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1.  
  

  

 (Chikuba, Watanabe, Sugimoto, Manabe, Sakai & 

Taniguchi, 1985, pp. 51-60; Ohtsubo, Toyoshima & Okadome, 1998, pp. 203-206) 

 

(Bhattacharya, Sowbhagya & Indudhara Swamy, 1982, pp. 564-569) 

 

 (Juliano, 1985, p. 443-524; Wadsworth, 1994, 

p. 139-176) 

  1.1  

   

 4  (Albumin)  (Globulin) 

 (Prolamin)  (Glutelin)  

 ( , 2547,  13  Juliano, 1985, p. 443-524) 

 Wadsworth (1994) 

 8.3 – 

9.6%  7.3 – 8.3% 

 

    (Protein bodies) 

 3  (Crystalline)  

 

 (Protein 

matrix)  



  
7

 (Protein fibrils)  , 2547, 

 165) 

  1.2  

    (Amylose)  

(Linear chain)  (Starch)  (Endosperm) 

 (Non-waxy milled rice)  8 – 37% 

  (Juliano, Albano & 

Cagampang, 1964, pp. 234-241; Juliano, Cagampang, Cruz & Santiago, 1964, pp. 275-

286)  1,4-  ( -

1,4-glucosidic linkage)  (Branched chain)  1,6-

 ( -1,6-glucosidic linkage)  3 – 4  

1,000 – 1,100  250 – 320  3.4 – 4.0 

 31 – 49% ( , 2547,  158  Champagne, 1996, pp. 833-

838)  2.1 
 

 2.1  

 

 (%)    

 

(%) 

 73 1,000 250 4.0 49 

 81 1,100 320 3.4 31 

:  (2547,  158)  Champagne (1996, pp. 833-838) 
 

    (Helix) 

 2.1 

 (Retrogradation) 

 (Scienceinschool, 2002, ; , 2545,  12) 
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 2.1   

: Scienceinschool (2002, ) 

 

    

(Amylopectin) 

 96%  1,4-

 4%  1,6-  4,700 – 18,500 

 18 – 21  220 – 1,000 

 12 – 14  5 – 6 ( ,  159  

Champagne, 1996, pp. 833-838)  2.2   
 

 2.2  

 -

 (%)    

 

(%) 

 4,700 21 220 14 6 

 12,800 19 670 13 5 

 18,500 18 1,000 12 5 
 

:   (2547,  158)  Champagne (1996, pp. 833-838) 

 
    

 2.2  
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 (C-chain) 

 (B-chain) 

 (A-chain)  104 – 105

 1.0  22 – 25 

 (Cluster, cl)  (Crystalline region) 

 100%  

80 – 90%  10 – 20% ( , 2547, 

 159) 
 

 

 
  

 2.2   

: Scienceinschool (2002, ) 
 

   

 2.3 

 2.3  

  (% ) 

Juliano (1993)  (2539) 

 0.0 – 5.0 0.0 – 3.0 

 5.1 – 12.0 4.0 – 11.0 

 12.1 – 20.0 12.0 – 19.0 

 20.1 – 25.0 20.0 – 25.0 

 > 25.0 26.0 – 34.0 
 

: Juliano (1993, p. 23);  (2539,  241-259) 
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  1.3  

   

 

  (Gelatinized starch) 

 (Blakeney, 1979, pp. 

343-353) Cagampang, Perez & Juliano (1973) 

. 1972 

 ( Brabender 

viscoamylograph) 

 3  (61 – 100 

)  (41 – 60 )  (26 – 40 ) 

 3   2.4  2.3 

 
 2.4  

  ( ) 

 26 – 40 

 41 – 60 

 61 - 100 
  

: Cagampang, Perez & Juliano (1973, pp. 1589-1594) 
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( )                                     ( )                              ( )  

 
 2.3  ( )  ( )  ( )  

                  

: Cagampang, Perez & Juliano (1973, pp. 1589-1594) 

 
     (2547)  Varavinit, Shobsngob, Chinachoti & Naivikul 

(2002)  

6%  (28%)  (18%)  (5%)  -18oC 

 22  3  

30 60  90oC  (Syneresis 

value) 

 90oC 

 60  30oC 
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 Cagampang, Perez 

& Juliano (1973)  6 

 Kongseree, Khowchaimaha & Natesomranh (1985 ) 

 1 

 Perez (1979)  100  

 50 – 60 

 

   Perez & Juliano (1979)  

 – 

 (Amylose – fatty acid complex) 

 Cagampang, 

Perez & Juliano (1973) 

 5%  

  1.4  

   

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

(1958) 

 6   1.7%  23 

 (Trained 

inspector)  1  7  1 

 2  3 

 7  
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   Juliano, Bautista, Lugay & Reyes (1964) 

 3  2.5 
 

 2.5    

 

 

(oC)  

6 - 7  65  

4 - 5 70 – 74  

1 - 3 75 - 79  
  

: Little, Hilder & Dawson (1958, pp. 111-126) 
 

   Nishi, Nakamura, Tanaka & Satoh (2001) 

 (Fine structure amylopectin) 

 Umemoto, Yano, Satoh & Shomura (2002) 

  7 – 10) 

  12 – 21)  Prathepha, Daipolmak, 

Samappito & Baimai (2005)  

(Glutinous rice)  (Non-glutinous rice) 

 50 

 

(2545)  6 – 7 

 1 – 3 

   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 
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  1.5  

    

 85% 

 

 ( , 2547,  181) 

   

 (Critical 

temperature range)  (Irreversible process) 

 (Gelatinization) 

 (Birefringence)  

 68 – 78oC  (  

, 2550,  51-52) 

  1.6  

   

 (Sensory evaluation) 

 (Setback viscosity) 

 (Meadows & Barton II, 2002, pp. 563-566) 

  

  (2550) 

 (Profile) 

 (Rapid Visco Analyzer, RVA) 

 4  
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    a :   

 

    b : 

 

    c :   

 (Cross-linked  Cross-bonded) 

 

    d :    

  50 – 80% 

    

  (Peak viscosity) 

 (Final viscosity) 

 (

 , 2550,  48) 

 

2.  
 

   

 

,  180) 

 

  2.1  

   

 (2545) 
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  (2547) 

 

 

  

   Chrastil (1990) 

 (Oryzanin) 

 

 (Cysteine) 

  Ramesh, Bhattacharya 

& Mitchell (2000) 

 

  2.2  

   

 

 (Elongation ratio) 

 (Juliano, 1985, p. 443-524) 

 (Ramesh, Bhattacharya 

& Mitchell, 2000, pp. 449-460; , 2545,  12) 

   Singh, Kaur, Sodhi & Sekhon (2005)  

 (Cohesiveness)  (Chewiness) 

 Juliano, Villareal, Perez, Villareal, Takeda & Hizukuri (1987) 
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 Ong & 

Blanshard (1995) 

  

(2545)  3 

 2.6 
 

 2.6  

  

(%) 

 

 

 

105 13 – 18    

15 14 – 17    

1  14 – 18    

17 24 – 28  –    

23 22 – 26    

1 27 – 30  –    

90 27 - 30  –    

:  (2545,  14) 
 

    (2544) 

 (Differential 

Scanning Calorimeter; DSC)  60  105 

 

  2.3  

   

 

 (  2.3  2.6)  24 – 28% 
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 (Cagampang, Perez & Juliano, 1973, pp. 1589-1594) 

   Sowbhagya, Ramesh & Bhattacharya (1987) 

 

(Setback viscosity) 

 Khush, Paule & Dela Cruz (1979) 

 Halick & 

Kelly (1959) 

 

  2.4  

   

 (Delwiche, McKenzie & Webb, 1996, pp. 257-263; Little, Hilder & Dawson, 1958, 

pp. 111-126)  (2545) 

  2.4 

 

 

 
 

 
 2.4  

 :  (2545,  105) 
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  2.5  

   

 

 (Cuevas, Daygon, Corpuz, Nora, Reinke, Waters & Fitzgerald, 2010, 

pp. 1-3; , 2547,  181) 

 3  

 65oC, 70 – 74oC  75oC (  

, 2545,  13)  2.7 
 

 2.7 

 

 

(oC) 

  

 

) 

 65  6 – 7 12 – 17 

70 – 74  4 – 5 17 – 24 

 75  1 - 3 > 24 
 

 :  (2545,  13)  
 

  2.6  

   

 (Meadows & Barton II, 2002, pp. 563-566) 

 3  (Peak 

viscosity)  (Holding strength/hot paste viscosity) 

 (Final/cool paste viscosity) 

 95oC 

 95oC 

 50oC 
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 (Gravois & Webb, 

1997, pp. 25-29) 

    (Breakdown viscosity) 

 (Bollich, Webb, Marchetti & Scott, 1980) 

 

 (Gravois & Webb, 1997, pp. 25-29) 

 

 ( , 

2544,  1) 

 
3.  
 

  

 

  3.1  

   

 (Kjeldahl method)  (Dumas combustion method) 

 The Association of Analytical Communities (AOAC)  

American Association of Cereal Chemists (AACC) 

 

   3.1.1  

    

 

(Amino acid)  (Amino group)  2.5 
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 (

, 2008,  42-45)  

     4  

 1  (Digestion) 

 (NH4)2SO4

 (CuSO4)  (Se)  (HgSO4)  (HgO) 

 (FeSO4)  2  (Distillation)  

(NaOH) 

 3  

(Titration) 

 4 

 (Kjeldahl 

factor)  16%  ( , 

2008,  42-45) 

 

 
 
                                                  H 
 
 
 
 
 
 
 
 

 2.5  

 :  (2008,  42-45) 
 

    

 5.95  

16.8% (Juliano, 1985, p. 443-524)  

H 
 

H         N 

O 
 
C         OH 

R (side chain) 

C 

Amino group Carboxylic group 
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    (%) =  (A – B) x C x 0.014 x 100 

         D    

 

    (%)   = N (%) x 6.25 

 

    A  0.1  

      

         B  0.1  

     (Blank) 

         C  

         D  ) 

    

 

 , 2553,  13-16) 

   3.1.2  

     

 

 

 850oC  

99.99%  

(Combustion gases)  

 (Carrier gas) 
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Reduction tube 

 (Drying agent)  (Diphosphorus 

penoxide)  (Magnesium perchlorate) 

 

 (Lead chromate)  (Silver wool) (  

, 2553,  13-16)  2.6 

 
 
 Combustion furnace: 

 

  CnHmNx + aO2                     >  nCO2 + 0.5mH2O + xN-Oxides 

 

 Reduction furnace: 

 

  N-oxides                         N2 

  

       
 2.6  (Dumas combustion) 

:  (2553,  13-16) 
 

    

 Thermal Conductivity Detector (TCD)  

 ( , 2553,  13-16)  2.8 

 

 

990o

Catalyst 

650o

Catalyst 
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 2.8  

  

 5.83 

 5.70 

 5.70 

 5.95 

 5.83 

 5.71 

 6.38 
 

:  (2553,  13-16) 
 

    Williams, Sobering & Antoniszyn (1998) 

 1.5 – 2.0% 

 

 2.9 
 

 2.9  

   (%) 

  

Dairy product Drymilk 5.54 5.58 

 Chocolate milk shake 0.56 0.56 

Cereal Corn 1.41 1.43 

 Wheat 2.36 2.37 

Animal feeds Soya bean meal 7.98 8.00 

 Hog feed 3.38 3.39 
 

: Williams, Sobering & Antoniszyn (1998, pp. 1-14);    

 (2553,  13-16) 
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      2 

 ( , 

2008,  42-45) 

  3.2  

    2 

 2 

 

   3.2.1  (Colorimetric method) 

     

(Amylose-iodine complex) 

 (Spectrophotometer)  620 

-

 (Juliano, 1971, pp. 334-340, 360; Keush, 2011; Virginia university, 2011) 

 2.7  
 

 

                   
)                                                               ( ) 

 
 2.7  ( ) 

 

: Keush (2011); Virginia university (2011) 

 

 

 

-  
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(Dipole)  (D-glucose) 

 (Dipole moment) 

 6 

 1  (Keush, 2011; Virginia university, 2011) 

    

 1,4-

-

 (Gibson, Solah & McClearyt, 1997, pp. 111-119) 

   3.2.2  (Differential 

scanning calorimeter; DSC) 

    

 ( , 

2550,  256) 

   3.2.3  High Performance Size Chromatography (HPSEC) 

    

 (Molecular weight) 

 (Packing material) 
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 (

, 2550,  256) 

   3.2.4  Concanavalin-A (Con A) 

     Concanavalin-A 

 Concanavalin-A  Gibson, Solah & 

McClearyt (1997)  Concanavalin  

-D-glucopyranosyl  D-mannopyrannosyl 

 (Non-reducing sugar) 

 

 GOPOD  510  

     Dimethyl sulphoxide 

(DMSO)  100oC  15  95% 

 Concanavalin-A  

2000g  5 

 Sodium acetate buffer  3  

(Water bath)  5  

 40oC  5  Amyloglucosidase + -amylase 

enzyme  0.1  40oC  30   2000g 

 5  1  GOPOD reagent  4  

 40oC  20   510 

 

    (%)  =  Absorbance Con A Supernatant x 6.15 x 100 

        Absorbance Total starch aliquot    9.2     1 
 

               =  Absorbance Con A Supernatant x 66.8 

        Absorbance Total starch aliquot  
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  3.3  

   

 

 95% 

 0.2  (Thymol blue) 

 

20  

(Cagampang, Perez & Juliano, 1973, pp. 1589-1594) 

  3.4  

   

 (Glutinous rice) 

 (Non-glutinous)  1.7%  23 

 (Prathepha, Daipolmak, Samappito & Baimai, 2005, pp. 69-75) 

 (Visual 

observation)  1 – 7 (  

1  7 

) (Little, Hilder & Dawson, 1958, pp. 111-126; , 

2545,  106) 

  3.5  

   

 , 

2547,  181 – 184) 

   3.5.1  

    

 (Kofler hot stage microscope) 
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 (Polarized light 

len) 

 

3  ( )  

(  50%)  (

 98%) 

   3.5.2  

    

 Little, Hilder & Dawson, 1958, pp. 111-126) 

 

   3.5.3 

 

    

 

Kohlwey (1994) 

 3   (Onset temperature; 

To)  (Peak temperature; Tp) 

 (Conclusion temperature; Tc)  ( H) 

 (J/g)  

  3.6  

   

 (

, 2550,  48-51) 
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   3.6.1  (Brookfield viscometer) 

    

 

(Centipoise) 

   3.6.2  (Capillary viscometer) 

    

 mPa.s 

   3.6.3  

     

 Brabender unit (BU) 

 5%  500 BU  2,700 

 2.8  A 

 B 

 C  95oC 

 D  95oC 

 E  50oC 

 F  50oC 

 

     

 (Pasting temperature) 
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, 2550,  49) 

 

 
 

 2.8  

:  (2550,  49) 
 

   3.6.4  

    

 (  95oC) 

 (  50oC)  3 

 (

, 2544,  2)  

 2.9 
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     (Pasting curve) 

 (Pasting) 

 (Pasting temperature)  2 RVU 

 (Peak temperature) 

 (Peak time)  ( , 2544,  3) 

     

(Breakdown viscosity) 

 (Shear-thinning, 

Holding strength, Hot paste viscosity, Trough) 

 

(Final viscosity) 

 (Setback 

viscosity) 

 (Syneresis  

Weeping)  (Freeze-thaw cycle)  ( , 2544,  

3-4) 
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 2.9  

:  (2550,  50) 

 

4.  
 

   (Near infrared reflectance spectroscopy; NIRS) 

 (NIR radiation)  800 

– 2,500  12,500 – 4,000 cm-1  (Quantized frequency) 

 (Chemical bond)  (X-H)  X 

 (C)  (O)  (N)  (S) 

 (Overtone vibration)  (Combination vibration) 

 NIR   

, 2552,  2-5) 
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 (Ground state) (v = 0) 

 (Excited state) 2, 3  (Peak) 

 

 

 

 (v = 0  v = 1)  10  100  

 

 , 2552,  2-14) 

 (Functional group)  2.10 
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 2.10  

 

) 

 

(cm-1) 

   

1440 6944 C-H methylence (.CH2) C-H combination, .C-H2 Hydrocarbon, aliphatic 

1441 6940 O-H from sugar as crystalline sucrose O-H (2 ) carbohydrates (C4 hydroxyl within a 

crystalline matrix) 

Crystalline sucrose 

1450 6897 O-H polymeric (.O-H) O-H (2 ), O-H Starch/Polymeric 

alcolhol/water 

1471 6798 N-H amide with N-R group N-H (2 ), .CONHR Amide/protein 

1490 6711 N-H amide with N-R group N-H (2 ), .CONHR Amide/protein 

1492 6702 N-H amide .NH or .NH2 N-H (2 ), ArNH2 Amide/protein 

1510 6623 N-H amide .NH or .NH2 N-H (2 ), .CONH2 Amide/protein 

1520 6579 N-H amide .NH or .NH2 N-H (2 ), .CONH2 Amide/protein 

1550 6450-6250 N-H from secondary amide in proteins N-H (2 ) stretching from secondary amide N-H from protein 

   In proteins  

1790 5587 O-H from water O-H combination Water 

1820 5495 O-H/C-H combination O-H stretching and C-O stretching (3 s) Cellulose 

   combination  
 

: Workmand & Weyer (2008, p. 239-262) 
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 2.10 ) 

 

) 

 

(cm-1) 

   

1940 5155 O-H (H-O-H) water O-H stretching and HOH bending combination Water 

1960 5102 O-H Polymeric (.O-H) O-H stretching and HOH bending combination Polysaccharides 

1980 5051 N-H amide II (.CONH2) N-H stretching and N-H in-plane bending 

combination 

Amides/proteins 

2050 4878 N-H/C-N/N-H amide II and amide III 

combination (.CONH) and (.CONH2) 

N-H in-plane bend and C-N stretching and N-

H in-plane bend combination 

Amides/proteins 

2055 4866 N-H/C=O amide as (.CoNH) and (.CONH2) N-H stretching and C=O stretching (amide I) 

combination 

Amides/proteins 

2060 4850 N-H combination band from secondary 

amides in proteins 

N-H [ N-H and amide II deformation (N-H in-

plane bending) combination] for secondary 

amides in proteins 

N-H from protein 

2100 4761 O-H/C-O polymeric (.O-H and .C-O) O-H bending and C-O stretching combination Polysaccharides 

2140 4673 C-H/C=O lipid assicated (.RC=CH and 

RC=O) 

C-H stretching and C=O stretching 

combination and C-H deformation 

combination 

Lipids 

2180 4587 N-H proteins: N-H (3 B) N-H (3 ) Proteins/amino acids 

     

: Workmand & Weyer (2008, p. 239-262) 
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 2.10 ) 

 

) 

 

(cm-1) 

   

2180 

 

 

 

2200 

4590 

 

 

 

4545 

N-H/C-N/C=O combination band from 

secondary amides in proteins 

 

 

CHO carbohydrate (.CHO) 

N-H/C-N/C=O[2 x amide I (2 C=O stretching) 

and amide III deformation (C-N stretching/N-H 

in-plane bending) combination] for secondary 

amides in proteins 

C-H stretching and C=O combination 

Proteins 

 

 

 

Carbohydrates 

2270 4405 O-H/C-H cellulose (.OH and .C-O) O-H stretching and C-O stretching  Cellulose 

   combination  

2273 4400 O-H/C-O from glucose O-H/C-O glucose absorption from O-H Glucose 

   Stretching and C-O stretching combination  

2280 4386 C-H starch (.C-H and CH2) C-H stretching and CH2 deformation Polysaccharides 

2310 4239 C-H (.C-H bending) C-H (3 ) Lipids 

2322 4307 C-H (.C-H and CH2) C-H stretching and CH2 deformation Polysaccharides 

   combination  

2330 4292 C-H (.C-H and CH2) C-H stretching and CH2 deformation Polysaccharides 

   combination  

2335 4283 C-H (.C-H and CH2) C-H stretching and CH2 deformation 

combination 

Polysaccharides 

: Workmand & Weyer (2008, p. 239-262) 
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 2.10 ) 

 

) 

 

(cm-1) 

   

2380 4202 C-H/C-C (.C-H and .C-C) C-H stretching and C-C stretching  Lipids 

   combination  

2470 4049 C-H (.CH2) C-H combination Lipids, aliphatic  

    compounds 

2470 4049 C-N-C amide: (.C-N-C) C-N-C (2 ) Proteins 

2500 4000 C-H/C-C/C-O-C (.C-H and .C-C and C-H stretching and C-C and C-O-C Polysaccharides 

  .C-O-C) Stretching combination  

     

: Workmand & Weyer (2008, p. 239-262) 
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  4.1  

    (2552) 

 

(Absorption)  (Transmission)  (Reflection) 

 1 

 

   Io =  Ia + It + Ir         1 

 

   

 (Absorbance)  

 (Wavelength) ( ) 

 

 

 A = bc = log (1/T) = log (Io/It)         2 

 

 A = bc = log (1/R) = log (Io/It)         3 

 

  A   

     (Molar absorptivity)  

  b   

  c   

  T   

  R   

  Io   

  It   

  Ir   

 



  
40

   

 2  3  

 

   c = A/ b = log (1/T) b = log (1/R) / b        4 

 

     b  

b  

 b 

 

 (Calibration sample)  

 

   C = Bo + BiAi = Bo + Bi log (1/Ti) = Bo + Bi log (1/Ri)      5 

 

  Bo   y (intercept)  

  Bi   (Regression coefficient)  i 

 

  4.2  

    (Reflectance) 

 (Transmittance)  (Diffuse transflectance) 

 NIR 

 

 (Particle size)  (Overlapping) 

 (Baseline shift) 

 (Calibration equation) (Nicolaï, Beullens, Bobelyn, Peirs, Saeys, Theron & 

Lammertyn, 2007, pp. 99-108; Workmand & Weyer, 2008, p. 10) 
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 (Derivative transformation)  

(Multiplicative scatter correction; MSC)  

(Standard normal variate; SNV) (Rinnan, NØrgaard, Berg, Thygesen, Bro, & Engelsen, 

2009, p. 29-48)  

   4.2.1  

    

 

(Baseline offset)  (Linear baseline shift) 

 (Second derivative)  

 

(Additive effect) 

 (Mulitplicative effect) 

 ( , 2552,  5-1  5-23; Rinnan, NØrgaard, Berg, 

Thygesen, Bro, & Engelsen, 2009, p. 29-48)  

   

  
 ( )

 = c  (1/ 2  (1/ ) +  (1/ )  

  

   4.2.2   

    

 (Scattering light)   

 (Multiplicative effect) 

 log (1/R) 

 (Absorbance)  log  (1/R)  
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 ( ) 

 , 2552,  5-1 

 5-23) 

   4.2.3  

    

 

 

 

(Normalization)  Z 

 )  

 , 2552, 

 5-1  5-23) 

  4.3 

 

   

 ” 

 

 (Quantitative and qualitative analyses) 

 2 
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 (Calibration) 

 (Validation) ( , 2552,  6-1  

6-33) 

 (Multiple linear regression; MLR)  (Principal 

components regression; PCR)  (Partial least square 

regression; PLSR)  (Principal component analysis; PCA) 

 (Partial least square-

discriminant analysis; PLS-DA) 

 

   4.3.1  

     “PLSR” 

 (Mulitvariate analysis)  

 PLSR  

(Independent variables)  X (X variables) 

 (  log 1/R,  OD)  (Dependent variables)  Y (Y 

variables)  (  

) (Williams, 2007, p. 5-1 to 5-17  )  

PLSR  (  X) 

 (  X)  ” (Factor loading) 

 “ ”  (  Y)  

 

 PLSR  (Liu & He, 2008, pp. 562-567;  

, 2552,  6-1  6-33) 
 

    Y  =  k0 + k1F1 + k2F2    
 

    

 (Correlation coefficient; R) 

 (  X)  (  Y)  1  
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Standard Error of Calibration (SEC) 

 

 Standard Error of Prediction (SEP) 

 Bias 

 

 (Romía & Bernàrdez, 2009, pp. 51-79; 

, 2552,  6-1  6-33) 

   4.3.2  

     (2552)

 PCA  

 ” (Factors or Principal Components; PCs: 

 k  F1, F2,….Fk)  (Linear combination) 

 (Original measurements: 

 p  p  X1, X2,…Xp) 

 (Factor loadings  w11, 

w12,…..wkp)  

 

    F1 = w11*X1+w12*X2+w13*X3+……+w1p*Xp 

    F2 = w21*X1+w22*X2+w23*X3+……+w2p*Xp 

    ……………………………………………. 

    ……………………………………………. 

    FK = wK1*X1+wK2*X2+wK3*X3+……+wKp*Xp 

 

    

 (PCA loading)  (PCA score) 

 (Variable correlation) 
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 (Loading)  PC  (Cosine) 

 PC  ( )  -1  +1  2 

 PC  

  

    

 (Sample pattern)  

 (Score)  PC 

 PC  PC 

 

 PCA 

 

   4.3.3  

     PLS-DA 

 (Supervised pattern 

recognition) 

 (Pattern recognition) 

 (Classification model)  PLS-DA 

 PLS model  2 

 PLS1  PLS2  PLS1 

 1  1  

PLS2  (Barker & 

Rayens, 2003, pp. 166-173  ; , 2552,  6-1  

6-33) 
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     (  Y) 

 (Dummy variables)  1 

 0 

 (  Y) 

 PLS model  

 (  Y)  1  0  0.5  0.5  

 0.5   Y) 

 0.5  (  Y) 

 0.5 

 Receive Operating Characteristics (ROC) 

 (Ballabio & Todeschini, 2009, p. 83-103; Rossini, Verdun, 

Cariou, Qannari & Fogliatto, 2011, Paper Published in Press) 

  4.4 

 

   

 2.11
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 2.11   

   

(Referene method) 

 / 

 .) 
 

      
-   ,  MLR: SEE = 0.112, r2 = 0.98 NIR: 800 – 1,800 Stermer et al. (1977) 

      

-  ,   MLR: SEE = 0.569, r2 = 0.988 NIR: 1100 – 2500 Wadsworth et al. (1994) 

             SEP = 0.744, r2 = 0.985   

   PLS:   SEE = 0.511, r2 = 0.992   

             SEP = 1.07, r2 = 0.965   

-  , , Milling meter PLS:   SEP = 2.7, r2 = 0.969 NIR: 450 – 1,048 Delwiche et al. (1996) 

  (n=196)     

-  , , Milling meter PLS:   SEP = 0.60, r2 = 0.966 NIR: 450 – 1,048 Delwiche et al. (1996) 

   (n=196)     

-  , , Milling meter PLS:   SEP = 0.15, r2 = 0.927 NIR: 450 – 1,048 Delwiche et al. (1996) 

   (n=196)     

-    Milling meter PLS:  Milled rice: SECV = 4.2-6.3 NIR: 750 – 1,050 Barton et al. (1998) 

 (n=120)           Rice flour : SECV = 8.2  NIR: 750 – 1,050  

            Milled rice : SECV = 4.29-9.90 NIT: 750 – 1,050  

-   Milling meter PLS:  Milled rice: SECV = 0.98-1.28 NIR: 750 – 1,050 Barton et al. (1998) 

 (n=120)           Rice flour : SECV = 1.90 NIR: 750 – 1,050  

            Milled rice: SECV = 1.01-4.43 NIT: 750 – 1,050  
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

-   Milling meter PLS:  Milled rice: SECV = 0.14-0.19 NIR: 750 – 1,050 Barton et al. (1998) 

 (n=120)           Rice flour : SECV = 0.2 NIR: 750 – 1,050  

            Milled rice: SECV = 0.19-0.21 NIT: 750 – 1,050  

-   Milling meter PLS:  Milled rice: SECV = 3.13                   NIR: 400 – 2,498 Barton et al. (2000) 

 (n=96)           Rice flour : SECV = 7.69 NIR: 400 – 2,498  

            Milled rice: SECV = 6.01 NIT: 850 – 1,050  

-   Milling meter PLS:  Milled rice: SECV = 0.71                   NIR: 400 – 2,498 Barton et al. (2000) 

 (n=96)           Rice flour : SECV = 1.76 NIR: 400 – 2,498  

            Milled rice: SECV = 1.54 NIT: 850 – 1,050  

-   Milling meter PLS:  Milled rice: SECV = 0.20                   NIR: 400 – 2,498 Barton et al. (2000) 

 (n=96)           Rice flour : SECV = 0.22 NIR: 400 – 2,498  

            Milled rice: SECV = 0.24 NIT: 850 – 1,050  

-  , Milling meter PLS: Brown rice: SECV = 0.52,r = 0.78 NIR: 800 – 1,098 Natsuga and Kawamura 

           Brown rice: SECV = 0.62, r = 0.66 NIR: 1,100 – 2,498 (2006) 

 (n=61)          Milled rice:  SECV = 0.71, r = 0.87 NIR: 800 – 1,098  

           Milled rice : SECV = 0.88, r = 0.79 NIR: 1,100 – 2,498  

-  ,  Milling meter PLS: Brown rice: SECV = 6.02,r = 0.82 NIR: 800 – 1,098 Natsuga and Kawamura 

           Brown rice: SECV = 6.63, r = 0.78 NIR: 1,100 – 2,498 (2006) 

 (n=61)          Milled rice:  SECV = 4.10, r = 0.89 NIR: 800 – 1,098  

           Milled rice : SECV = 6.08, r = 0.75 NIR: 1,100 – 2,498  
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

 (%)  ,   135oC PLS: Brown rice: SEP = 0.12, r = 0.990 NIT: 825 – 1,075 Shimizu et al. (1998) 

 (n=125)  3 .         Milled rice: SEP = 0.17, r = 0.978 NIT: 825 – 1,075  

  (n=150) AOAC ( ) PLS:  Rough rice: SEP = 0.70, r2 = 0.96 NIT: 400 – 2,498 Kawamura et al. (1997) 

 ,  AOAC ( ) PLS: Rough rice: SEP = 0.70, r2 = 0.96 NIR: 400 – 2,498 Kawamura et al. (2003) 

           Brown rice: SEP = 0.50, r2 = 0.97   

   135oC PLS: SEP = 0.29, r = 0.99 NIT: 800 – 1,000 Rittiron et al. (2004) 

 (n=100)  15 .         SEP = 0.24, r = 0.99 NIT: 1,300 – 1,500  

 ,  135oC PLS: Brown rice: SECV = 0.15, r = 0.98 NIR: 800 – 1,098 Natsuga and Kawamura 

  (n=61)   24 .         Brown rice: SECV = 0.19, r = 0.97 NIR: 1,100 – 2,498 (2006) 

           Milled rice: SECV = 0.16, r =  0.96 NIR: 800 – 1,098  

           Milled rice: SECV = 0.19, r = 0.99 NIR: 1,100 – 2,498  

  (n=130)  105oC MLR: SEC = 0.329, r2 = 0.975, RPD=5.5 NIR: 960, 930, 980 Lin et al. (2006) 

   72 . PLS:  SEP = 0.245, r2 = 0.987, RPD = 8.2 NIR: 930 – 1,014  

      

 (%) , , Combustion method PLS: SEP = 0.107, r2 = 0.989 NIR: 1,100 – 2,498 Delwiche et al. (1995) 

  (n=97)  (N x 5.95)    

 , Combustion method PLS: SEP = 0.13, r2 = 0.966 NIR: 1,180 – 1,800 Delwiche et al. (1996) 

  (N x 5.95)    

 (n=95)     
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

 (%) ,   Kjeldahl method PLS: Milled rice: SECV = 0.22-1.12 NIR: 1,100 – 2,500 Barton et al. (1998) 

 (n=120) (N x 5.95)         Rice flour: SECV = 0.15 NIR: 1,100 – 2,500  

           Milled rice: SECV = 0.18-0.21 NIT: 1,100 – 2,500  

 ,  Kjeldahl method PLS: Brown rice: SEP = 0.19, r = 0.943 NIT: 825 – 1,075 Shimizu et al. (1998) 

 (n=125) (N x 5.95)         Milled rice: SEP = 0.16, r = 0.961 NIT: 825 – 1,075  

   (n=150) Kjeldahl method PLS:  Brown rice: SEP = 0.24, r2 = 0.70 NIT: 400 – 2,498 Kawamura et al. (1997) 

  (N x 5.95)          Milled rice: SEP = 0.22, r2 = 0.76 NIT: 400 – 2,498  

 ,  Combustion method PLS:  Milled rice: SECV = 0.22                   NIR: 400 – 2,498 Barton et al. (2000) 

 (n=96) (N x 5.95)          Rice flour : SECV = 0.14 NIR: 400 – 2,498  

            Milled rice: SECV = 0.20 NIT: 850 – 1,050  

   Combustion method PLS:  SEP = 0.138, r2 = 0.992                   NIR: 200-1795, Himmelsbach et al. (2001) 

  (N x 5.95)  2,050 – 3,570cm-1  

 (n=90)     

  Combustion method PLS: RMSEP = 0.38, r2 = 0.85 NIR: 400 – 2,500 Champagne et al. (2001) 

  (N x 5.95)    

  (n=76)     

 ,  Combustion method PLS: Rough rice: SEP = 0.24, r2 = 0.70 NIR: 400 – 2,498 Kawamura et al. (2003) 

  (N x 5.95)         Brown rice: SEP = 0.23, r2 = 0.68   
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

 (%) , ,  Combustion method PLS: SECV = 0.23, r2 = 0.982 NIR: 400 – 2,498 Sohn et al. (2004a) 

  (n=128) (N x 5.95)    

  (n=214) Combustion method PLS: SECV = 0.22, r2 = 0.983 NIR: 1,100 – 2,498 Sohn et al. (2004b) 

  (N x 5.95)    

  Combustion method PLS: SEP = 0.38, r = 0.96 NIT: 800 – 1,000 Rittiron et al. (2004) 

  (n=100) (N x 5.95)         SEP = 0.31, r = 0.97 NIT: 1,300 – 1,500  

 ,  Kjeldahl method PLS: Brown rice: SECV = 0.16, r = 0.96 NIR: 800 – 1,098 Natsuga and Kawamura 

  (n=61)  (N x 5.95)         Brown rice: SECV = 0.24, r = 0.92 NIR: 1,100 – 2,498 (2006) 

           Milled rice: SECV = 0.18, r =  0.95 NIR: 800 – 1,098  

           Milled rice: SECV = 0.19, r = 0.94 NIR: 1,100 – 2,498  

 (%)  (n=153), Iodine colorimetry using PLS: Brown rice: SEP = 2.27, r2 = 0.757 NIT: 800 – 1,050 Villareal et al. (1994) 

  (n=123) a potato (superlose)-         Milled rice: SEP = 0.79, r2 = 0.960   

  waxy (IR29)    

 , , Colorimetric assay for PLS: SEP = 1.04, r2 = 0.956 NIR: 1,100 – 2,498 Delwiche et al. (1995) 

   milled rice, and was     

 (n=247) performed on autoanaly-    

  zer (Juliano, 1971)    

 , , Colorimetric assay for milled rice PLS: SEP = 1.33, r2 = 0.887 NIR: 400 – 2,498 Delwiche et al. (1996) 

 ,  (n=196)  , and was performed autoanalyser     

  (Juliano, 1971)    
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

 (%) ,   Iodine-blue colorimetric PLS: Milled rice: SECV = 0.37-0.43 NIR: 1,100 – 2,500 Barton et al. (1998) 

 (n=120) method         Rice flour: SECV = 0.53 NIR: 1,100 – 2,500  

           Milled rice: SECV = 0.53-0.55 NIT: 1,100 – 2,500  

 ,  Iodine-blue colorimetric PLS: Brown rice: SEP = 0.17, r = 0.818 NIT: 825 – 1,075 Shimizu et al. (1998) 

  (n=125) method (Juliano, 1971)         Milled rice: SEP = 0.78, r = 0.921 NIT: 825 – 1,075  

   (n=150)  Iodine-blue colorimetric PLS:  Milled rice: SEP = 0.27, r2 = 0.00 NIT: 400 – 2,498 Kawamura et al. (1997) 

  method (Juliano, 1971)    

 ,  Iodine-blue colorimetric PLS:  Milled rice: SECV = 1.17                   NIR: 400 – 2,498 Barton et al. (2000) 

 (n=96) method (Juliano, 1971)          Rice flour : SECV = 0.53 NIR: 400 – 2,498  

            Milled rice: SECV = 1.83 NIT: 850 – 1,050  

 ,  Colorimetric assays PLS:  SEP = 1.05, r2 = 0.985                  NIR: 200-1795, Himmelsbach et al. (2001) 

  Using an autoanalyzer  2,050 – 3,570cm-1  

  (n=90) (Webb, 1972)    

 , Iodine-blue colorimetric PLS: RMSEP = 1.91, r2 = 0.81 NIR: 400 – 2,500 Champagne et al. (2001) 

  method (Juliano, 1971)    

  (n=76)     

  (n=162) Colorimetric assay for PLS: SEC = 0.89, r2 = 0.96 NIR: 400 – 2,500 Bao et al. (2001) 

  milled rice, and was          SECV = 1.43, r2 = 0.89    

  performed on autoanaly-         SEP = 1.39, r2 = 0.91   

  zer (Juliano, 1971)    
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

 (%)  Iodine-blue colorimetric PLS: SECV = 0.96, r2 = 0.63 NIR: 850 – 1,050 Shimizu et al. (2003) 

 (n=125) method (Juliano, 1971)         SECV = 0.56, r2 = 0.85 NIR: 850 – 1,050  

 , ,  Iodine-blue colorimetric PLS: SECV = 1.0, r2 = 0.979 NIR: 400 – 2,498 Sohn et al. (2004a) 

 ,  (n=128) method (AACC, 2000d)    

  (n=214) Iodine-blue colorimetric PLS: SECV = 0.57, r2 = 0.994 NIR: 1,100 – 2,498 Sohn et al. (2004b) 

  method (AACC, 2000d)    

  Iodine-blue colorimetric PLS: SEP = 2.82, r2 = 0.85 NIR: 1,100- 2,500 Wu and Shi (2004) 

  (n=474) method and expressed as    

  brown rice weight (%)    

 ,  Iodine-blue colorimetric PLS: Milled rice: SECV = 1.42, r = 0.52 NIR: 800 – 1,098 Natsuga and Kawamura 

  (n=61) method (Juliano, 1971)         Milled rice : SECV = 1.13, r = 0.75  NIR: 1,100 – 2,498 (2006) 

 , , Colorimetric assay for MPLS: Milled rice: SECV = 2.13,  NIR: 1,100 – 2,498 Wu and Shi (2007) 

 ,  milled rice, and was              r2 = 0.92   

 (n=586) performed on autoanaly-    

  zer (Juliano, 1971)    

  (n=230) Iodine-blue colorimetric PLS: Milled rice: SEC = 1.723, r2 = 0.902 NIR: 1,160 – 1,950 Srisawas (2009) 

  method (Juliano, 1971)         Milled rice: SEP = 2.158, r2 = 0.843 NIR: 1,160 – 1,950  

           Rice flour: SEC = 0.969, r2 = 0.934 NIR: 1,400 – 2,492  

           Rice flour: SEP = 1.224, r2 = 0.945 NIR: 1,400 – 2,492  
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

  ,  Six grains were immersed PLS: SEP = 0.43, r2 = 0.966 NIR: 400 – 2,498 Delwiche et al. (1996) 

  (n=196)  in 1.7% KOH    

  (Little et al., 1958)    

 ,  Six grains were immersed PLS:  SECV = 0.64                   NIR: 400 – 2,498 Barton et al. (2000) 

  (n=96) in 1.7% KOH    

  (Little et al., 1958)    

  (n=162) Six grains were immersed PLS: SEP = 0.88, r2 = 0.70 NIR: 400 – 2,500 Bao et al. (2001) 

  in 1.7% KOH            

  (Little et al., 1958)            

 , , Six grains were immersed MPLS: Milled rice: SECV = 0.33,  NIR: 1,100 – 2,498 Wu and Shi (2007) 

 ,  (n=586) in 1.7% KOH             r2 = 0.84   

   (Little et al., 1958)    

  (n=230) Six grains were immersed PLS: Milled rice: SEC = 0.524, r2 = 0.831 NIR: 1,116 - 1,936 Srisawas (2009) 

  in 1.7% KOH         Milled rice: SEP = 0.545, r2 = 0.806 NIR: 1,116 - 1,936  

  (Little et al., 1958)         Rice flour: SEC = 0.568, r2 = 0.809 NIR: 1,116 – 2,484  

           Rice flour: SEP = 1.224, r2 = 0.945 NIR: 1,116 – 2,484  

   (n=162) Gel length of rice paste PLS: SEP = 7.12, r2 = 0.81 NIR: 400 – 2,500 Bao et al. (2001) 

( .)  (Cagampang et al., 1973)            

 , , Gel length of rice paste MPLS: Milled rice: SECV = 11.73,  NIR: 1,100 – 2,498 Wu and Shi (2007) 

  (n=586)  (Cagampang et al., 1973)             r2 = 0.76   
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

  (n=230) Gel length of rice paste PLS: Milled rice: SEC = 15.06, r2 = 0.611 NIR: 1,108 – 1,940 Srisawas (2009) 

( .)  (Cagampang et al., 1973)         Milled rice: SEP = 16.44, r2 = 0.533 NIR: 1,108 – 1,940  

           Rice flour: SEC = 14.31, r2 = 0.670 NIR: 1,116 – 1,776  

           Rice flour: SEP = 14.52, r2 = 0.654 NIR: 1,116 – 1,776  

 (%)  Soxtec system PLS: SEC = 0.04, r2 = 0.97 NIR: 400 - 700 Chen et al. (1997) 

           SEC = 0.03, r2 = 0.99 NIR: 1,500 – 2,500  

           SEC = 0.024, r2 = 0.99 NIR: 400 – 700,  

    1,500 – 2,500  

           SEC = 0.03, r2 = 0.99 NIR: 400 – 2,500  

  Soxtec system PLS: RMSEP = 0.04, r2 = 0.90 NIR: 400 – 2,500 Champagne et al. (2001) 

 ,   (n=76)     

 , , Soxtec system PLS: Brown rice grain: RMSECV = 0.17, NIR: 1,100 – 2,498 Wang et al. (2006) 

  (n=248)                                        r2 = 0.73   

           Brown rice flour: RMSECV = 0.15,   

                                      r2 = 0.81   

           Milled rice grain: RMSEC = 0.12,    

                                       r2 = 0.81   

           Milled rice flour: RMSECV = 0.09, r2 = 0.89   

 ,  (n=140)  Fat acidity PLS: Milled rice: SEP = 0.83, r2 = 0.87 NIR: 1,100 – 2,498 Li and Shaw (1997) 

  (mg of KOH/100 g dm)         Rice flour: SEP = 0.73, r2 = 0.94   
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

 (%) ,   Free fatty acid (mg) PLS: Milled rice: SECV = 3.39, r = 0.42 NIR: 800 – 1,098 Natsuga and Kawamura 

 (n=61)          Milled rice : SECV = 3.07, r = 0.56  NIR: 1,100 – 2,498 (2006) 

           Brown rice : SECV = 11.56, r = 0.30 NIR: 800 – 1,098  

           Brown rice : SECV = 9.02, r = 0.67 NIR: 1,100 – 2,498  

 ,  RVA analyzer PLS: Peak viscosity NIR: 1,120 – 1,800 Delwiche et al. (1996) 

(RVU) ,  (n=196)            SEP = 23.7, r2 = 0.639   

           Final viscosity NIR: 1,120 – 1,800  

             SEP = 20.6, r2 = 0.424   

           Breakdown viscosity NIR: 1,140 – 1,800  

             SEP = 14.3, r2 = 0.719   

           Consistency NIR: 1,120 – 1,800  

             SEP = 10.6, r2 = 0.735   

           Setback viscosity NIR: 1,110 – 1,800  

             SEP = 20.2, r2 = 0.737   

  (n=162) RVA analyzer PLS: Peak viscosity NIR: 400 – 2,500 Bao et al. (2001) 

             SEP = 17.15, r2 = 0.32   

           Hot paste viscosity   

             SEP = 16.7, r2 = 0.55   

           Cold paste viscosity   

             SEP = 20.8, r2 = 0.76   

           Consistency; SEP = 12.4, r2 = 0.78   

           Setback viscosity; SEP = 13.6, r2 = 0.792   
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 2.11  ) 
Parameter Sample Reference method Results Mode:  

Wavelength (nm) 

Author (Year) 

 (RVU)           Breakdown viscosity; SEP = 10.2, r2 = 0.88   

  RVA analyzer PLS: Maximum viscosity NIT: 850 – 1,048 Shimizu et al. (2001) 

 (n=341)          SEP = 17.7, r2 = 0.75, RPD = 1.9   

  (n=86) RVA analyzer PLS: viscosity at 212 second (r2 = 0.961) NIR: 1,100 – 2,500 Meadows and Barton II 

           and 228 second (r2 = 0.903) were  (2002) 

           correlated with NIR spectroscopy   

  (n=230) RVA analyzer PLS: Peak viscosity NIR: 1,130 – 2,470 Srisawas (2009) 

             SEP = 26.83, r2 = 0.678   

           Breakdown viscosity NIR: 1,120 – 2,480  

             SEP = 14.89, r2 = 0.735   

           Setback viscosity NIR: 1,108 – 2,492  

             SEP = 33.50, r2 = 0.602   

           Consistency NIR: 1,148 – 2,452  

             SEP = 27.83, r2 = 0.522   

   (n=43) Enzymatic digestibility MLR: Eq.1: SEP = 3.22, r2 = 0.968 NIR: 400 – 2,498 Cho et al. (1998) 

 (%)             Eq.2: SEP = 4.66, r2 = 0.979   

             Eq.3: SeP = 3.91, r2 = 0.975   

 Milled rice (n=60) Sensory evaluation PLSR: Manual adhesiveness, visual NIR Windham et al. (1997) 

 (0-15 scale)              Adhesiveness, stickiness to lip, RAP = 0.54- 

0.56   
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 2.11  ) 
   

(Reference method) 

 / 

 .) 

 

  Sensory texture attribute PLS: RMSEP = 1.91, r2 = 0.81 NIR: 400 – 2,500 Champagne et al. (2001) 

 (0-15 scale)  (n=76) (0-15 scale) PLS: Initial starchy coating   

             RMSEP = 0.20, r2 = 0.76   

           Stickiness    

             RMSEP = 0.38, r2 = 0.53   

           Hardness   

             RMSEP = 0.32, r2 = 0.67   

           Cohesiveness of mass   

             RMSEP = 0.22, r2 = 0.83   

  (n=162) Texture analyzer PLS: Hardness: SEP = 2.4, r2 = 0.86 NIR: 400 – 2,500 Bao et al. (2001) 

(g)           Adhesiveness: SEP=3.6, r2 = 0.67   

           Springiness: SEP = 0.06, r2 = 0.01   

           Cohesiveness: SEP=0.03, r2 = 0.58   

           Gumminess: SEP = 1.24, r2 = 0.77   

           Chewiness: SEP = 1.00, r2 = 0.86   

  (n=162) DSC (oC) PLS: To: SEP = 1.79, r2 = 0.86 NIR: 400 – 2,500 Bao et al. (2001) 

           Tp: SEP = 1.33, r2 = 0.89   

           Tc: SEP = 2.23, r2 = 0.64   

           Hg (J/g): SEP=0.03, r2 = 0.58   
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    2.11 

 Delwiche, Bean, Muller, Webb & 

Williams (1995) 

 PLSR  1,100-2,498 

 105 

 97  

 (R)  0.95  1.0  1996 Delwiche, 

McKenzie & Webb 

 400-2,498  

PLSR  1,100-1,800 

 0.887 

 1.33%  95  

   Shimizu, Okadome, Yanagisawa, Andren, Thente, Kimura & Ohtsubo 

(1998) 

 PLSR 

 

Wu & Shi (2004) 

 (Single rice grain) 

 0.85 0.71  0.67   Wu & Shi 

(2007) 

 

   

 Windham, Lyon, Champagne, Barton & Webb (1997) 
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Champagne, Bett-Garber, Grimm, McClung, Moldenhauer, Linscombe, McKenzie & 

Barton (2001) 

 Descriptive 

analysis 

 PLSR 

 0.71-0.96  

 

5.  (Classification of rice) 
 

  

 19,000  

5,500 

  

)  ( ) 

 ( )  

)  )  

, 2547,  53-75) 

 (  

)  (

) (Aphithanaphong, 2004, pp. 36-50) 

   (Degree of milling) 

 (8% )  (7-7.9% ) 

 (6-6.9% )  (5-5.9% ) (

, 2547,  154) 

 Juliano (1985) 

 5  (0-5%)  (5.1-12.0%)  

(12.1-20.0%)  (20.1-25.0%)  (>25%) 

 2  (Waxy or 

glutinour rice)  (Non-waxy or non-glutinous rice) 
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 (61-100 ) 

 (41-60 )  (26-40 ) (Cagampang, Perez & Juliano, 1973, 

pp. 1589-1594) 

  3 

 (55-69oC)  (70-74oC) 

 (75-79oC) (Kongseree, 2002, p. 25) 

 4  

 (Champagne, Bett-Garber, Grimm, McClung, Moldenhauerk, Linscombe, 

McKenzie & Barton II, 2001, pp. 358-362)  

(1997)  2  (Aromatic rice)  

(Non-aromatic rice)  105 

 15 

 

  

 ( , 2554, ) 

 (DNA analysis) 

 (Kim, Rhyu, 

Kim & Lee, 2003, pp. 346-349) 

  

 

 2.12 

 Bett-Garber, Champagne, McClung, 

Moldenhauer, Linscombe & McKenzie (2001)  7 

 Ward’s 
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cluster analysis  Patindol, Flowers, Kuo, Wang & Gealy (2006)  2 

 Wells  Bengal  Hierarchical cluster analysis  

Suwannaporn, Pitiphunphong & Champangen (2007) 

 

 

 

 Osborne, Martens, Thomson & Fearn (1993) 

 16  100  

 Ootake & 

Kokot (1998a)  FT-NIR  Kwon & 

Cho (1998) 

 (Image processing technique a CCD camera) 

 90% 

  Rittiron, Saranwong & Kawano (2005) 

 Theanjumpol, Ripon, Karaboon, Suwapanit, Thanapornpoonpong & 

Vearasilp (2005)  1  105 

  

PCA  15  1  105 

 PCA 

 15  105 

 1  
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 2.12   
  / 

 

 / 

 .) 

 

  (n=91) Ward’s cluster analysis Categorizing rice cultivars into seven  - Bett-Garber et al. (2001) 

   groups based on grain dimension,   

   apparent amylose content, and alkali    

   apreading value   

  Hierarchical cluster  Classifying red rice samples into two - Patindol et al. (2006) 

 (n=16) analysis groups based on kernel properties   

  (n=9) Discriminant analysis Classifying rice amylose content varieties - Suwannaporn et al. (2007) 

   using only pasting properties   

  Ward’s cluster analysis Classifying long grain rice according to - Patindol et al. (2009) 

  (n=20)  their swelling, pasting, and gelatinization   

   properties   

   PCA Classifying KDML105 based on its - Pitiphunpong and 

 105  Cultivated location into five regions  Suwannaporn (2009) 

      

  (n=16) Fisher linear  Classifying Basmatic rice from other NIT: 850 – 1,050 Osborne et al. (1993) 

   discriminant rice varieties   

 (n=100)     

  (n=19) Soft Independent FT-NIR DRIFT reasonably classified FT-NIR DRIFT: Ootake and Kokot (1998a) 

  Modelling of Class glutinous rice from non-glutinous rice 400 – 11,000cm-1  

  Analogy (SIMCA)    
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 2.12  ) 
  / 

 

 / 

 .) 

 

  (n=19) Soft Independent Second derivative:  FT-NIR DRIFT: Ootake and Kokot (1998b) 

  Modelling of Class   Glutinous classify correctly 63.9 400 – 11,000cm-1  

  Analogy (SIMCA)   Non-glutinous classify correctly 66.7   

   MSC:   

     Glutinous classify correctly 58.3   

     Non-glutinous classify correctly 50.0   

   Rice highly identified up to 90% based NIR spectroscopy  Kwon and Cho (1998) 

   on their shape With CCD camara  

  Modified PLS 1st calibration: SECV = 0.165, r2 = 0.91 NIR: 400 – 2,500 Kim et al. (2003) 

  (n=280) (MPLS) 2nd calibration: SECV = 0.165, r= 0.93   

   Korean domestic rice correctly identified   

   of 80% samples   

  PCA PCA was not sufficient to classify Thai  NIR: 1,100 – 2,500 Theanjumpool et al. (2005) 

   rice variety by NIR spectroscopy without   

   chemical properties   

  PLS Detection blended the Koshihiakari with NIT: 1,100 – 2,500 Rittiron et al. (2005) 

   >5% of Akitakomachi varieties by single   

   kernel NIT spectroscopy   

  Discriminant analysis Eight models were used to classify paddy NIR: 1,100 – 2,500 Liu et al. (2006) 

 4  (n=1,408) (DA) rice   
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