

2.

 50% (FDC) 

3.

80°C  50% (vo-liq) 

4.

 40% (FDL) 

 aw  0.0-0.7 

 (Bell and Labuza, 2000) 

(% dry basis)  aw  sorption isotherm  4.40 
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 4.40  sorption isotherm 

 (vo-cry 

 45°C  50%, FDC 

 50%, vo-liq

 80°C 

50%, FDL 

 40%) 

 Sorption isotherm 

 (Stencl, 2004) 

 ( , 2546) 

(amorphous glass)  (amorphous rubber)  aw

 aw  0.4 
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 sorption isotherm  (Bell and Labuza, 

2000)  sorption isotherm 

 4.40  sorption isotherm 

 sorption isotherm 

 aw

 0.0-0.3  aw  aw  0.4-

0.7

 aw  sorption 

isotherm

 aw  0.0-0.5 

 aw  aw  0.6-0.7 

 aw  4 

 aw  0.5  Ahmed et al. (2005)  sorption 

isotherm

 (P 0.05)  aw  0.55 

 4  aw

 (interaction) 

 (Bell and Labuza, 2000) 

 (hygroscopicity) 

 capillary adsorption  hygroscopicity 
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 ( , 2549)  (amorphous glass) 

 (amorphous rubber) 

 (Bell and Labuza, 2000)  Yan et al. (2007) 

sorption isotherm  aw

 sorption isotherm  sorption isotherm  (

4.37)  sorption isotherm 

 3  flory-Huggins isotherm 

 (Rahman, 1995)


