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  4 

 

 
1.  
 

   60 

 

  1.1  

    

 (Patrick & Hoskins, 1974, pp. 84-95) 

 5.27  0.02%  9.06  

0.08%  4.1  60  1 

 2  

 

Bahamaniar & Ranjbar (2007) 

  

    Gomez & Veskosit (1973) 

 

(Fiber)   

Marshall & Wadsworth (1994)  7.3-8.3% 
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  1.2  

    4.1  2 

 60  123  2  1 

  

(Starch content) Navaserarttavisootr (2004)  

(Aromatic rices)  (Non-aromatic rices) 

 (p<0.05) 

 ( , 2539,  241-259) Hu-lin, You-

zhang, Xiao-e, Ying & Chung-yong (2007, pp. 289-294) 

 

 Juliano (1993)  (2539) 

 5  

 (  2.3)  

    Juliano (1993) 

 (2539)  4.1  60  3 

  105 

 15)  1  1  

 2  60  

 1  2  123  2 

 60 

  1.3  

   

 

 (Blakeney, 1979, pp. 343-353) 

 4.1  (  105)  
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 1) 

 

 

(p>0.05)  4.1 

 1 

 (2539)  

Cheaupun, Wongpiyachon & Kongseree (2005)  1 

 1 

 4  

    4.1 

 Cagampang, Perez & Juliano (1973)  3  

(  61-100 )  

 (  41-60 ) 

 (  26-40 ) 

 

  1.4  

   

 (Delwiche, McKenzie & Webb, 1996, pp. 257-263) 

 4.1 

 7.00 

 (p>0.05) 

 1  5.00 

 2 (p>0.05)  

 

1.00-2.00 

 Little, Hilder & 

Dawson (1958)  3  

 6-7)  (  
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 4.1   

  

(%) 

 

(%) 

 

.)  

 (n = 50)     

  1.  105 (n = 31) 7.01  0.71bc 16.09  1.12ef 79.06  4.16a 7.00  0.00a 

  2.  15 (n = 19) 6.97  0.83bc 16.03  1.46ef 73.63  5.76ab 7.00  0.00a 

 (n = 3)     

  1.  (n = 1) 6.49  0.01c 18.25  0.22cd 71.50  0.72ab 7.00  0.00a 

  2.  1 (n = 1) 8.13  0.03ab 16.60  1.11de 77.50  0.17a 7.00  0.00a 

  3.  1 (n = 1) 6.92  0.01bc 14.35  0.07f 71.00  1.04ab 5.00  0.00b 

 (n = 2)     

  1.  2 (n = 1) 7.57   0.02bc 19.65  0.50c 59.50  0.73cd 5.00  0.00b 

  2.  60 (n = 1) 9.06  0.08a 22.45  0.34b 55.00  1.45d 4.00  0.00c 

 (n = 5)     

  1.  1 (n = 1)  7.52  0.16bc 26.60  0.29a 65.50  0.58bc 2.00  0.00d 

  2.  2 (n = 1) 5.27  0.02d 28.65  0.23a 39.00  1.14e 1.00  0.00e 

  3.  123 (n = 1) 6.85  0.04bc 27.25  0.13a 41.00  1.24e 1.00  0.00e 

  4.  2 (n = 1) 7.02  0.13bc 26.65  0.26a 41.25  0.96e 1.00  0.00e 

  5.  60 (n = 1) 6.94  0.01bc 28.55  0.13a 41.50  1.00e 1.00  0.00e 

a,b,c  (p<0.05) 
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 4-5)  

 1-3)  2.5  

   Nishi, Nakamura, Tanaka & Satoh (2001) 

 Umemoto, 

Yano, Satoh & Shomura (2002) 

 

Nakamura, Sakurai, Inaba, Kimura, Iwasawa & Nagamine (2002) 

 Harushima, 

Yano, Shomura, Sato, Shimano, Kuboki, Yamamoto, Lin, Antonio, Parco, Kajiya, Huang, 

Yamamoto, Nagamura, Kurata, Khush & Sasaki (1998)  

Amylopectin-synthesizing enzyme 

 

  1.5  

   

 (Meadows & Barton II, 2002, pp. 

563-566)  4.2  4.1 
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   4.2   

/   

(RVU) 

 

(RVU) 

 

(RVU) 

 

(RVU) 

 

(oC)  (RVU) 

 (n = 50)       

  1.  105 (n = 31) 1,842  11b 1,103  7a -763  17e 3,045  14e 84.46  0.90de 1,660  9e 

  2.  15 (n = 19) 1,753  12b 1,062  6ab -595  11e 3,000  28e 84.84  0.55cd 1,612  8e 

 (n = 3)       

  1.  (n = 1) 2,180  2a 1,060  1ab 128  3d 3,165  3de 84.45  0.50cd 1,949  2d 

  2.  1 (n = 1) 2,073  1a 1,025  2ab 221  1d 3,436  2bcd 85.55  0.19cd 1,953  2d 

  3.  1 (n = 1) 2,036  3a 1,083  4ab 161  2d 3,236  2cde 88.50  0.20ab 1,869  2d 

 

(n = 2) 
      

  1.  2 (n = 1) 1,247  1d 976  4b 932  1c 3,561  1abc 86.25  0.23c 2,145  1c 

  2.  60 (n = 1) 1,545  3c 967  2b 997  2c 3,546  5abc 88.30  0.96ab 2,146  4c 

 (n = 5)       

  1.  1 (n = 1)  1,038  7e 484  3c 1,036  4b 3,679  4ab 83.25  0.17e 2,465  7a 

  2.  2 (n = 1) 934  3e 464  5c 1,464  2b 3,742  1ab 89.50  0.57a 2,313  2b 

  3.  123 (n = 1) 958  2e 512  2c 1,887  2a 3,755  2ab 83.30  0.11e 2,444  1a 

  4.  2 (n = 1) 983  4e 417  4cd 1,401  4b 3,629  17ab 87.82  1.65b 2,311  6b 

  5.  60 (n = 1) 1,062  2e 334  5d 1,559  2b 3,856  6a 86.30  0.29c 2,442  2a 

a,b,c  (p<0.05) 
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 4.1    

            
 

    1.5.1  

    

 1  1  

 Meadows & Barton-II  

(2002)  Patindol, Gu & Wang (2009) 

 95oC 

 

   1.5.2  

    

 

(Park, Kim & Kim, 2001, pp. 151-156) 

 (p>0.05)  

 (p<0.05)  Meadows & Barton-II  (2002)  Patindol, 
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Gu & Wang (2009) 

 4.2 

   1.5.3  

    

 (Gravois & Webb, 1997, pp. 

25-29)  4.2  4.1 

 123 

 

 4.2 

 (p<0.05) 

 

   1.5.4  

    

  

, 2544,  3-4)  4.2  4.1 

 

 (p<0.05) 

 (p>0.05)  

   1.5.5  

    

 (Perdon, Siebenmorgen, 

Mauromoustakos, Griffin & Johnson, 2001, pp. 205-209) 
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 89.50  0.57oC  83.25  0.17oC 

 1  123 

   1.5.6  

     4.2 

 4.1  

 (p<0.05) 

 (p<0.05) 

 

  

2. 

 
 

  

 10,000-4,000 cm-1 (1,100-2,500 ) 

 (Orginal spectrum)  

 4.2 

 log 1/R  

 Osborne, 

Martens, Thomson  & Fearn (1993) 
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 4.2   (Original spectrum) 

 10,000-4,000 cm-1  

 

   4.3  (Peak) 

 6,900 cm-1  1,450  (The 

stretch of O-H molecular bonds, first overtone)  5,150 cm-1 

 1,940  (The stretch of O-H bonds and O-H deformations) (Workmand 

& Weyer, 2008, p. 239-262)  

(Amides) -  (C-H functional groups)  

6,667-6,536 cm-1  1,500-1,530  (N-H stretching first 

overtone) 4,878-4,854 cm-1  2,050-2,060  (N-H stretching 

combinations) 4,613-4,857 cm-1  2,168-2,180  (N-H bend 

second overtone and C=O stretch/N-H in-plane bending/C-H stretch combination bands 

Wavenumber (cm-1) 

Lo
g 

1/
R 
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(Osborne, Martens, Thomson  & Fearn, 1993, pp. 77-83; Workmand & Weyer, 2008, p. 

239-262) 

  

 (O-H function groups)   

5,102 cm-1 (1,960 )  4,761 cm-1 (2,100 ) 

 (O-H stretching)  (O-H bending) 

 (C-O stretching combination) (Osborne, Martens, 

Thomson  & Fearn, 1993, pp. 77-83; Workmand & Weyer, 2008, p. 239-262)  

Parker (1983)  CH2  

5,128 cm-1 (1,950 ) 4,063 cm-1 (2,461 )  4,019 cm-1 (2,488 

)  

   4.2 

 

  4.3-4.7  4.3 

 6,900 cm-1

O-H  13-14%  

5,102, 5,128, 4,761, 4,063  4,019 cm-1  O-H, C-O  C-H 

 (Osborne, Martens, Thomson  & Fearn, 1993, pp. 77-83; Workmand & Weyer, 

2008, p. 239-262)  
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 4.3    

 

 
 

 4.4   

 

 

Wavenumber (cm-1) 

Lo
g 

1/
R 

Wavenumber (cm-1) 

Lo
g 

1/
R 
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 4.5   

 

 
 

 4.6  

 

 

Wavenumber (cm-1) 

Lo
g 

1/
R 

Wavenumber (cm-1) 

Lo
g 

1/
R 
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 4.7  

 
 

   4.4  4.5 

 

 

 4.6  

4.7 

 (Osborne, Martens, Thomson  & Fearn, 

1993, pp. 77-83)    

 

 

 

   

Wavenumber (cm-1) 

Lo
g 

1/
R 
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3. 

 
 

  

 60  4 

 (  x) 

 (

 Y) 

 PLSR 

 (R) 

 PLSR (SEC) 

 

  3.1    

     X) 

  Y)  PLSR 

 

 6 

 PLSR (SEC)  Bias  RPD  0.87, 0.95, -0.07  

2.84   4.8  4.3 Parker (1983) 

 1 (Amide I band)  1,660 cm-1  

(Aromatic amino acids)  1,613 cm-1  

Himmelsbach, Barton-II, McClung & Champagne (2001) 

 200-1,795 cm-1  2,050-3,570 cm-1 

 (NIR-FT/Raman spectroscopy)    
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 4.8   (Reference value) 

 (Predicted value)  PLSR 

 (Calibration set;    )  (Validation 

set;    ) 
 

     Osborne, Martens, Thomson & Fearn (1993)  

4,878 cm-1  4,587 cm-1  Navasearttavisoort (2004) 

 5,882 cm-1 5,050 cm-1  4,761 cm-1

 5,882 

cm-1  C-H  5,050 cm-1

 4,761 cm-1  

PLSR  10,000-400 cm-1   

    3 

 

 10,000-400 cm-1

 SEP  1.51% 

 

     Slope                  Offset                 RMSE                R-Square 
    0.681797               1.0669e+03             0.24329                  0.8717913 
    0.6688405             1.108e+03               0.23156                  0.8849477 

Reference Y (PTN, Factor-6) 

Pr
ed

ic
te

d 
Y 

(P
TN

, F
ac

to
r-6

) 
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 Iwamoto, Suzuki, Kongseree, Uozumi & Inatsu (1986) 

 10,000-400 cm-1

 Multiple Linear Regression (MLR)  SEP  0.219% Barton, 

Windham, Champagne & Lyon (1998) 

 10,000-400 cm-1

 SEP  0.25  0.18%  Choi & Kim (2000) 

 Dongjin, Jlpum  Chucheong 

 (Single grain kernel)  10,000-400 cm-1

 

SEP  0.479% 

 (Bulk 

volume)   

  3.2  

    CH2 

 2,905  2,490 cm-1 (Himmelsbach, Barton-II, McClung & Champage, 

2001, pp. 488-492)  Parker (1983) 

 CH2  5,128 cm-1, 4,063 cm-1  4019 cm-1 

 2  8,620-5,128 cm-1  7,142-4,012 cm-1 

 PLSR     

    4.3  4.9 

 7,142-4,012 cm-1 

 5  SEC  0.90  1.27% 

 5,128, 4,063  4019 cm-1 

 C-H    
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 4.3   PLSR 

 
1) 

  

(cm-1) 

  

(Calibration set)  (Validation set) 

Bias2) RPD3) 

SEC R2
cal SEP r2

val 

 (%) MSC 10,000-4,000 6 0.95 0.87 1.51 0.88 -0.07 2.84 

 (%) SNV 7,142-4,012 5 1.27 0.90 1.47 0.87 0.23 2.64 

 ( .) SNV 10,000-4,000 4 5.01 0.82 5.66 0.78 0.26 1.87 

 SNV 10,000-4,000 7 0.52 0.91 0.67 0.86 -0.03 2.69 

: 1)  MSC  SNV  

         2)  Bias   

         3)  RPD   SEP      
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  Tsuchikawa, Murata, Kohara & Mitsui (2003) 

 7,042  6,775 cm-1  (Amorphous 

regions)  

 

 

 
 

 4.9   (Reference value) 

 (Predicted value)  PLSR 

 (Calibration set;    )  (Validation 

set;    ) 
 

   

 PLSR  7,142-4,012 cm-1

 SEP, Bias  RPD 

 1.47%, 0.23%  2.64  Delwiche, Bean, Miller, Webb & Williams (1995) 

 1,100-2,498 

 PLSR  SEP  Bias  1.04%  -0.077% 

 Delwiche, McKenzie & Webb (1996) 
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 1,100-2,500  PLSR 

 0.887  SEP  Bias  1.33  -0.01%  

   Barton, Windham, Champagne & Lyon (1998) 

 1,100-1,700  PLSR 

 SEC  0.55 

 SEP  0.23% 

 Shimizu, Katsura, Yanagisawa, Inoue, Withey, Cowe, Eddison, Blakeney, Kimura, 

Yoshizaki, Okadome, Toyoshima & Ohysubo (1999) 

 833-1,050  PLSR 

 R2  0.740  SEP  1.25% 

 13.2-20.7%  

    Bao, Cai & Corke (2001) 

 400-2,500  

 PLSR  R2  0.960 

 SEP  Bias  1.39  -0.17% 

  

  3.3  

   

 10,000-4,000 cm-1  4 

 SEC  0.82  5.01 

 4.3  

 4.10)  SEP, Bias  RPD  5.63 , 0.23  

1.66 

 Bao, Cai & Corke (2001) 
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 0.81  SEP 

 7.12  

 

 

 
 

 4.10   (Reference 

value)  (Predicted value)  PLSR 

 (Calibration set;    ) 

 (Validation set;    ) 
 

  3.4  

    

 10,000-4,000 cm-1  

7  SEC  0.91  0.52 

 (Units on a 1-7 visual scale)  

4.3  4.11  

 SEP, Bias  RPD  0.67 

 -0.03  2.69  
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 4.11  

 (Reference value)  (Predicted value)  

PLSR  (Calibration set;    ) 

 (Validation set;    ) 
 

   

 Delwiche, McKenzie & Webb (1996) 

 1.5% 

 1,140-1,800  PLSR 

 6  SEP  

Bias  0.822, 0.43  -0.08  Wadsworth (1994) 

 1,930  1,450 

 Srisawas (2009) 

 (Smoothing) 

 19  0.806 
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 SEP  0.545  19 

 

  3.5  

   3.5.1  

    

 10,000-4,000 cm-1 

 5  SEC  0.78  115 RVU 

 4.4  4.12 

 SEP, Bias  RPD  137 RVU, -11.90 RVU  

1.89     

    3.5.2  

    

 10,000-4,000 cm-1

 5 

 SEC  0.92  60 RVU  4.4  

4.13  SEP, 

Bias  RPD  71 RVU, -7.15 RVU  2.87    
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   4.4   PLSR 

 
1) 

  

(cm-1) 

  

(Calibration set)  (Validation set) 

Bias2) RPD3) 

SEC R2
cal SEP r2

val 

 (RVU) SNV 10,000-4,000 5 115 0.78 137 0.71 -11.90 1.89 

 (RVU) MSC, SNV 10,000-4,000 5 60 0.92 71 0.89 -7.15 2.87 

 (RVU) MSC, SNV 10,000-4,000 4 219 0.91 245 0.88 33.47 2.88 

 (RVU) Sav.Gol_2nd derv4) 10,000-4,000 5 69 0.93 141 0.71 0.84 1.48 

 

(RVU) 

MSC + 

Sav.Gol_2nd derv5)  

10,000-4,000 5 0.45 0.93 0.86 0.74 -0.11 1.80 

          

: 1)  MSC  SNV  

         2)  Bias  

         3)  RPD  SEP  

         4) Sav.Gol_2nd derv (Savitzky Golay 2nd derivative, 10 points averaging, 2nd polynomial order)    

  5) MSC + Sav.Gol_2nd derv (Multiplicative Scatter Correction + Savitzky Golay 2nd derivative, 10 points averaging, 2nd polynomial order) 
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 4.12   (Reference  

   value)  (Predicted value)  PLSR 

 (Calibration set;    )  

    (Validation set;    ) 

 

 
 

 4.13    

   (Reference value)  (Predicted value)  PLSR 

 (Calibration set;    ) 

 (Validation set;    ) 
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   3.5.3  

    

 10,000-4,000 cm-1

 4 

 SEC  0.91  219 RVU  4.4  

4.14  SEP, 

Bias  RPD  254 RVU, 33.47 RVU  2.88  

 

 

 
 

 4.14    

   (Reference value)  (Predicted value)  PLSR 

 (Calibration set;    ) 

 (Validation set;    ) 
 

   3.5.4  

    

 10,000-4,000 cm-1

 5  
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 SEC  0.93  69 RVU  4.4  

4.15  SEP, 

Bias  RPD  141 RVU, 0.84 RVU  1.48  

 

 

 
 

 4.15   (Reference 

value)  (Predicted value)  PLSR 

 (Calibration set;    ) 

 (Validation set;    ) 
 

   3.5.5  

    

  10,000-

4,000 cm-1  5 

 SEC  0.93  0.45 RVU  4.4 

 4.16  

 SEP, Bias  RPD  0.86 RVU, -0.01 RVU  1.80  
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 4.16    

   (Reference value)  (Predicted value)  PLSR 

 (Calibration set;    ) 

 (Validation set;    ) 
 

   

 Radhika Reddy, 

Subramanian, Ali & Bhattacharya (1994) 

 Shimizu, Yanagisawa, Okadome, 

Yoyoshima, Andren, Kimura & Ohtsubo (2001) Bao, Cai & Corke (2001)  Meadows & 

Barton II (2002) 

 

    PLSR 
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4.   

 
 

   (Aromatic rice varieties) 

 (Non-aromatic rice varieties) 

 

 (Cheaupun, Wongpiyachon & Kongseree, 2005) 

 (Aroma) 

 PCA  

PLS-DA 

 Full cross validation 

  4.1 

 

   

 (  4.1  4.2) 

 

 60  4  2  

(Principal Components; PCs)  4.5 

 (Variance)  

Eigenvalue  

 Eigenvalue  Factor loading 

 Cumulative 

 ( , 2551,  4-19)  
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 4.5  

 

  

PC1 PC2 

  0.96 

 0.93  

 -0.97  

 -0.87  

   

    -0.86  

    -0.93  

    0.96  

    0.80  

    0.94  

Eigenvalue 7.42 1.08 

Variance (%) 67.46 9.83 

Cumulative (%) 67.46 77.29 

 

    4.5  1 (PC1)  2 (PC2) 

 9  67.46%  9.83%  

 9  77.29% 

 1  8 

 2  1  

    4.17  (PCA score)  2 

 4 
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 15 

 1  

 

Theanjumpol, Ripon, Karaboon, Suwapanit, Thanapornpoonpong & Vearasilp (2005) 

 1  105 

 15 

 1  105 

 15  105  1  

 

 

 
 
 

 4.17   1 (PC1)  2 (PC2) 

 

 

 

 

A 
B 

C 

D 

A = Hom Mali rice 
B = Low amylose rice 
C = Intermediate amylose rice 
D = Hihg amylose rice 
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  4.2 

 

   

 10,000-4,000 cm-1  

4.19-4.23  4.19 

 (Score plot)  2 

 99% 

 1  

 1 

 (  4.1  4.2) 

 1 

 

   

 1  4.19, 4.20  4.21 

 4 
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 4.22  4.23  

 

 
 

 4.18   

 

 

 
 

 4.19   

           

PTT1 
CNT1 

SPR 

J = Hom Mali rice 
L= Low amylose rice 
I= Intermediate amylose rice 
H= High amylose rice 

CNT1 

J = Hom Mali rice 
L= Low amylose rice 
I= Intermediate amylose rice 
H= High amylose rice 



  
107

 

 

 

 
 

 4.20   

           

 

 
 

 4.21   

           

CNT1 

J = Hom Mali rice 
L = Low amylose rice 
I = Intermediate amylose rice 
H = High amylose rice 

CNT1 

J = Hom Mali rice 
L = Low amylose rice 
I = Intermediate amylose rice 
H = High amylose rice 
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 4.22   

           

 

 

 
 

 4.23   

           

           

J = Hom Mali rice 
L = Low amylose rice 
I = Intermediate amylose rice 
H = High amylose rice 

J = Hom Mali rice 
L = Low amylose rice 
I = Intermediate amylose rice 
H = High amylose rice 
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  4.3 

 

   

 

 PLS-DA 

 1 

 0 

 PLS-DA 

 0.5  

1.5  -0.5  0.5 

 

   

  PLS-DA  4.6 

 

10,000-4,000 cm-1  5  

 R2
cal, RMSEcal,  R2

val, RMSEval  (Correctly 

classified)  0.79, 0.17, 0.69, 0.21  66.46%  

   

 10,000-4,000 cm-1

 5  R2
cal, RMSEcal, R

2
val, RMSEval

 (Correctly classified)  0.78, 0.17, 0.66, 0.22  

65.61%  
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 4.6   

                  

   

R2
cal R2

val RMSEcal RMSEval Correctly 

classified (%)  

 

No pre-processing1) 

 

126 3 0.70 0.64 0.20 0.22 58.88 

MSC2) 

 

126 5 0.78 0.66 0.17 0.22 65.61 

SNV3) 

 

126 5 0.79 0.69 0.17 0.21 66.46 

Sav.Gol_2nd derv4) 

 

126 3 0.67 0.56 0.21 0.25 56.36 

MSC + Sav.Gol_2nd 

derv5) 

126 3 0.68 0.59 0.21 0.24 57.20 

MSC + Sav.Gol_2nd 

derv6) 

126 3 0.69 0.60 0.20 0.24 58.04 

 1)   

  2)   

  3)   

  4)   

  5)   

  6)   

       

 

   

 4.24-4.29 
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 4.24   PLS-DA  

           

 

 

 
 

 4.25   PLS-DA  
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 4.26   PLS-DA  

           

 

 
 

 4.27   PLS-DA  
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 4.28   PLS-DA  

           

           

 

 
 

 4.29   PLS-DA  
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