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 1.    

 

4.1  

 

   

         

       4.1 
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 4.1  

 

 

 98 -  
 

(mg/kg) 

  

(Arsenic ;As)  
2.00 

 
0.07 

 

  

(Lead ;Pb)  
1.00 

 
0.14 

 

  

(Copper ;Cu)  
20.00 

 
26.65 

 

  

(Zinc ;Zn)  
100.00 

 
13.04 

 

  

(Iron ;Fe)  
N/A 

 
43.66 

 

  

(Tin ;Sn)  
250.00 

 
6.77 

 

(Cadmiun ;Cd)  
N/A 

 
0.04 

 

  

(Mercury ;Hg)  
0.02 

 
< 0.012 

 

N/A; Not available. 

 

  4.2  HPLC  

4.3   

     

(P < 0.05)   
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 50%       

 ethanol:water:HCl  70:29:1 v/v/v 

 50%   

  50%    

  

  

   50%  

 

 

 4.2  

1 TPC2 TN3 TA4 
Yield of extract 

(%) 

FSA 10.30 ± 0.56b 4.49 ± 0.04c,d 1.15 ± 0.01a-c 11.28 ± 0.17 e 

FSB 8.50 ± 0.23b 3.67 ± 0.07d 0.94 ± 0.00c 10.54 ± 0.11 f 

DSA 63.68 ± 14.47a 4.49 ± 0.53c 1.48 ± 0.53a 24.13 ± 0.16 a 

DSB 81.78 ± 29.88a 5.22 ± 0.52b 1.40 ± 0.27a,b 22.91 ± 0.15 b 

FCA 78.74 ± 4.38a 7.04 ± 0.46a 1.17 ± 0.12a-c 19.21 ± 0.15 c 

FCB 75.89 ± 8.89a 6.57 ± 0.55a 1.04 ± 0.11b,c 17.19 ± 0.21d 

         

 (P < 0.05) Duncan's new Multiple Range Test (DMRT),  

1) FSA =  ethanol:water:HCl = 70:29:1 v/v/v, FSB =  50% ethanol,  

DSA =  ethanol:water:HCl = 70:29:1 v/v/v,  

DSB =  50% ethanol , FCA =  ethanol:water:HCl = 70:29:1 

v/v/v, FCB =  50% ethanol,  

2) Total phenolic content ; mg GAE / g dry sample,  

3) Total tannin ; mg Tannic acid / g dry sample,  

4) Total anthocyanins ; mg  / g dry sample. 
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 HPLC   (catechin) 

  50%    

(epicatechin)  

 (resveratrol)  

50%    50%  

 (quercetin)   

 50%   

 ethanol:water:HCl = 70:29:1 v/v/v 

   50%  

 

 

 ( )  (maceration) 

 1:3   60   180  

 50  90  

  

 

 4.3  HPLC 

 
Catechin Epicatechin Resveratrol Quercetin 

mg / g dry sample 

DSA 0.10 ± 0.01b 0.42 ± 0.14c 0.0034 ± 0.0001c 0.0029 ± 0.0009a 

DSB 7.36 ± 1.37a 1.26 ± 0.22a 0.0116 ± 0.0004a 0.0002 ± 0.0000b 

FCA 0.12 ± 0.02b 0.01 ± 0.01b 0.0002 ± 0.0000d 0.0001 ± 0.0000b 

FCB 8.64 ± 1.49a 1.28 ± 0.23a 0.0068 ± 0.0008b 0.0002 ± 0.0000b 

 (P < 0.05) Duncan's new Multiple Range Test (DMRT), 

1) DSA =  ethanol:water:HCl = 70:29:1 v/v/v,  

DSB =  50% ethanol , FCA =  ethanol:water:HCl = 70:29:1 v/v/v, 

FCB =  50% ethanol 
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4.2   

    

 

  (  3.1) 

 4.4   

 (2552)  50  

  Khanal et al. (2009) 

 24  (1134 )  4  

   

 

 4.4    

*  
TPC1 TN2 TA3 

Yield of extract 

(%) 

1 (1) 88.35 ± 1.91e 7.66 ± 0.04d 1.32 ± 0.08a,b 21.97 ± 1.15d,e 

2 a 104.70 ± 2.79b 8.56 ± 0.10c 1.26 ± 0.05b-d 24.13 ± 0.43b 

3 b 87.94 ± 4.38e 7.33 ± 0.44e 1.33 ± 0.06a,b 21.14 ± 0.10e,f 

4 ab 106.78 ± 7.10b 9.25 ± 0.13b 1.08 ± 0.05e 23.71 ± 0.24b 

5 - a 86.26 ± 3.23e 7.14 ± 0.30e 1.30 ± 0.05a-c 20.10 ± 0.05g 

6 + a 117.75 ± 5.77a 9.66 ± 0.41a 1.24 ± 0.01c,d 27.64 ± 0.59a 

7 - b 94.76 ± 1.63d 7.74 ± 0.03d 1.37 ± 0.08a 20.93 ± 0.14f 

8 + b 103.38 ± 4.17b 8.62 ± 0.18c 1.20 ± 0.01d 22.85 ± 0.20c 

9 Cp1 98.40 ± 3.61c,d 7.69 ± 0.33d 1.22 ± 0.04d 21.71 ± 0.24d-f 

10 Cp2 101.96 ± 2.16b,c 8.80 ± 0.24c 1.33 ± 0.03a 22.20 ± 0.45c,d 

 (P < 0.05) Duncan's new Multiple Range Test (DMRT),  

*  3.1, 

1) Total phenolic content ; mg GAE / g dry sample,  

2) Total tannin ; mg Tannic acid / g dry sample,  

3) Total anthocyanins ; mg  / g dry sample. 
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 HPLC    

  Cencibel, Cabernet sauvignon, Merlot  

Shiraz  Monteagre et al. (2006) 

 

 4.4 ( )  

*  

Catechin Epicatechin Resveratrol Quercetin 

mg / g dry sample 

1 (1) 10.34 ± 0.57d 1.65 ± 0.22d 0.0069 ± 0.0011a,b ND. 

2 a 12.86 ± 2.05b 2.13 ± 0.37b,c 0.0059 ± 0.0005a-c ND. 

3 b 10.21 ± 0.81d 1.60 ± 0.17d 0.0074 ± 0.0014a ND. 

4 ab 16.05 ± 1.24a 2.49 ± 0.23a 0.0033 ± 0.0003d ND. 

5 - a 10.51 ± 0.56c,d 1.78 ± 0.11d 0.0071 ± 0.0015a,b ND. 

6 + a 12.20 ± 0.87b,c 1.93 ± 0.17b-d 0.0020 ± 0.0001d ND. 

7 - b 9.89 ± 0.58d 1.71 ± 0.09d 0.0066 ± 0.0008a,b ND. 

8 + b 13.53 ± 0.92b 2.27 ± 0.14a,b 0.0054 ± 0.0006b,c ND. 

9 Cp1 9.47 ± 0.45d 1.61 ± 0.10d 0.0050 ± 0.0007c ND. 

10 Cp2 10.86 ± 0.81c,d 1.90 ± 0.12c,d 0.0060 ± 0.0007a-c ND. 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  

*  3.1,  

ND. = Not detected 

 

 4.1  

 (Kammerer, 

2004)  HPLC 

     

 HPLC  
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 4.1  HPLC  a) 280 nm, b) 320 nm,          

1: Catechin, 2: Epicatechin, 3: Resveratrol 

 

 Design-Expert   

Adjusted R-square  60%    

   

 (P < 0.05)  

    

 (P  0.05)  

   4.5 

 contour plot 

      -

     (P < 0.05) 

 4.2 
 

b) 320 nm 

a) 280 nm 
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 4.5  

  P-value Adj. R2 

 

(mg GAE/g dry sample) 

49.14 + 0.70X1 + 0.82X2 0.0001 0.90 

 

(mg Tannic acid/g dry sample) 

6.87 + 0.01X1 - 0.45X2 + 8.50 x10-3X1X2 0.0046 0.81 

 

 

(mg/g dry sample) 

1.10 + 4.43 x10-3X1 + 0.08X2 - 1.58x10-3X1X2 0.0260 0.65 

 

(mg/g dry sample) 

1.89x10-4 + 2.65x10-4X1 + 4.48 x10-4X2 - 

1.87x10-6X1
2 + 8.33 x10-5X2

2  - 2.50x10-5X1X2 

0.0121 0.88 

 

( ) 

13.79 + 0.14X1 0.0021 0.68 

 X1 =    

X2 =   
 

 4.5  4.2   

   

  

(Tzia and Liadakis, 2003)  

   

 Cork and Krockenerger (1991) 

 2  5   Hydrolytic degradation 

 (Lindroth and Pajutee, 1987) 

  

  (Morais et al., 2002) 

   

   

Vatai et al. (2009)  

 



64 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.2  contour plot 

 a)  , b)  , c) 

 , d)  , e)  

A: temp

B
: t

im
e

45.00 55.00 65.00 75.00 85.00

2.00

3.50

5.00

6.50

8.00

91.2293
95.1287

99.028102.927106.82722

TN

A: temp

B
: t

im
e

45.00 55.00 65.00 75.00 85.00

2.00

3.50

5.00

6.50

8.00

7.74358
8.09457 8.44556

8.79656

9.14755

22

TA

A: temp

B
: t

im
e

45.00 55.00 65.00 75.00 85.00

2.00

3.50

5.00

6.50

8.00

1.15039

1.18395

1.2175

1.25105

1.28461
22

RSV

A: temp

B
: t

im
e

45.00 55.00 65.00 75.00 85.00

2.00

3.50

5.00

6.50

8.00

0.00326552

0.00401849

0.00477145
0.00552441

0.00627737

22

y

A: temp

B
: t

im
e

45.00 55.00 65.00 75.00 85.00

2.00

3.50

5.00

6.50

8.00

21.355221.996622.63823.279423.920822

a) b) 

c) d) 

e) 
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 (  4.4-4.5  4.2)  Design-Expert 

 Adjusted R-square  60% 

 (P < 0.05)  (optimization) 

 

 (Response surface methodology)      

(P < 0.05)    

 4.3  

 ( ) 

 

 (optimization) 

    79.14 

  2  53  ( ) 

 

 



66 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.3  

 

 

 

 

 
  

    79.14  

 2  53    3  
  4.6 

    1.92   9.63             

Hu (1999)  
 10  

 

DESIGN-EXPERT Plot

Overlay Plot
Design Points

X = A: temp
Y = B: time

Overlay Plot

A: temp

B
: t

im
e

45.00 55.00 65.00 75.00 85.00

2.00

3.50

5.00

6.50

8.00

TPC: 106.00
TN: 8.50

TA: 1.30
Resv eratrol: 0.005

y ield: 24.23

22
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 4.6  

 

 
* 

 
** 

( ) 

 

(mg GAE/g dry sample) 

101.79 ± 1.33 106.96 5.07 

 

(mg Tannic acid/g dry sample) 

9.14 ± 0.53 8.58 6.08 

 

(mg/g dry sample) 

1.39 ± 0.17 1.31 5.69 

 

(mg/g dry sample) 

0.0049 ± 0.0003 0.0054 9.63 

 

(mg/g dry sample) 

12.13 ± 1.53 11.92 1.92 

 

( ) 

24.04 ± 3.19 24.56 2.17 

*  ±   3   

**   

  =    -   × 100 /  

 

 

4.3  

 

    

 1 

 4.7 
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 4.11 - 4.13  

 

 4.7  

/   

   

     TPC1 662.93 ± 0.28  

     TFC2 142.10 ± 2.93  

     TN3 51.86 ± 1.73  

     TA4 2.58 ± 0.01  

     EC50
5 0.62 ± 0.07  

     Catechin6 54.61 ± 21.01 

     Epicatechin6 10.76 ± 3.59  

     Resveratrol6 0.02 ± 0.02  

   

      ( ) 97.94 ± 0.92  

1) Total phenolic content ; mg GAE / g freeze dry powder DW,  

2) Total flavonoid content ; mg Q / g freeze dry powder DW,  

3) Total tannin ; mg Tannic acid / g freeze dry powder DW,  

4) Total anthocyanins ; mg  / g freeze dry powder DW,  

5) mg freeze dry powder DW / mL DPPH,  

6) mg  / g freeze dry powder DW. 

 

 Threshold  

    Threshold 

 0.66  Threshold  

0.58   4.8  4.9 
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 4.8 Threshold  

Trained 

panel 

 ( / ) Threshold 

( / ) 
Log(Threshold) 

0.0 0.5 1.0 2.0 3.0 4.0 

1 0 0 + ++   0.75 -0.125 

2 0 0 + + + ++ 0.75 -0.125 

3 0 0 0 + ++  1.50 0.176 

4 0 + + ++   0.25 -0.602 

5 0 + + ++   0.25 -0.602 

6 0 0 0 + ++  1.50 0.176 

7 0 0 + ++   0.75 -0.125 

8 0 0 0 + ++  1.50 0.176 

9 0 0 + ++   0.75 -0.125 

10 0 + + ++   0.25 -0.602 

 Average -0.178 

Best estimated thresholds (10(Average)) 0.66 
 

0 = , + = , ++ =  
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 4.9 Threshold  

Trained 

panel 

 ( / ) Threshold 

( / ) 
Log(Threshold) 

0.0 0.5 1.0 2.0 3.0 4.0 

1 0 0 0 + ++  1.50 0.176 

2 0 0 0 0 + ++ 2.50 0.398 

3 0 0 + + ++  0.75 -0.125 

4 0 0 + ++   0.75 -0.125 

5 0 + ++    0.25 -0.602 

6 0 + ++    0.25 -0.602 

7 0 0 + ++   0.75 -0.125 

8 0 0 + + ++  0.75 -0.125 

9 0 + + ++   0.25 -0.602 

10 0 + + ++   0.25 -0.602 

 Average -0.233 

Best estimated thresholds (10(Average)) 0.58 
 

0 = , + = , ++ =  

 

 (Threshold)  

   (Triangle) 

 10    A  (  4 ) 

 0.01 (Best Odour Co., Bangkok, TH)  B  0.66  

 3     

 (P < 0.05)  4.10 
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 4.10    (Triangle) 

 

Triangle test  1  2  3 

 ( ) 10 10 10 

 ( ) 7 8 10 

 ( ) 3 2 0 

 Chi-square  

 
4.51* 7.81* 17.11* 

 Chi-square  

 (df=1)  

 95 

3.84 

 

 

  Chi-square  Chi-square   df=1 

   0.66  

 

 warm-up -

  

 

 4.11   

13.20 – 41.59  -

 1   0.52 – 1.32 -

 1  

 6.41 – 16.56 -            

 1   0.12 – 0.80 
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 1   0.56 – 1.99 

 1   

0.10 – 0.31  1        

 0.00042 – 0.00096 -

 1  

 

 4.11  

 

*  
TPC1 TN2 TA3 TFC4 

1 (1) 27.76 ± 1.97b 16.56 ± 0.04a 0.21 ± 0.02e 1.23 ± 0.03b 

2 a 14.53 ± 1.64e 9.51 ± 0.04g 0.16 ± 0.01f 0.52 ± 0.01h 

3 b 22.60 ± 3.53c 11.99 ± 0.04d 0.26 ± 0.02c 0.95 ± 0.04c 

4 ab 13.55 ± 2.13e 8.94 ± 0.05h 0.13 ± 0.02g 0.53 ± 0.04h 

5 - a 41.59 ± 4.39a 13.38 ± 0.11b 0.33 ± 0.01b 1.32 ± 0.01a 

6 + a 13.20 ± 0.33e 7.18 ± 0.05i 0.12 ± 0.01g 0.54 ± 0.04h 

7 - b 23.03 ± 2.89c 9.69 ± 0.02f 0.80 ± 0.01a 0.83 ± 0.01d 

8 + b 20.36 ± 2.74c,d 6.41 ± 0.03j 0.32 ±0.02b 0.79 ±0.05e 

9 Cp1 18.32 ± 0.98d 11.71 ± 0.04e 0.18 ± 0.01e 0.68 ± 0.02f 

10 Cp2 17.91 ± 1.00d 13.02 ± 0.04c 0.17 ± 0.01e,f 0.64 ± 0.01g 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  

*  3.2,  

1) Total phenolic content ; mg GAE / g dry powder,  

2) Total tannin ; mg Tannic acid / g dry  powder,  

3) Total anthocyanins ; mg  / g dry  powder,  

4) Total flavonoid content ; mg Quercetin / g dry powder. 

 

 



73 
 

 4.11 ( )   

*  Catechin1 Epicatechin1 Resveratrol1 

1 (1) 1.99 ± 0.77a 0.31 ± 0.13a 0.00093 ± 0.00013a 

2 a 0.56 ± 0.12d 0.11 ± 0.02c 0.00064 ± 0.00002b,c 

3 b 0.88 ± 0.46c,d 0.16 ± 0.11b,c 0.00042 ± 0.00003e 

4 ab 0.56 ± 0.14d 0.10 ± 0.04c 0.00066 ± 0.00009b 

5 - a 1.43 ± 0.27b 0.26 ± 0.11a,b 0.00096 ± 0.00007a 

6 + a 0.61 ± 0.13d 0.11 ± 0.02c 0.00054 ± 0.00005c,d 

7 - b 1.23 ± 0.37b,c 0.23 ± 0.07a,b 0.00042 ± 0.00001e 

8 + b 0.64 ± 0.14d 0.12 ± 0.02c 0.00048 ± 0.00004d,e 

9 Cp1 0.63 ± 0.15d 0.10 ± 0.02c 0.00051 ± 0.00001d,e 

10 Cp2 0.64 ± 0.07d 0.10 ± 0.03c 0.00045 ± 0.00005d,e 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  

*  3.2,  

1) mg / g encapsulate powder DW. 

 

-

 (  4.12)  

 33.76 – 91.07  1.97 – 2.91  (aw) 

 0.15 – 0.31  97.47 – 98.38 
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 ±

 0
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98
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 5  (  pretest) 

 

 

 10   150  

 warm-up 

 0.66    1.9  3.0  

(   Hybrid descriptive analysis method 

 4.39)   10% 

   4.13 

 

 4.13  -   

 

*  1 1 

1 (1) 2.5 ± 0.8a 1.9 ± 0.6a,b 

2 a 0.8 ± 0.4e 0.8 ± 0.5e 

3 b 2.0 ± 0.5a,b 1.6 ± 0.7a-c 

4 ab 1.4 ± 0.6c,d 1.5 ± 0.6a-d 

5 - a 2.4 ± 0.7a 1.9 ± 0.7a,b 

6 + a 1.3 ± 0.5d,e 1.1 ± 0.7b-e 

7 - b 1.8 ± 0.5b,c 1.4 ± 0.6c-e 

8 + b 2.0 ± 0.4a,b 1.0 ± 0.6d,e 

9 Cp1 2.2 ± 0.3a,b 2.1 ± 0.5a 

10 Cp2 2.1 ± 0.6a,b 2.0 ± 0.6a 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  

*  3.2, 

1)  150  12.5  137.5  
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 Regression model  Design-Expert 

  Adjusted R-square  60%   

           

  (P < 0.05)  

  

   (aw)  

  -

-  

(P  0.05)  

-

   4.14 

 

 4.14  

  -

 

  P-value Adj. R2 

 

      ( ) 7.45 + 0.15X1 - 2.65 X2 0.0011 0.82 

      ( ) 99.86 - 0.17X1 - 1.40X2 + 3.75 x10-3X1
2+  

0.02 X2
2 + 0.06X1X2 

0.0195 0.84 

    

      

     (mg GAE/g dry sample) 

39.68 - 1.05X1 0.0012 0.72 

        

     (mg Q/g dry sample) 

1.46 - 0.13X1 - 0.77X2 - 2.16 x10-3X1
2+  

0.24 X2
2 + 0.02X1X2 

0.0016 0.96 

 X1 =   (%w/v)  

X2 =   (%w/v)  
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 4.14 ( )  

  P-value Adj. R2 

 

      

     (mg /g dry sample) 

4.17 - 0.23X1 - 2.70X2+ 3.58x10-3X1
2 +  

0.63X2
2 + 0.08X1 X2 

0.0028 0.94 

      

     (mg /g dry sample) 

0.70 - 0.04X1 - 0.45X2+ 7.26x10-3X1
2 +  

0.14X2
2 + 9.52 x10-3X1 X2 

0.0003 0.98 

    

     a 2.98 - 0.06X1 0.0018 0.69 

     a 1.41 + 0.07X1 + 1.05X2- 4.54x10-3X1
2 –  

1.63X2
2 + 0.07X1 X2 

0.0241 0.83 

 X1 =   (%w/v)  

X2 =   (%w/v)  
a  5 

 150  12.5  137.5  

 

 contour plot    

    

       

(P < 0.05)  4.4  4.6 
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 4.4a   

  

  (Adhikari et al., 2004; Goula 

and Adamopoulos, 2008)  

 4.4b  

 

-  CMC  ( , 2545)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.4  contour plot                  

 a)   b)  

 

a)                                                                b) 

yield

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

6.65

7.47

8.29

9.11

9.93

22

Solubility

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

97.72

97.86

97.99

98.13

98.13

98.26

98.26

22
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 4.5a   

       

 -

 

 (Nielsen et al., 1993) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.5  contour plot -

 a) , b) 

, c)   d)  

d) 

TFC

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

0.618601

0.741122
0.863643

0.986164
1.10869

22

C

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

0.701041

0.701041

0.935184

1.16933

1.40347

1.63761

22

p

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

0.115249

0.115249

0.153892
0.192534

0.231177

0.269819

22

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

16.082518.683821.28523.886226.4875 22

a) b) 

c) 
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 4.5 b, c  d  

  

 

                 

 

 (Anandaraman and Reineccius, 1986; 

Beatus et al., 1985; Wagner and Warthesen, 1995) 

 

 4.6a  

   

(Keast and Breslin, 2002)  (  4.6b)  

 

 

(Troszynska et al., 2010)  Smith et al. (1996) 

 CMC 

 CMC       

  (Courregelongue et al., 1999; Peleg and Noble, 1999) 
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 4.6  contour plot -

 a)   b)  

 

  4.11 - 4.15  4.4 – 4.6 

 Design-Expert  Adjusted R-square  60% 

 (P < 0.05) 

 (optimization)    

-  

 (Response surface methodology) 

 (P < 0.05)  -

   

4.7  ( ) -

 

   10.10 

 (%w/v)  0.21  (%w/v) ( ) 

a)                                                                   b) 

bitter

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

1.52871.689351.852.010652.1713 22

astringen

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

1.09185

1.091851.09185

1.30441

1.51696

1.72952
1.9420822
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 4.7   

 

 

     

 

 

      

  
  Hu (1999)  

   
 10    

    

10.10  (%w/v)  0.21  

DESIGN-EXPERT Plot

Overlay Plot
Design Points

X = A: maltodextrin
Y = B: CMC

Overlay Plot

A: maltodextrin

B
: C

M
C

7.00 12.25 17.50 22.75 28.00

-0.00

0.35

0.70

1.05

1.40

y ield: 8.49

Solubility : 98.00

TPC: 28.88

TFC: 1.21

Catechin: 1.84
Epicatechin: 0.29

bitter: 2.40 astringen: 1.99

22
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(%w/v)   3  

  4.15   1.11   9.84  

 

 4.15    

 

 
*  

** 

( ) 

    

      ( ) 7.73 ± 0.06 8.49 9.84 

      ( ) 97.29 ± 0.92 98.37 1.11 

    

      

     (mg GAE/g dry sample) 
31.56 ± 0.40 29.05 7.95 

      

     (mg Tannic acid/g dry sample) 
14.14 ± 0.09 15.39 8.84 

      

     (mg Q/g dry sample) 
1.27 ± 0.08 1.23 3.15 

      

     (mg /g dry sample) 
1.74 ± 0.47 1.86 6.41 

      

     (mg /g dry sample) 
0.28 ± 0.09 0.31 9.12 

*  ±   3   

**   

  =    -   × 100 /  
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 4.15 ( ) 

 
*  

** 

( ) 

    

     a 2.27 ± 0.90 2.33 2.64 

     a 1.91 ± 0.89 1.96 2.62 

*  ±   3   

**   

  =    -   × 100 /  
a  5 

 150  12.5 137.5  

 

-

 (  4.16) 

   

 



85 
 

 4.16  -

 

/   

   

     TPC1 31.56 ± 0.40  

     TFC2 1.27 ± 0.08  

     TN3 14.14 ± 0.09  

     TA4 0.36 ± 0.01  

     EC50
5 1.27 ± 0.25  

     Catechin6 1.74 ± 0.47  

     Epicatechin6 0.28 ± 0.09  

     Resveratrol6 0.00068 ± 0.00022 

   

      ( ) 7.73 ± 0.06  

      ( ) 97.29 ± 0.92  

      ( ) 2.65 ± 0.06  

      (aw) 0.27 ± 0.01  

   

     a 2.27 ± 0.90  

     a 1.91 ± 0.89  

1) Total phenolic content ; mg GAE / g encapsulate powder DW,  

2) Total flavonoid content ; mg Q / g encapsulate powder DW,  

3) Total tannin ; mg Tannic acid / g encapsulate powder DW,  

4) Total anthocyanins ; mg  / g encapsulate powder DW,  

5) mg encapsulate powder DW / mL DPPH,  

6) mg  / g encapsulate powder DW. 
a  5 

 150  12.5 137.5  
 



86 
 

 (Scanning Electron Microscope; SEM) 

 

       

  (  4.8a)  -

 CMC  

  (  4.8b) 

 

 

 

 4.8  a)   b)    

 

     

  Saenz et al. (2009) -

 -    

 

 (Nunes and Mercadante, 2007)  

 Cai and Corke (2000) -

  -     

 (25 DE)  (Senklang and Anprung, 2010) 

 

 

 

a)                                                               b) 
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 2  

 

  2.  

 

  

  

  

 

 

4.4  

 

 

     2552 

   5        

80   430    182   42.33   248  

 57.67  15  84    19.53   15-30  

85   19.77   31-45  87   20.23   46-60  86  

 20.00   60  88   20.47   256 

  59.53  /  140    32.56  

 191   44.42    10,000  280  

 65.12   4.17 
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 4.17  (n=430) 

                        

   

      182 42.33 

      248 57.67 

                430 100.00 

   

      15   84 19.53 

     15 – 30  85 19.77 

     31 – 45  87 20.23 

     46 – 60  86 20.00 

      60  88 20.47 

                430 100.00 

   

      256 59.53 

      174 40.47 

                430 100.00 
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 4.17 ( )  

                        

   

      50 11.63 

      31 7.21 

     /  140 32.56 

      9 2.09 

      33 7.67 

      46 10.70 

      46 10.70 

      22 5.12 

      26 6.05 

           27 6.27 

                430 100.00 

   

      67 15.58 

       94 21.86 

     ./ .  15 3.49 

      191 44.42 

      54 12.56 

       9 2.09 

                430 100.00 

   

      10,000  280 65.12 

     10,001 – 20,000  104 24.18 

     20,001 – 30,000  27 6.28 

     30,001 – 40,000   14 3.26 

     40,001 – 50,000  4 0.93 

     50,001  1 0.23 

                430 100.00 
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 (  4.18) 

    27.08          

 21.84    16.83       

 11.22  8.86  

    13.06    12.91   

 12.77     12.44 10.90   

    28.14     

  22.09    16.05         

 15.35  7.68        

(200-250 )  48.61   

51.40 
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 4.18  

                       

 (  1 )   

      296 21.84 

       7-11 367 27.08 

      152 11.22 

      85 6.27 

      (Food center) 120 8.86 

       76 5.61 

      27 1.99 

       ,   228 16.83 

          4 0.30 

                1355 100.00 

 (  1 )   

      347 12.44 

      247 8.86 

      360 12.91 

      356 12.77 

      364 13.06 

      174 6.24 

      176 6.31 

      233 8.36 

      304 10.90 

      187 6.71 

      32 1.15 

            8 0.29 

                2788 100.00 
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 4.18 ( )  

                    

   

      121 28.14 

      24 5.58 

      69 16.05 

      95 22.09 

      66 15.35 

      1 0.23 

      1 0.23 

      14 3.26 

      33 7.68 

      5 1.16 

      0 0.00 

            1 0.23 

                430 100.00 

   

      (200-250 ) 209 48.61 

      (500-750 ) 142 33.02 

      (1,000 )  79 18.37 

                430 100.00 

   

      209 48.60 

      221 51.40 

                430 100.00 
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 (  4.19) 

     27.91 

   12.09    11.40   

   10.93  10.00   

  

   18.44  

      

 15.89, 12.59 11.25        

    

         

    23.93  

       

 20.45, 16.01, 13.49 11.92    

    

     

  

 400   93.02        

  45.35    30.47 

 1   30    36.05  40   

28.61  1     1  

 10-15   50.00   

 

    369   85.81  
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 4.19  

                        

   

       52 12.09 

      120 27.91 

      47 10.93 

      25 5.81 

       12 2.79 

      15 3.49 

      49 11.40 

      22 5.12 

      32 7.44 

      43 10.00 

            13 3.02 

                430 100.00 

 (  1 )  

      83 6.22 

      212 15.89 

      150 11.25 

      105 7.87 

      106 7.95 

      168 12.59 

      246 18.44 

      99 7.42 

      8.4 6.30 

      74 5.55 

           7 0.52 

                1334 100.00 
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 4.19 ( )  

                       

 (  1 )   

      275 23.93 

      69 6.01 

      235 20.45 

      184 16.01 

      137 11.92 

      155 13.49 

      83 7.23 

           11 0.96 

                1149 100.00 

  

      400 93.02 

       30 6.98 

                430 100.00 

   

      76 17.67 

       131 30.47 

      24 5.58 

      195 45.35 

           4 0.93 

                430 100.00 

 1  

     20  79 18.37 

     30  155 36.05 

     40  123 28.61 

     50  68 15.81 

        10  5 1.16 

                430 100.00 
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 4.19 ( )  

                    

 1  1  

     10 – 15  215 50.00 

     16 – 19  110 25.58 

     20 – 25  91 21.16 

      25  14 3.26 

                430 100.00 

 

      369 85.81 

      61 14.29 

                430 100.00 

 

 

 

 

 Factor analysis 

 

  

20   5 

    

  

 (the relation model of each component)  

Component 1 :  Product  factor =  0.25 Safe + 0.27 Taste + 0.25 Clean + 0.27 Nutrition  

+ 0.22 Concentration 

Component 2 :  Packaging  factor =  0.35 Shelf-life + 0.36 Brand + 0.24 Multi-size  

+ 0.21 Package + 0.25 Appearance + 0.24 Convenient 

Component 3 :  Sensory  factor =  0.42 Aroma + 0.40 Sweet + 0.38 Color + 0.16 Advertise 

Component 4 :  Marketing  factor =  0.52 Gift + 0.51 Sale + 0.28 Price 

Component 5 :  Convenient  factor=  0.56 Portability + 0.46 Accessibility 
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 4.20  

 
Variables 

Component 

 1 2 3 4 5 

 safe 0.794 0.264 0.122 -0.007 -0.059 

taste 0.780 -0.002 0.229 0.061 0.114 

clean 0.780 0.277 0.084 0.028 0.003 

nutrition 0.746 0.038 -0.002 0.014 0.257 

concentration 0.708 0.173 0.183 0.107 0.144 

shelf-life 0.379 0.688 0.040 0.152 -0.009 

 brand 0.126 0.677 0.297 0.028 0.076 

multi-size -0.029 0.622 0.086 0.258 0.427 

package -0.010 0.615 0.233 0.202 0.506 

appearance 0.163 0.609 0.252 0.062 0.285 

convenient 0.303 0.581 0.142 0.225 0.115 

 aroma 0.252 0.178 0.816 0.091 0.168 

sweet 0.199 0.227 0.791 0.121 0.184 

color 0.161 0.158 0.775 0.304 0.038 

 advertise -0.088 0.186 0.462 0.453 0.212 

gift 0.029 0.205 0.291 0.828 0.010 

sale 0.071 0.104 0.168 0.824 0.316 

 price 0.313 0.449 -0.013 0.486 0.151 

 portability 0.152 0.202 0.159 0.216 0.829 

accessibility 0.329 0.264 0.217 0.131 0.722 

 Eigenvalues 7.56 2.46 1.45 1.06 1.01 

 Variance 

Explained 

(%) 

37.81 12.30 7.25 5.32 5.06 

 :  principle component analysis 

Product  factor 

Packaging  factor 

Sensory  factor 

Marketing  factor 

Convenient factor 
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 20  

   Varimax 

 4.20   Factor loading  

20  5     1 

 (product factor)  5    (safe) 

 (taste)  (clean)  (nutrition)  

(concentration)  2  (packaging factor)  6   

 (shelf-life)  (brand)  (multi-size) 

 (package)  (appearance)  (convenient) 

 3  (sensory factor)  4    

(aroma)  (sweetness)  (color)  (advertise) 

 4  (marketing factor)  3    (gift)     

 (sale)  (price)  5  (convenient factor) 

 2    (portability) 

 (accessibility) 

 

 
 4.9 Component plot in rotated space (component 1, 2) of fruit juice powder 

Factor 1 

Factor 2 
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 4.10 Component plot in rotated space (component 3, 4) of fruit juice powder 

 

 4.9  4.10 

  

 

1.  

  5   

    

    

  Zeithaml (1988) 

 

  

Factor 3 

Factor 4 
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2.   

  6     

   

  

  

  Bonner and Nelson (1985) 

    

 

 Luckow and Delahunty (2004a) 

  

 

3.   3 

 4      

  

    

  Stillman (1993) 

  

 Luckow and Delahunty (2004b) 

  Elder and Krishna (2009) 

 

4.  3     

   

 

 

 (Strokes, 1985) 

 Zeithaml and Berry (1987) 
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5.   2   

 

   

 

 

 Eigenvalues   

 Eigenvalues  7.56  5 

 

  Eigenvalues  2.46 

 Eigenvalues  1.45  

Eigenvalues  1.06  Eigenvalues  1.01 

  

 

 Variance Explained 

  

 67.75   37.81  

12.30  7.25  5.32 

 5.06  

 

  (interaction consistency 

reliability) 

  20  

 (Cronbach’s alpha coefficient method)  0.911 

  (  91.1) 

 ( , 2547) 
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 Chi-square  

 

 Chi-square Test  Eij < 5  20 

 cell   Pearson Chi-square 

 (pool data)  Fisher’s Exact 

Test  Significant  (Howitt and Cramer, 2005) 
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1.   4.21 

 

 4.21  

 
Chi-square Tests 

2 Significant 

 0.786 0.375 

 31.962 <0.001 

 5.175 0.023 

 22.289 0.008 

 22.101 0.001 

 1.810 0.613 

 :  95 (P < 0.05) 

 

             

 (P  0.05)  

  

  (P < 0.05)  4.22  15 – 30       

31 – 45     74.12  50.57  

 15  46 – 60   60  

   57.14, 65.12  59.09  
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 4.22  

 

 

 
  

 

( ) 

 

( ) 

  15  36 48 84 

(42.86) (57.14) (100.00) 

16 - 30  63 22 85 

(74.12) (25.88) (100.00) 

31 - 45  44 43 87 

(50.57) (49.43) (100.00) 

46 - 60  30 56 86 

(34.88) (65.12) (100.00) 

 60  36 52 88 

(40.91) (59.09) (100.00) 

 
209 221 430 

(48.60) (51.40) (100.00) 

 : 2= 31.962, P < 0.001 

 

   ( ) 

  (P < 0.05)  4.23 

   58.05 

  

  (P < 0.05)  4.24   /   

    57.14, 56.52  56.00 
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 4.23  

 

 

 
  

 

( ) 

 

( ) 

  136 120 256 

(53.13) (46.88) (100.00) 

 73 101 174 

(41.95) (58.05) (100.00) 

 
209 221 430 

(48.60) (51.40) (100.00) 

 : 2= 5.175, P = 0.023 

 

  

  (P < 0.05)  4.25 

      77.78, 

66.67  51.31  

  

 (P  0.05) 
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 4.24  

 

 

 
  

 

( ) 

 

( ) 

 

 

28 22 50 

(56.00) (44.00) (100.00) 

 9 22 31 

(29.03) (70.97) (100.00) 

/  80 60 140 

(57.14) (42.86) (100.00) 

 2 7 9 

(22.22) (77.78) (100.00) 

 15 18 33 

(45.45) (54.55) (100.00) 

 26 20 46 

(56.52) (43.48) (100.00) 

 15 31 46 

(32.61) (67.39) (100.00) 

 11 11 22 

(50.00) (50.00) (100.00) 

 8 18 26 

(30.77) (69.23) (100.00) 

  15 12 27 

(55.56) (44.44) (100.00) 

 
209 221 430 

(48.60) (51.40) (100.00) 

 : 2= 22.289, P = 0.008 
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 4.25  

 

 

 
  

 

( ) 

 

( ) 

  26 41 67 

(38.81) (61.19) (100.00) 

 40 54 94 

(42.55) (57.45) (100.00) 

./ . 2 13 15 

(13.33) (86.67) (100.00) 

 98 93 191 

(51.31) (48.69) (100.00) 

 36 18 54 

(66.67) (33.33) (100.00) 

 7 2 9 

(77.78) (22.22) (100.00) 

 
209 221 430 

(48.60) (51.40) (100.00) 

 : 2= 22.101, P = 0.001 
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2.  

  4.26 

 

 4.26  

 

 
Chi-square Tests 

2 Significant 

 4.127 0.042 

 18.801 0.001 

 2.549 0.110 

 4.959 0.292 

 2.810 0.245 

 2.766 0.251 

 4.469 0.035 

 :  95 (P  0.05) 

 

         

(P < 0.05)  4.27 

 95.16 

         

(P < 0.05)  4.28  60  15 – 30 46 – 60  

   98.86, 97.65 

 93.02  

     

  

(P  0.05) 
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 4.27  

 

 

 

   

 ( )  ( ) 

  164 (90.11) 18 (9.89) 182 (100.00) 

 236 (95.16) 12 (4.84) 248 (100.00) 

 400 (93.02) 30 (6.98) 430 (100.00) 

 : 2= 4.127, P = 0.042 

 

 4.28  

 

 

 

   

 ( )  ( ) 

  15  77 7 84 

(91.67) (8.33) (100.00) 

16 - 30  83 2 85 

(97.65) (2.35) (100.00) 

31 - 45  73 14 87 

(83.91) (16.09) (100.00) 

46 - 60  80 6 86 

(93.02) (6.98) (100.00) 

 60  87 1 88 

(98.86) (1.14) (100.00) 

 
400 30 430 

(93.02) (6.98) (100.00) 

 : 2= 18.801, P = 0.001 
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  (P < 0.05)  4.29 

  95.69 

 

 4.29  

 

 

 

 
  

 

( ) 

 

( ) 

  200 9 209 

(95.69) (4.31) (100.00) 

 200 21 221 

(90.50) (9.50) (100.00) 

 
400 30 430 

(93.02) (6.98) (100.00) 

 : 2= 4.469, P = 0.035 

 

3.  

  4.30 

  Chi-square Test 

 Eij < 5  20  cell   Pearson 

Chi-square  Fisher’s Exact Test  Significant  (Howitt and 

Cramer, 2005) 

 

  

 (P  0.05) 
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 4.30  

 

 

Chi-square Tests 

2 
Fisher's 

Exact Test 

Eij 

( ) 
Significant 

 2.101 - - 0.147 

 12.705 - - 0.013 

 0.137 - - 0.711 

 13.610 - - 0.034 

 17.581 - - 0.004 

 9.372 - - 0.009 

 5.720 - - 0.017 

 - 33.979 25.00 <0.001 

 :  95 (P < 0.05) 

 

  

  (P < 0.05)  4.31 16 – 30  

31 – 45   46 – 60     95.29, 

86.21  86.05   

   ( ) 

 (P  0.05) 
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 4.31  

 

 

 

 
  

 

( ) 

 

( ) 

  15  20 64 84 

(23.81) (76.19) (100.00) 

16 - 30  4 81 85 

(4.71) (95.29) (100.00) 

31 - 45  12 75 87 

(13.79) (86.21) (100.00) 

46 - 60  12 74 86 

(13.95) (86.05) (100.00) 

 60  13 75 88 

(14.77) (85.23) (100.00) 

 
61 369 430 

(14.19) (85.81) (100.00) 

 : 2= 12.705, P = 0.013 

 

  

  (P < 0.05)  4.32     

    97.83, 90.91  

90.00  
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 4.32  

 

 

 

 
  

 

( ) 

 

( ) 

 

 

5 45 50 

 (10.00) (90.00) (100.00) 

  7 24 31 

 (22.58) (77.42) (100.00) 

 /  24 116 140 

 (17.14) (82.86) (100.00) 

  3 30 33 

 (9.09) (90.91) (100.00) 

  1 45 46 

 (2.17) (97.83) (100.00) 

  11 35 46 

 (23.91) (76.09) (100.00) 

   10 74 84 

  (11.90) (88.10) (100.00) 

 
61 369 430 

(14.19) (85.81) (100.00) 

 : 2= 13.610, P = 0.034 

          

 

            

  (P < 0.05)  4.33 

      77.78, 66.67 

 51.31  
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 4.33  

 

 

 

 
  

 

( ) 

 

( ) 

  18 49 67 

(26.87) (73.13) (100.00) 

 16 78 94 

(17.02) (82.98) (100.00) 

./ . 4 11 15 

(26.67) (73.33) (100.00) 

 19 172 191 

(9.95) (90.05) (100.00) 

 3 51 54 

(5.56) (94.44) (100.00) 

 1 8 9 

(11.11) (88.89) (100.00) 

 
61 369 430 

(14.19) (85.81) (100.00) 

 : 2= 17.581, P = 0.004 

 

  

 (P < 0.05)  4.34 

 20,001   10,001 - 20,000    

10,000    95.65, 91.35  82.14  
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 4.34  

 

 

 

 
  

 

( ) 

 

( ) 

  10,000  50 230 280 

  (17.86) (82.14) (100.00) 

 10,001 - 20,000  9 95 104 

  (8.65) (91.35) (100.00) 

  20,001  2 44 46 

  (4.35) (95.65) (100.00) 

 
61 369 430 

(14.19) (85.81) (100.00) 

 : 2= 9.372, P = 0.009 

 

  

  (P < 0.05)  4.35 

 

 89.95 

 (P < 0.05)  4.36 

  88.50 
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 4.35  

 

 

 

 
  

 

( ) 

 

( ) 

  21 188 209 

(10.05) (89.95) (100.00) 

 40 181 221 

(18.10) (81.90) (100.00) 

 
61 369 430 

(14.19) (85.81) (100.00) 

 : 2= 5.720, P = 0.017 

 

 4.36  

 

 

 

 
  

 

( ) 

 

( ) 

  46 354 400 

(11.50) (88.50) (100.00) 

 15 15 30 

(50.00) (50.00) (100.00) 

 
61 369 430 

(14.19) (85.81) (100.00) 

 :   Eij < 5  20  cell   

Pearson Chi-square  Fisher’s Exact test  Significant  Fisher’s Exact test = 

33.979, P < 0.001 
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 16 – 30  /    

   20,000   

  46 – 60   60   

  

 

 

 

 

  4.10  

 

 
 4.11  

 

  4.11  
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4.5  

 

  

 19   4.37   

  

     

       

    

   

  

  

Perez-Cacho et al. (2008)  

 

 

 4.37  

 b  

  

   -  

   -  

 

   - a  

   - a  

   - a  

   -   

   - a  

 

-  

-  

 

-  

-  

-  

-  

-  

 

 

  

 

   

   

 

   

 

  
aCiville and Lyon (1996) 
b           

 150   12.5  137.5  
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 4.37 ( )  

 b  

  

   - a  

   - a  

   - a  

   - a  

   - a  

   - a  

   - a 

   - a  

 

   - a 

 

   - a  

 

   - a  

 

   - a  

 

-  

-  

-  

-  

-  

-  

-  

-  

 

-  

 

-  

 

-  

 

-  

 

 

  

 

 

 

 

 

 

 

 

 

 

 
aCiville and Lyon (1996) 
b                               

 150   12.5  137.5  

 

 4.38 

 Meilgaard et al. (2007)  Civille and Lyon (1996) 
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 4.38  

  
a 

(mm.) 

 

             

-  

 

-  

 

             

             

 

             

 

             

 

             

 

             

 

 

             

 

 

 

0.01% Sunset yellow FCF (Winner's brand; Great hill 

Ltd., Bangkok, TH) L* = 29.90, a* = -4.06, b* = 14.40 

0.01% Tratarzine (Best Odour Co., Bangkok, TH) 

L* = 27.56, a* = 3.61, b* = 11.45 

 
b 

 

0.05 mL  (Danisco, Copenhagen, DK) 
b 

0.05 mL  (Best Odour Co., Bangkok, TH) 
b 

0.05 mL  (Best Odour Co., Bangkok, TH) 
b 

Minute maid pulpy™ (Food and Drinks Public 

Company Limited., Chonburi, TH) 
b 

Minute maid pulpy™  
b 

 

 

   27 

 

 110 

 

    0 

110 

 

  75 

52.5 

  86 

  23 

  91 

  37 

  28 

 

  19 

  78 

  46 

 

a  

 150   12.5  137.5  
 b   35  250  
cMeilgaard et al. (2007) 



121 
 

 4.38 ( )  

  
a 

(mm.) 

 

           c  

  

 

            c  

 

 

 

            c 

 

 

            c 

  

 

 

0.05%  

0.35%  

0.50%  

2%  

5%  

10%  

16%  

0.20%  

0.35%  

0.50%  

0.05%  

0.35%  

0.50%  

 

  20 

  50 

100 

  20 

  50 

100 

150 

  25 

  50 

  85 

  20 

  50 

100 

 

             

 

             

 

             

 

            d 

Minute maid pulpy™  
b 

Minute maid pulpy™  
b 

Minute maid pulpy™  
b 

0.02% alum 

0.10% alum 

  28 

  37 

  25 

12.5 

  51 

  45 

  20 

100 

 

a        

 150   12.5  137.5  
b   35  250  
cMeilgaard et al. (2007) 
dBeecher et al. (2008) 
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 4.38 ( )  

  
a 

(mm.) 

 

            c  

  

            c 

  

            c 

 

            d 

 

0.05%  

0.35%  

2%  

5%  

0.05%  

0.35%  

0.02% alum 

0.10% alum 

 

20 

50 

20 

50 

20 

50 

10 

50 
a        

 150   12.5  137.5  
b   35  250  
cMeilgaard et al. (2007) 
dBeecher et al. (2008)  

 

  warm-up 

(   , 2544)      10        

 0.5    0.11  (Citrus retculata Blanco cv. Sai Nam Pung) 

  (  

9-11 -  3.9-4.5)  73.39   

   16 (  , 2545)  24       

  (inlet)   (outlet)  145 

 80   
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  Warm-up 

   4.39 

 warm-up 

 19  

      

    

     

  

      

    

   4.12  

 

 
 4.12    Warm-up 
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 4.39  Warm-upa  

 
b 

(mm.) 

c 

(mm.) 

 

  

  

 

  

  

  

               

  

 

   

  

  

  

  

  

  

               

 

  

  

  

               

  

  69 

110 

 

  52.5 

  23 

  37 

  19 

  46 

 

  57 

  38 

  12.5 

  12.5 

  37 

  12.5 

  45 

  12.5 

 

  49 

  34 

    6.25 

    6.25 

 

67.7±5.00 

108.7±7.50 

 

60.3±6.80 

24.6±2.80 

37.6±6.50 

20.8±3.80 

47.6±6.00 

 

59.2±4.20 

38.8±4.00 

14.9±0.40 

15.0±0.40 

35.6±5.40 

15.9±2.90 

48.2±6.20 

12.6±0.78 

 

51.3±6.10 

35.4±6.10 

6.0±0.70 

6.3±0.39 

 

a   35  250  
b  

 150   12.5  137.5  
cMean ± SD (n = 10)  150  
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 (Fennema, 1976)  

 19       

         

    

 

 

4.6  

 

 

  (  10 - 25 

)  (  0.3 – 0.8 )  (  

10 – 30 )    0.11  

  Spray dryer (JCM, Thailand)  

(  3.3)  4.40 - 4.42 

 

 -   L* a* 

 b*  CIE  35 

  250   4.40  4.41   

 25.35 – 41.50  -   

3.59 – 3.78  L* a* b*  27.13 – 45.56, -1.54 – 1.64  10.94 – 27.14 

 

  11.35 

– 12.65  -   3.79 – 4.10  L* a*  b*  

24.99 – 30.09, -2.57  -0.88  2.81 – 5.85  

 4.42 



12
6 

 

 4
.4

0 
 

* 
 

 

 

(
) 

 

- 
 (p

H
) 

L*
 

a*
 

b*
 

1 
(1

) 
25

.3
5 

± 
0.

07
f  

3.
75

 ±
 0

.0
7a-

c  
28

.2
3 

± 
0.

04
k  

-1
.4

0 
± 

0.
04

g  
11

.6
9 

± 
0.

09
m
 

2 
a 

34
.9

5 
± 

0.
21

c  
3.

77
 ±

 0
.0

4a,b
 

27
.1

3 
± 

0.
08

m
 

-1
.3

0 
± 

0.
10

g  
10

.9
4 

± 
0.

07
o  

3 
b 

25
.7

0 
± 

0.
14

f  
3.

76
 ±

 0
.0

6a-
c  

28
.1

1 
± 

0.
06

k,
l  

-1
.5

4 
± 

0.
10

g  
11

.3
7 

± 
0.

12
n  

4 
ab

 
35

.2
5 

± 
0.

34
c  

3.
65

 ±
 0

.0
7d-

f  
28

.0
5 

± 
0.

08
l  

-0
.9

4 
± 

0.
06

f  
12

.6
1 

± 
0.

06
l  

5 
c 

34
.8

0 
± 

0.
28

c  
3.

78
 ±

 0
.0

3a  
41

.2
7 

± 
0.

05
d  

-0
.6

1 
± 

0.
06

e  
22

.5
6 

± 
0.

03
e  

6 
ac

 
40

.9
5 

± 
0.

07
a  

3.
78

 ±
 0

.0
4a,b

 
41

.6
7 

± 
0.

03
c  

0.
21

 ±
 0

.0
1d  

24
.8

2 
± 

0.
06

d  

7 
bc

 
34

.8
0 

± 
0.

28
c  

3.
68

 ±
 0

.0
3b-

e  
42

.9
4 

± 
0.

25
b   

0.
96

 ±
 0

.1
6b  

27
.1

4 
± 

0.
31

a  

8 
ab

c 
41

.4
0 

± 
0.

00
a  

3.
59

 ±
 0

.0
2f  

40
.2

5 
± 

0.
07

e  
0.

67
 ±

 0
.0

4c  
25

.0
6 

± 
0.

07
c  

 (P
 <

 0
.0

5)
  

Du
nc

an
’s 

ne
w 

M
ul

tip
le 

Ra
ng

e T
es

t (
DM

RT
), 

 

*
 3

.3
 

 

126 



12
7 

 

 4
.4

0 
(

)  

 

* 
 

 

 

(
) 

 

- 
 (p

H
) 

L*
 

a*
 

b*
 

9 
-

a 
27

.3
5 

± 
0.

07
e  

3.
69

 ±
 0

.0
1a-

d  
34

.0
4 

± 
0.

13
h  

-0
.6

4 
± 

0.
20

e  
17

.9
7 

± 
0.

24
h  

10
 

+
a 

40
.1

0 
± 

0.
14

b  
3.

67
 ±

 0
.0

4c-
f  

34
.2

9 
± 

0.
05

g  
0.

96
 ±

 0
.0

2b  
21

.0
4 

± 
0.

11
f  

11
 

-
b 

33
.9

5 
± 

0.
21

d  
3.

78
 ±

 0
.0

4a,b
 

34
.7

7 
± 

0.
08

f  
0.

13
 ±

 0
.0

4d  
20

.1
6 

± 
0.

08
g  

12
 

+
b 

34
.9

0 
± 

0.
14

c  
3.

59
 ±

 0
.0

1e,f
 

31
.8

5 
± 

0.
06

j  
-0

.9
9 

± 
0.

05
f  

14
.9

0 
± 

0.
12

k  

13
 

-
c 

25
.8

0 
± 

0.
28

f  
3.

70
 ±

 0
.0

1a-
d  

31
.7

5 
± 

0.
04

j  
0.

01
 ±

 0
.0

5d  
17

.0
4 

± 
0.

15
i  

14
 

+
c 

41
.5

0 
± 

0.
42

a  
3.

79
 ±

 0
.0

2a  
45

.5
6 

± 
0.

02
a  

1.
64

 ±
 0

.1
2a  

26
.5

2 
± 

0.
16

b  

15
 

Cp
1 

33
.7

0 
± 

0.
42

d  
3.

78
 ±

 0
.0

3a  
33

.2
3 

± 
0.

08
i  

-0
.4

0 
± 

0.
29

e  
15

.5
2 

± 
0.

06
j  

16
 

Cp
2 

33
.6

0 
± 

0.
57

d  
3.

77
 ±

 0
.0

5a,b
 

33
.1

9 
± 

0.
10

i  
-0

.3
9 

± 
0.

29
e  

15
.5

0 
± 

0.
08

j  

17
 

Cp
3 

33
.5

0 
± 

0.
71

d  
3.

78
 ±

 0
.0

4a,b
 

33
.2

1 
± 

0.
11

i  
-0

.4
1 

± 
0.

29
e  

15
.5

3 
± 

0.
07

j  

 (P
 <

 0
.0

5)
  

Du
nc

an
’s 

ne
w 

M
ul

tip
le 

Ra
ng

e T
es

t (
DM

RT
), 

 

*
 3

.3
 

 

127 

 



12
8 

 

 4
.4

1 
1  

 

* 
 

 

 

(
) 

 

- 
 (p

H
) 

L*
 

a*
 

b*
 

1 
(1

) 
12

.2
0 

± 
0.

28
a-

f  
3.

87
 ±

 0
.0

5c  
25

.5
0 

± 
0.

20
g-

i  
-1

.4
8 

± 
0.

10
d  

4.
86

 ±
 0

.0
8b  

2 
a 

11
.7

0 
± 

0.
14

f-h
 

3.
98

 ±
 0

.0
4b  

25
.0

4 
± 

0.
10

i  
-0

.9
6 

± 
0.

05
a,b

 
3.

85
 ±

 0
.0

9d,
e  

3 
b 

12
.3

0 
± 

0.
14

a-
d  

3.
78

 ±
 0

.0
3d  

25
.7

3 
± 

0.
14

e-
h  

-1
.5

1 
± 

0.
04

d  
4.

51
 ±

 0
.0

6b,
c  

4 
ab

 
12

.3
0 

± 
0.

42
a-

d  
3.

87
 ±

 0
.0

4c  
24

.9
9 

± 
0.

09
i  

-0
.8

8 
± 

0.
01

a  
3.

54
 ±

 0
.0

7e  

5 
c 

12
.2

0 
± 

0.
28

a-
f  

3.
99

 ±
 0

.0
2b  

27
.3

2 
± 

0.
01

d  
-1

.9
0 

± 
0.

11
e  

3.
72

 ±
 0

.1
2d,

e  

6 
ac

 
12

.6
5 

± 
0.

21
a  

4.
09

 ±
 0

.0
1a  

28
.7

5 
± 

0.
01

c  
-1

.8
9 

± 
0.

01
e  

2.
93

 ±
 0

.0
7f  

7 
bc

 
12

.3
0 

± 
0.

14
a-

d  
3.

88
 ±

 0
.0

3c  
27

.5
5 

± 
0.

14
d  

-1
.9

1 
± 

0.
11

e  
3.

75
 ±

 0
.1

3d,
e  

8 
ab

c 
12

.5
5 

± 
0.

21
a,b

 
3.

87
 ±

 0
.0

4c  
25

.6
5 

± 
0.

05
f-h

 
-1

.1
5 

± 
0.

06
b,

c  
2.

93
 ±

 0
.0

3f  

 (P
 <

 0
.0

5)
  

Du
nc

an
’s 

ne
w 

M
ul

tip
le 

Ra
ng

e T
es

t (
DM

RT
), 

*
 3

.3
, 

1)
 

 3
5 

 2
50

 
 

 

128 

 



12
9 

 

 4
.4

1 
(

)  

 

* 
 

 

 

(
) 

 

- 
 (p

H
) 

L*
 

a*
 

b*
 

9 
-

a 
12

.1
0 

± 
0.

14
b-

g  
3.

88
 ±

 0
.0

4c  
30

.0
9 

± 
0.

13
a  

-2
.5

7 
± 

0.
02

g  
5.

85
 ±

 0
.3

2a  

10
 

+
a 

12
.3

5 
± 

0.
21

a-
c  

3.
99

 ±
 0

.0
2b  

29
.4

9 
± 

0.
10

b  
-2

.1
8 

± 
0.

06
f  

4.
33

 ±
 0

.3
1c  

11
 

-
b 

11
.8

0 
± 

0.
28

d-
h  

4.
08

 ±
 0

.0
3a  

28
.5

0 
± 

0.
04

c  
-2

.1
8 

± 
0.

04
f  

4.
15

 ±
 0

.2
2c,d

 

12
 

+
b 

11
.6

0 
± 

0.
28

g,
h  

3.
77

 ±
 0

.0
5d  

26
.2

7 
± 

0.
17

e  
-1

.4
7 

± 
0.

09
d  

3.
78

 ±
 0

.0
7d,

e  

13
 

-
c 

11
.7

5 
± 

0.
07

e-
h  

3.
87

 ±
 0

.0
4c  

25
.3

6 
± 

0.
22

h,
i  

-1
.4

5 
± 

0.
13

d  
5.

50
 ±

 0
.0

8a  

14
 

+
c 

11
.3

5 
± 

0.
07

h  
4.

10
 ±

 0
.0

1a  
29

.3
9 

± 
1.

15
b  

-1
.8

5 
± 

0.
31

e  
2.

81
 ±

 0
.8

5f  

15
 

Cp
1 

11
.9

0 
± 

0.
14

c-
g  

3.
99

 ±
 0

.0
1b  

26
.0

5 
± 

0.
10

e-
g  

-1
.3

1 
± 

0.
18

c,d
 

3.
45

 ±
 0

.0
8e  

16
 

Cp
2 

12
.2

5 
± 

0.
07

a-
e  

3.
89

 ±
 0

.0
2c  

26
.0

4 
± 

0.
09

e-
g  

-1
.3

0 
± 

0.
18

c,d
 

3.
43

 ±
 0

.0
8e  

17
 

Cp
3 

11
.9

5 
± 

0.
21

c-
g  

3.
98

 ±
 0

.0
3b  

26
.0

9 
± 

0.
06

e,f
 

-1
.3

3 
± 

0.
17

c,d
 

3.
47

 ±
 0

.0
8e  

 (P
 <

 0
.0

5)
  

Du
nc

an
’s 

ne
w 

M
ul

tip
le 

Ra
ng

e T
es

t (
DM

RT
), 

 

*
 3

.3
, 

1)
 

 3
5 

 2
50

 
 

 

129 



130 
 

 4.42   

*  

 

 

( ) 

 

(

) 

 

( ) 
aw 

1 (1) 13.36 ± 1.30f,g 6.59 ± 0.29b 98.61 ± 0.25a 0.31 ± 0.02ns 

2 a 12.25 ± 1.89g,h 5.24 ± 0.40c 97.84 ± 0.36b 0.31 ± 0.01 ns 

3 b 16.48 ± 1.64e-g 5.75 ± 0.13c 97.92 ± 0.68a,b 0.31 ± 0.01 ns 

4 ab 15.27 ± 2.36e-g 5.17 ± 0.16c 97.79 ± 0.91a,b 0.33 ± 0.01 ns 

5 c 18.45 ± 3.21e,f 2.36 ± 0.10f 97.85 ± 0.37a,b 0.33 ± 0.02 ns 

6 ac 16.97 ± 3.65e-g 3.52 ± 0.36e 97.07 ± 1.30b 0.34 ± 0.01 ns 

7 bc 15.98 ± 2.74e-g 3.45 ± 0.01e 98.15 ± 0.89a,b 0.36 ± 0.04 ns 

8 abc 25.16 ± 3.04b,c 4.37 ± 0.21d 97.62 ± 0.42a,b 0.34 ± 0.02 ns 

9 - a 20.07 ± 2.33d,e 3.44 ± 0.01e 97.78 ± 0.17a,b 0.32 ± 0.04 ns 

10 + a 41.81 ± 2.54a 3.52 ± 0.04e 98.68 ± 0.25a 0.30 ± 0.01 ns 

11 - b 23.64 ± 3.75c,d 3.45 ± 0.38e 98.84 ± 0.29a 0.31 ± 0.00 ns 

12 + b 19.87 ± 3.25d,e 5.42 ± 0.30c 98.90 ± 0.14a 0.30 ± 0.01 ns 

13 - c 8.11 ± 0.82h 7.62 ± 0.19a 98.10 ± 0.40a,b 0.32 ± 0.02 ns 

14 + c 28.48 ± 3.68b 3.12 ± 0.11e 98.61 ± 0.42a 0.34 ± 0.02 ns 

15 Cp1 15.77 ± 2.60e-g 5.52 ± 0.46c 98.60 ± 0.37a 0.32 ± 0.01 ns 

16 Cp2 15.69 ± 2.59e-g 5.49 ± 0.18c 98.57 ± 0.42a 0.32 ± 0.01 ns 

17 Cp3 15.76 ± 2.59e-g 5.54 ± 0.44c 98.57 ± 0.38a 0.32 ± 0.01 ns 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  ns (non-significant) 

 (P  0.05), 

*  3.3 

 

 4.42  8.11-41.81 -

  0.30-0.36  2.36-7.62 

 1.10-3.16 
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 (acceptance test)    

       

  57   9-point hedonic scale (Meilgaard 

et al., 2007)  BIB (Balance Incomplete 

Block Design)   (2526)  19 (t=19) 

 2   57 (b=57)  4.43 
 

 4.43  

*  

 

1 
1 1 1 

1 

1 (1) 7.0 ± 0.7a 7.1 ± 0.8a 7.5 ± 0.6a 7.2 ± 0.8a 5.9 ± 0.8b 

2 a 4.8 ± 1.0c,d 6.1 ± 1.2c,d 6.3 ± 1.1b,c 5.2 ± 1.0d,e 4.4 ± 1.0c 

3 b 5.5 ± 0.6b 6.4 ± 0.8b,c 5.6 ± 1.3d,e 5.5 ± 1.0c,d 5.7 ± 1.3b 

4 ab 5.9 ± 0.9b 5.9 ± 1.1c,d 4.2 ± 0.8h,i 4.0 ± 0.9h-j 4.7 ± 1.1c 

5 c 4.3 ± 0.7c-e 4.9 ± 1.0e 5.7 ± 1.1d,e 4.4 ± 0.8f-h 3.7 ± 0.9d,e 

6 ac 4.3 ± 0.8d,e 3.5 ± 1.8f,g 3.7 ± 1.5i 3.5 ± 0.9j 2.1 ± 0.8f 

7 bc 3.3 ± 1.7f 2.3 ± 0.5h 4.2 ± 1.2h,i 4.3 ± 1.1g-i 3.6 ± 1.3d,e 

8 abc 4.9 ± 0.8c 3.1 ± 0.7g 4.6 ± 1.1g,h 4.4 ± 0.9f-h 4.6 ± 0.9c 

9 - a 5.7 ± 1.8b 4.7 ± 0.7e 5.2 ± 0.8e,f 4.4 ± 0.9f-h 4.6 ± 1.2c 

10 + a 4.9 ± 1.1c 3.6 ± 1.5f,g 5.0 ± 0.8f,g 4.9 ± 0.8e,f 5.0 ± 1.0c 

11 - b 4.0 ± 0.8e 3.7 ± 0.8f,g 5.9 ± 0.8c,d 4.8 ± 1.0e-g 3.6 ± 0.6d,e 

12 + b 6.8 ± 0.8a 4.0 ± 0.8f 4.9 ± 2.0f,g 4.5 ± 1.6f-h 6.9 ± 0.8a 

13 - c 7.2 ± 0.8a 6.8 ± 1.0a,b 6.6 ± 1.2b 6.1 ± 1.1b 6.3 ± 1.0b 

14 + c 2.1 ± 0.8g 2.3 ± 1.0h 4.0 ± 0.7i 3.7 ± 1.1i,j 2.0 ± 0.7f 

15 Cp1 5.6 ± 1.0b 5.7 ± 1.0d 6.1 ± 0.7b-d 6.2 ± 0.8b 6.0 ± 0.7b 

16 Cp2 5.9 ± 1.1b 4.9 ± 1.2e 6.1 ± 0.8b-d 6.3 ± 0.9b 6.0 ± 1.0b 

17 Cp3 5.9 ± 1.1b 5.0 ± 0.9e 6.1 ± 0.8b-d 6.0 ± 1.2b,c 5.9 ± 1.4b 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT). *  3.3,  

1)  35  250  
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 4.43 ( )  

*  

 

1 1 1 
1 1 

1 (1) 5.9 ± 0.9b 6.1 ± 0.8b,c 7.7 ± 0.8a 7.8 ± 0.6a 6.9 ± 0.9a 

2 a 4.0 ± 0.9e,f 4.3 ± 1.2g,h 7.0 ± 0.8c-e 7.0 ± 0.7b 6.3 ± 0.9a-c 

3 b 4.1 ± 1.1d,e 3.7 ± 0.8i 6.9 ± 0.8d,e 6.3 ± 1.0c-e 5.1 ± 1.5e,f 

4 ab 5.0 ± 0.9c 6.0 ± 0.7c 5.7 ± 1.1g 5.9 ± 0.8e 5.9 ± 0.7c,d 

5 c 3.2 ± 0.6g 3.9 ± 0.7h,i 6.7 ± 1.0d,e 4.7 ± 1.6g 4.6 ± 1.2f 

6 ac 1.9 ± 0.7i 4.6 ± 1.8f,g 4.3 ± 1.9h 4.8 ± 1.3f,g 4.7 ± 1.5f 

7 bc 3.5 ± 1.5f,g 2.8 ± 1.3j 6.1 ± 0.9f,g 4.8 ± 0.7f,g 3.7 ± 1.0g 

8 abc 4.3 ± 0.8d,e 4.7 ± 1.0e-g 5.8 ± 0.4g 5.9 ± 0.7e 6.0 ± 0.8b-d 

9 - a 2.5 ± 0.5h 2.5 ± 0.5j 6.5 ± 0.5e,f 5.3 ± 0.9f 5.4 ± 0.9d,e 

10 + a 4.4 ± 1.7c-e 6.5 ± 1.0a,b 7.5 ± 0.5a-c 6.2 ± 0.8d,e 6.6 ± 0.7a 

11 - b 4.4 ± 1.1c-e 5.4 ± 1.0d 6.9 ± 0.8d,e 6.0 ± 0.9e 5.7 ± 1.0d 

12 + b 6.5 ± 0.6a 6.9 ± 0.8a 7.1 ± 1.0b-d 6.7 ± 0.9b-d 6.9 ± 0.8a 

13 - c 6.0 ± 0.8b 6.8 ± 0.9a 7.5 ± 0.5a,b 6.5 ± 1.5b-e 6.4 ± 1.2a-c 

14 + c 1.9 ± 0.7i 1.7 ± 0.6k 6.0 ± 0.9g 4.0 ± 0.7h 3.6 ± 0.5g 

15 Cp1 4.6 ± 0.9c,d 5.0 ± 0.7d-f 6.9 ± 0.8d,e 6.9 ± 0.8b,c 6.6 ± 0.9a 

16 Cp2 4.5 ± 0.9c-e 5.1 ± 0.7d,e 7.1 ± 0.8b-d 7.0 ± 1.3b 6.7 ± 1.2a 

17 Cp3 4.7 ± 1.1c,d 5.2 ± 1.0d,e 7.2 ± 0.7b-d 6.6 ± 1.6b-d 6.5 ± 1.5a,b 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  

*  3.3,  

1)  35  250  

 

 4.43 

        

   2.1-7.2, 2.3-7.1, 3.7-7.5, 3.5-7.2, 2.1-

6.9, 1.9-6.5, 1.7-6.9, 4.3-7.7, 4.0-7.8  3.6-6.9  
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 4.41  4.43  biplot 

  Principal component 

analysis (PCA)  SPSS  4.13 

 

PC 1 (55.29%)
2.000001.000000.00000-1.00000-2.00000

PC
 2

 (
14

.8
8%

)

2.00000

1.00000

0.00000

-1.00000

-2.00000

pH

overall
color

yield

moisture

a

L

sweet

b

sour

orange

astringe
flavor

aroma

solubili

aftertas
Aw

bitter

T17
T15

T14

T13

T12

T11

T10

T9

T8

T7
T6

T5

T4

T3

T2 T1

 4.13 PCA biplot of sensory hedonic and of orange powder treatments 

 : T1 – T17  3.3 

 

 4.13  2 components 

 71.52% (variance explain)  PC1 (55.29%)  PC2 (14.88%)   1, 3, 

12, 13, 15, 16  17   

, , , , ,   

 (b*)   

  Design-Expert  

Adjusted R-square  60%      

      -  (pH)  
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   (b*)  (P < 0.05)   

     

      (L*)  (a*)  aw 

    

(P  0.05)  

  

   4.44-4.45  4.13 – 4.22 

 

 4.44    

  

  P-value Adj. R2 
1 8.09 - 0.38X1 + 25.06X2 - 0.44X3  

+ 0.01X1
2- 56.38X2

2 + 0.02X3
2 

+ 0.28X1X2 + 5.66x10-3X1X3  

- 2.75 x10-4X1
3+ 32.63X2

3 - 3.92X3
3 

0.0001 0.98 

1 7.53 - 0.14X3 <0.0001 0.74 
1 6.33 + 0.13X1 + 2.57X2 - 0.08X3  

- 8.88x10-3X1
2 - 7.99 X2

2 - 4.11x10-3X3
2 

+ 0.10X1X2 + 4.50x10-3 X1X3 + 0.18X2X3 

0.0180 0.76 

1 3.82 + 2.36X2 + 0.11X3 - 5.29 x10-3X3
2 0.0010 0.63 

1 7.95 + 0.12X1 - 3.87X2 - 0.06X3  

- 5.41x10-3X1
2 - 4.81x10-3X3

2 

+ 4.00x10-3 X1X3 + 0.19X2X3 

0.0004 0.84 

      X1 =    (10-25 %w/v)  

X2 =    (0.3-0.8 %w/v) 

X3 =    (10-30 %w/v) 

1)  35  250  
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 4.45    

  

  P-value Adj. R2 

-  (pH)1 3.91 + 4.64x10-3X1 - 0.31X2 + 5.25x10-3X3 <0.0001 0.80 

 (b*)1 7.99 - 0.31X1 - 0.06X3 + 7.06x10-3X1
2 <0.0001 0.76 

 7.11 - 0.12X3 0.0001 0.61 

      X1 =    (10-25 %w/v)  

X2 =    (0.3-0.8 %w/v) 

X3 =    (10-30 %w/v) 

1)  35  250  

 

 4.44-4.45  contour 

 4.13 – 4.24 
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  4.14 

 (  4.14b)  (  4.14a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.14  contour plot   

a)  10  b)  30  

 

 

 

         

a)                                            b)    

overall_1

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

5.29618

5.51765

5.73912

5.73912

5.96058

overall_1

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

3.5133

3.82164

4.12997

4.4383

4.4383

4.74664
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 4.15a  4.15b  

 

 Quek et al. (2007) 

 

 (Stefanovich and Karel, 1982) 

 

 Quek et al. (2007) 

    (sticky point temperature) 

  (Bhandari et al., 1993) 

 

 (Abadio et al., 2004; Shrestha et al., 2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.15  contour plot  a)   b)   

 17.50  0.55 

10.00 15.00 20.00 25.00 30.00

2.3

3.5

4.7

5.9

7.1

C: malto

co
lo

r_
1

10.00 15.00 20.00 25.00 30.00

2.36

3.675

4.99

6.305

7.62

C: malto

m
oi

st
ur

e

a)                                            b)    

          

C: maltodextrin C: maltodextrin 
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 4.16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.16  contour plot  

 17.50  

 

 

 

                           ot flavor_1

B: ascorbic

C
: m

al
to

0.30 0.43 0.55 0.68 0.80

10.00

15.00

20.00

25.00

30.00

3.58759

4.12411

4.66063

5.19716

5.73368

333

C: 
ma

lto
de

xtr
in 
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  10 (  4.17 a)   

 

 5.5    30 (  4.17 b)            

 5.5  

 

 

 

 

 4.17  contour plot   

a)  10  b)  30 

 

 

 

 

 

lot orange_1

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

5.10294
5.32083

5.53873

5.75662

5.97452

Plot orange_1

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

5.10294

a)                                            b)    
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   10 (  4.18 a)   

 6  -      

  30 (  4.18 b) 

 6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.18  contour plot  

a)  10  b)  30 

 

 

 

a)                                      b)    

ot astringen_1

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80
6.26703

6.37652

6.37652

6.48602

6.48602

6.59552

ot astringen_1

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

4.72001 5.00288

5.28574

5.56861

5.85148
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-  (pH) 

   10 

 4.19 a  pH  4   30    

4.19 b  pH  4  pH  

 

 

 4.19  contour plot -  (pH) 

a)  10  b)  30 

 

 

 

 

 

ot pH

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

3.85961

3.89686

3.93412

3.97137

ot pH

A: sugar

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80
3.89686

3.93412

3.97137

4.00863

a)                                         b)    
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 (b*)  

 4.20 

 (Stefanovich and Karel, 1982)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.20  contour plot  (b*) 

 0.55 

 

 

 

 

ot b*

A: sugar

C
: m

al
to

10.00 13.75 17.50 21.25 25.00

10.00

15.00

20.00

25.00

30.00

3.261

3.6175

3.97399
4.33049

4.68698

333

                           

C: 
ma

lto
de

xtr
in 
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 5.5  (  9-point hedonic scale) 

 

  
 Prinyawiwatkul et al. (1993, 1997)  5.5 

 extruded snack  5.4  nugget  

 Deshpande and McWatters (2008)  5.0 
  

 (  4.43 - 45  4.13 - 4.24) 

 Design-Expert  Adjusted R-square  

60%  (P < 0.05) 

 (optimization) 

  (Response surface methodology) 

 (P < 0.05)  

  4.21  

 ( )  Numerical   16.02 

 (%w/v)  0.77  (%w/v)    

 10.00  (%w/v)  

 

   

   

     

   

 16.00  (%w/v)  0.77  

(%w/v)  10.00  (%w/v) 
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 4.21   

   

 

 

 

 
  

    
 16.00 %w/v  0.77 %w/v  10.00 %w/v 

    3   
 4.46   

   1.49   8.33 

  10 
 (Hu, 1999) 

DESIGN-EXPERT Plot

Overlay Plot
Design Points

X = A: sucrose
Y = B: ascorbic

Actual Factor
C: maltodextrin = 10.00

Overlay Plot

A: sucrose

B
: a

sc
or

bi
c

10.00 13.75 17.50 21.25 25.00

0.30

0.43

0.55

0.68

0.80

ov erall liking: 5.5

orange: 5.5

f lav or: 5.5

sour: 5.5

sweet: 5.5

pH: 3.79

b*: 4.1 b*: 4.1
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 4.46  

 

 
*  

** 

( ) 

    

     1 6.4 ± 1.1 6.3 1.56 

     1 6.0 ± 1.6 6.1 1.67 

     1 6.0 ± 1.4 5.5 8.33 

     1 6.3 ± 1.0 6.2 1.59 

     1 7.1 ± 0.9 6.6 1.49 

    

     -  (pH) 1 3.59 ± 0.01 3.80 5.85 

    

      (b*)1 4.47 ± 0.02 4.30 3.59 

      ( ) 5.72 ± 0.67 5.89 2.97 

*  ±  (n=50) 

**   

  =    -   × 100 /  

1)  35  250  

 

 -
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 3.    

 

4.7  

 Threshold -   

 

    Threshold  3.17  

Threshold  3.35   4.47  4.48 

 

 4.47  Threshold -

 

Trained 

panel 

 ( / ) Threshold 

( / ) 
Log(Threshold) 

2.0 3.0 4.0 5.0 6.0 7.0 

1 0 + ++    2.5 0.40 

2 0 + + + + ++ 2.5 0.40 

3 0 + + + + ++ 2.5 0.40 

4 0 + + + ++  2.5 0.40 

5 0 0 + + + ++ 3.5 0.54 

6 0 0 + + ++  3.5 0.54 

7 0 0 0 + ++  4.5 0.65 

8 0 0 0 0 + ++ 5.5 0.74 

9 0 + + + + ++ 2.5 0.40 

10 0 0 + ++   3.5 0.54 

 Average 0.50 

Best estimated thresholds (10(Average)) 3.17 
 

0 = , + = , ++ =  
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 4.48  Threshold       

 

Trained 

panel 

 ( / ) Threshold  

( / ) 
Log(Threshold) 

2.0 3.0 4.0 5.0 6.0 7.0 

1 0 + + ++   2.5 0.40 

2 0 0 + + + ++ 3.5 0.54 

3 0 0 + + + ++ 3.5 0.54 

4 0 + + + ++  2.5 0.40 

5 0 + + + + ++ 2.5 0.40 

6 0 + ++    2.5 0.40 

7 0 0 + + ++  3.5 0.54 

8 0 0 0 0 + ++ 5.5 0.74 

9 0 0 0 0 + ++ 5.5 0.74 

10 0 0 + ++   3.5 0.54 

 Average 0.52 

Best estimated thresholds (10(Average)) 3.35 
 

0 = , + = , ++ =  

 

 

           

  3.17  
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 (Threshold)  

   (Triangle) 

 10    A  (  4 ) 

 0.01 (Best Odour Co., Bangkok, TH)  B  -

 3   3    

  (P < 0.05)  4.49 

 

 4.49    (Triangle) 

 

Triangle test  1  2  3 

 ( ) 10 10 10 

 ( ) 10 9 10 

 ( ) 0 1 0 

 Chi-square  

 
17.11* 12.01* 17.11* 

 Chi-square  

 (df=1)  

 95 

3.84 

 

 

  Chi-square  Chi-square   df=1 

  -

 3   (Threshold)  
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4.8    

 

 CRD 

  

4.50 - 4.52 

 4.50  aw   -  

 95  aw    
 

  
-   

 aw    
 aw   -

 
 

 4.50   

 
 

(%w/v) 
aw   

1 0.0 0.34 ± 0.00a 6.79 ± 0.13a 98.49 ± 0.22a 

2 0.3 0.33 ± 0.01a 5.97 ± 0.21b 98.36 ± 0.02ab 

3 0.5 0.31 ± 0.01b 5.97 ± 0.01b 97.77 ± 0.07bc 

4 1.0 0.32 ± 0.00b 5.89 ± 0.21b 97.43 ± 0.48cd 

5 1.5 0.32 ± 0.00b 5.82 ± 0.06b 97.31 ± 0.20cd 

6 2.0 0.31 ± 0.00b 5.78 ± 0.06b 96.86 ± 0.40d 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT). 
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 4.50 ( )  

 
 

(%w/v) 
-   

( ) 

1 0.0 3.76 ± 0.01d 12.30 ± 0.14 ns 

2 0.3 3.78 ± 0.01c 12.30 ± 0.14 ns 

3 0.5 3.80 ± 0.00b,c 12.30 ± 0.14 ns 

4 1.0 3.81 ± 0.01b 12.30 ± 0.14 ns 

5 1.5 3.82 ± 0.01a, b 12.30 ± 0.14 ns 

6 2.0 3.83 ± 0.00a 12.30 ± 0.14 ns 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  ns (non-significant) 

 (P  0.05). 

 

 4.50 ( )   (a*)  (b*)       

 95  (a*) 

  (b*)  

 

 4.50 ( )  

 L* a* b* 

1 24.59 ± 0.93 ns -1.23 ± 0.02f 5.02 ± 0.26a 

2 25.46 ± 0.56 ns -0.91 ± 0.10e 5.18 ± 0.15b 

3 25.71 ± 0.43 ns -0.70 ± 0.03d 3.58 ± 0.09c 

4 25.54 ± 0.25 ns 0.12 ± 0.04c 3.32 ± 0.16c 

5 25.17 ± 0.18 ns 0.44 ± 0.03b 2.98 ± 0.22d 

6 24.78 ± 0.17 ns 0.88 ± 0.04a 2.72 ± 0.13d 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT),  ns (non-significant) 

 (P  0.05). 

 



151 
 

 4.51 

 95  

 

 4.51  

   

 
 

(%w/v) 
a a 

1 0.0 0.3 ± 0.1e 0.5 ± 0.3c 

2 0.3 0.6 ± 0.3e 1.2 ± 0.7b 

3 0.5 1.2 ± 0.3d 1.3 ± 0.7b 

4 1.0 2.3 ± 0.6c 1.8 ± 0.7b 

5 1.5 3.7 ± 0.9b 2.6 ± 0.9a 

6 2.0 5.5 ± 0.7a 3.1 ± 0.9a 

 (P < 0.05) Duncan’s new Multiple Range Test (DMRT). 
aMean ± SD (n = 10)  150  

 

  (  4.52) 

 95  

 

 0.3     
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   4.53 – 4.54 

  

  (P < 0.05)  4.53   0.3  

0.5    90.00  

88.00  

 

 4.53  

   

 

 

   

 

( ) 

 

( ) 

 

(% w/v) 

0.0 46 4 50 

(92.00) (8.00) (100.00) 

0.3 45 5 50 

(90.00) (10.00) (100.00) 

0.5 44 6 50 

(88.00) (12.00) (100.00) 

1.0 12 38 50 

(24.00) (76.00) (100.00) 

1.5 5 45 50 

(10.00) (90.00) (100.00) 

2.0 0 50 50 

(0.00) (100.00) (100.00) 

 
148 152 300 

(49.33) (50.67) (100.00) 

 : 2= 191.661, P < 0.001 
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  (P < 0.05)  4.54   

0.3     90.00 

 
 4.54  

   

 

 

   
 

( ) 
 

( ) 
 

(% w/v) 
0.0 47 3 50 

(94.00) (6.00) (100.00) 
0.3 45 5 50 

(90.00) (10.00) (100.00) 
0.5 23 27 50 

(46.00) (54.00) (100.00) 
1.0 0 50 50 

(0.00) (100.00) (100.00) 
1.5 0 50 50 

(0.00) (100.00) (100.00) 
2.0 0 50 50 

(0.00) (100.00) (100.00) 

 
115 185 300 

(38.33) (61.67) (100.00) 
 : 2= 216.494, P < 0.001 

 

 4.50 – 4.54   0.3 

 (%w/v)  0.75  35  
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 4.    

 

4.9  

  

   16 

  0.77  10 

  0.3 

  

35  250  
 

 4.55  

  (n=200) 

  

 

 

 

 

 

 

 

 

 

 

6.3±0.9 

5.9±0.9 

5.8±0.7 

5.7±0.8 

6.1±0.8 

5.7±0.7 

5.8±0.8 

6.6±0.9 

6.5±0.8 

6.2±0.8 

 

 4.55   

  (6.3±0.9)      

 (5.9±0.9)  (5.8±0.7)  (5.7±0.8)  (6.1±0.8)  

(5.7±0.7)  (5.8±0.8)  (6.6±0.9)  (6.5±0.8) 

 (6.2±0.8) 
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 4.56-4.57 
 

 4.56   

 

 

   

 

( ) 

 

( ) 

 181 19 200 

(90.50) (9.50) (100.00) 
 

 

 4.57  

 

 

   

 

( ) 

 

( ) 

 149 51 200 

(74.50) (25.50) (100.00) 

 

 

 4.56  4.57 

 90.50  74.50  
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  4.58  

Wald,s Chi square  5.108 (P = 0.024)  4.552 (P = 0.033)   

odd ratio   

  odd ratio  0.416 2.268    

                   

1   0.416  

 1              

 2.268   

 

 4.58  

Hedonic attributes Beta 
Wald’s chi-

square 

Significant  

(P < 0.05) 

Odd ratio 

[Exp(B)] 

 0.406 1.592 0.207 1.501 

 -0.045 0.025 0.875 0.956 

 -0.240 0.387 0.534 0.787 

 0.480 1.429 0.232 1.616 

 0.589 3.249 0.071 1.803 

 0.272 0.542 0.462 1.313 

 -0.035 0.007 0.935 0.965 

 -0.306 0.883 0.347 0.736 

 -0.877 5.108 0.024 0.416 

 0.819 4.552 0.033 2.268 

 -3.112 0.555 0.456 0.045 

 = 90.50% 
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 = -3.11 +0.41  -0.04  -0.24  +0.48  +0.59

 +0.27  -0.04  -0.31  -0.88 * +0.82

* 

(  = 90.50%) 

 

  200   181 

 19   181   

179  2   98.90 

 90.50  4.59 

 

 4.59    

       

   

     

  2 17 10.53 

  2 179 98.90 

:  = (179+2)/(181+19) = 90.50% 

 

     

      

   

  

4.60  Wald,s Chi square  9.939 (P = 0.002)  14.373 (P = <0.001) 

  odd ratio 

    odd ratio  1.929 

2.902   

  

  1  

 1.929 2.902   
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 4.60  

Hedonic attributes Beta 
Wald’s chi-

square 

Significant  

(P < 0.05) 

Odd ratio 

[Exp(B)] 

 0.114 0.300 0.584 1.121 

 0.657 9.939 0.002 1.929 

 -0.330 1.383 0.240 0.719 

 0.166 0.380 0.537 1.180 

 0.127 0.265 0.607 1.135 

 0.256 0.947 0.330 1.291 

 0.228 0.661 0.416 1.257 

 0.202 0.809 0.368 1.224 

 -0.198 0.571 0.450 0.820 

 1.065 14.373 <0.001 2.902 

 -12.481 14.057 <0.001 <0.001 

 = 80.50% 

 

 

 

 = -12.48* +0.11  +0.66 * -0.33  +0.17  

+0.13  +0.26  +0.23  +0.20  -0.20  +1.07  

* 

(  = 80.50%) 

 

  200   149 

 51   149  

 142  7   95.30 

 80.50  4.61 
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 4.61  

 

   

     

  19 32 37.25 

  7 142 95.30 

:  = (142+19)/(149+51) = 80.50% 

 

 

4.10  

  4.62 

 

 4.62  

  

TPC1 6.54 ± 0.33  

TFC2 1.94 ± 0.12  

TN3 5.51 ± 0.93  

TA4 4.20 ± 0.05  

EC50
5                                      269.29 ± 38.39 

Catechin6 0.06 ± 0.02  

Epicatechin6 0.03 ± 0.01  

Resveratrol6 0.00010 ± 0.00001 

1) Total phenolic content ; mg GAE / g dry powder DW,  

2) Total flavonoid content ; mg Q / g dry powder DW,  

3) Total tannin ; mg Tannic acid / g dry powder DW,  

4) Total anthocyanins ; mg  / g dry powder DW,  

5) mg dry powder DW / mL DPPH,  

6) mg / g dry powder DW. 
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 4.62 ( )  

  

 (kcal/100g) 371.98 ± 0.20  

 (g/100g) 0.05 ± 0.00  

 (g/100g) 1.41 ± 0.00  

 (g/100g) 90.46 ± 0.05  

 (dietary fiber) (g/100g) 1.33 ± 0.01  

 (g/100g) 89.14 ± 0.05  

 (g/100g) 0.70 ± 0.01  

 (mg/100g) 110.85 ± 1.48  

 (mg/100g) 1731.00 ± 14.14 

 (mg/100g) 43.34 ± 4.65  

 (mg/100g) 1.55 ± 0.01  
 

 4.62 

   0.3 

  6.54±0.33          

 1   1.94±0.12    

 1   5.51±0.93 

 1   4.20±0.05  1        

 (EC50) 269.29±38.39  1 

     0.06±0.02, 0.03±0.01  

0.00010±0.00001  1   

 100    371.98 

±0.20        0.05±0.00,      

1.41±0.00, 90.46±0.05, 0.70±0.01, 89.14±0.05  0.70±0.01   

   110.85±1.48, 1731±14.14, 43.34±4.65  1.55±0.01  
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4.11  

  4.63 
 

 4.63  

  

 ( ) 5.97 ± 0.21  

 (aw) 0.33 ± 0.01  

 ( ) 98.36 ± 0.02  

-  (pH)1 3.78 ± 0.01  

 (L*)1 25.46 ± 0.56  

 (a*)1 -0.91 ± 0.10  

 (b*)1 5.18 ± 0.15  

 ( )1 12.30 ± 0.14  
1  35  250  

 

 4.63 

   0.32±0.01  

5.97±0.21  98.36±0.02  L* a*  b*  (35  

 250 )  25.46±0.56, -0.91±0.10  5.18±0.15  -  

3.78±0.01  12.30±0.14  
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4.12 

 

 (Specification) 

  

 

4.12.1  

1.  Vitis vinifera L. ( )  (Black queen) 

   .  .    

 -20  

2.  

 50  = 1:3  79.14   2  53  

 90  

    

  20 - 22   55 - 65 

3.

  1       

 10.10  0.21  

 (inlet)   (outlet)  145  80 

    20 - 22  

 55 - 65 

4.   Lonicera japonica Thunb. 

  9-11 

-  3.9-4.5  -20  

5.      

6.      

7.   0.11        

 16.00   0.77 

  10.00  

 (inlet)   (outlet)  145  80    

 20 - 22   55 - 65 
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4.12.2  

 35   0.75  

 

4.12.3  

1.   35    

 0.75  

2.     

3.    20 - 22     

 55 - 65 

 

4.12.4   4.62-4.63 

  250  


