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Development of Near-Infrared Reflectance Spectroscopy (NIRS) Model
for Amylose and Crude Protein Contents Analysis in Rice Germplasm
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Abstract - The objective of this research was to develop Near-Infrared Reflectance Spectroscopy (NIRS) model for amylose
and protein contents analysis of large accessions of rice germplasm. A total of 511 accessions of rice germplasm were
obtained from National Agrobiodiversity Center to make calibration equation. The accessions were measured by NIRS for
both brown and milled brown rice which was additionally assayed by iodine and Kjeldahl method for amylose and crude
protein contents. The range of amylose and protein content in milled brown rice were 6.15-32.25% and 4.72-14.81%,
respectively. The correlation coefficient (RZ), standard error of calibration (SEC) and slope of brown rice were 0.906, 1.741,
0.995 in amylose and 0.941, 0.276, 1.011 in protein, respectively, whereas R>, SEC and slope of milled brown rice values
were 0.956, 1.159, 1.001 in amylose and 0.982, 0.164, 1.003 in protein, respectively. Validation results of this NIRS
equation showed a high coefficient determination in prediction for amylose (0.962) and protein (0.986), and also low
standard error in prediction (SEP) for amylose (2.349) and protein (0.415). These results suggest that NIRS equation model
should be practically applied for determination of amylose and crude protein contents in large accessions of rice germplasm.
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Table 1. List of rice germplasm used in this study

Origin” Status Accession IT Number

AUS Variety 1 210125

BGD Variety 2 219237, 236095

BRA Variety 1 235751

BTN Variety 1 219290
217611, 229796, 235599, 220078, 223660, 235772, 235778, 220351, 220736,
229054, 235927, 217975, 219249, 215240, 229048, 229799, 219245, 219252,
221708, 229047, 229807, 229050, 229052, 223796, 229806, 219230, 229791,
235684, 229801, 229794, 235683, 219227, 219971, 229789, 235682, 229049,

Variety 229792, 219202, 235598, 229803, 235597, 235776, 210106, 235627, 216648,

94 229808, 229934, 227064, 210099, 223672, 229793, 229804, 235775, 229935,
CHN 225236, 223671, 219179, 229811, 210111, 210124, 219180, 229877, 219186,
235835, 229812, 223654, 219906, 219226, 219869, 223653, 223650, 210723,
223655, 220706, 223667, 235626, 219177, 223651, 223663, 235631, 223658,
220593, 223659, 223662, 210118, 220711, 223652, 223657, 219967, 219181,
229846, 117885, 220704, 220703

Weed type 1 168493
219172, 214463, 219176, 219189, 235771, 219175, 219174, 219248, 196314,
Landrace 10
219313
EGY Variety 4 180708, 180707, 180706, 219296
ESP Landrace 2 413, 289
HTI Landrace 1 152651
IDN Variety 6 219267, 229055, 229060, 229056, 227063, 229057

236093, 219234, 236076, 236071, 236091, 236089, 236088, 236086, 236087,

IND Variety 2 519168, 220058, 219162
Landrace 2 418, 303
ITA Variety 3 210101, 43, 236085
218290, 229907, 236025, 210102, 236024, 219950, 218287, 219948, 7694,
219942, 236016, 219251, 236010, 236015, 219933, 219552, 219250, 219938,
Variety o5 219951, 219936, 236021, 219935, 219934, 219078, 236009, 210122, 219867,
JPN 7864, 235718, 235721, 236023, 7859, 220592, 235720, 219940, 219939, 219947,
219943, 219937, 8614, 7851, 1613, 236022, 219925, 236017, 236018, 219946,
8607, 210123, 219924, 236011, 210946, 219945, 1612, 220085
Landrace 7 218185, 9116, 9230, 9235, 5995, 5947, 9057
KGZ  Landrace 2 228202, 228203

KHM Variety

—_—

227062

221716, 196275, 203705, 219209, 235774, 10688, 8156, 219206, 9844, 7225,
7022, 123643, 154881, 210047, 6961, 223956, 8137, 213742, 9842, 203710,
219212, 112506, 219283, 219224, 219286, 219222, 112525, 220052, 8135,
219221, 174739, 8154, 192041, 8955, 220086, 5469, 8029, 6231, 191811, 9841,
8129, 123120, 154879, 8044, 6972, 174737, 7820, 6196, 219211, 174751, 7077,
6637, 7165, 101983, 9006, 7098, 203673, 8157, 6209, 5260, 5340, 6226,
123132, 6019, 8076, 5282, 5475, 4705, 5514, 6199, 5427, 8150, 6186, 112505,
269, 6182, 218586

168679, 122634, 168414, 168544, 168600, 168536, 122637, 168277, 1684606,
Weed type 24 168440, 168284, 168480, 168434, 168425, 168487, 168389, 168407, 168355,

168486, 168283, 168446, 168456, 168479, 168455

Variety 77

KOR

- 40 -



Table 1. Continued
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Origin” Status Accession IT Number
217848, 6684, 213480, 6620, 227933, 6078, 155895, 8883, 215143, 5756,
213708, 6519, 155894, 9121, 220063, 220062, 9236, 219157, 9192, 10564,
104295, 5833, 229902, 4770, 5049, 113344, 8580, 6125, 8267, 10657, 229896,
6774, 8590, 8194, 8413, 6352, 8355, 6775, 10721, 215142, 173444, 6063, 6522,
KOR Landrace 93 10163, 7898, 5980, 8467, 8297, 6370, 213470, 163363, 7819, 10339, 229893,
5046, 9030, 6408, 10726, 8815, 6687, 9252, 9142, 8734, 8984, 7389, 5694,
6380, 6151, 5043, 7713, 9267, 7717, 8996, 7629, 123663, 4694, 10554, 6483,
7691, 7697, 8471, 10727, 215158, 6138, 215135, 5928, 4769, 6538, 219170,
219160, 4753, 9060, 6119
LAO Variety 1 220033
LBR Variety 1 226970
NPL Landrace 8 200461, 200463, 200465, 200457, 200468, 200458, 200446, 229820
PHL Variety 16 219241, 219239, 220054, 219238, 219960, 219231, 220055, 219961, 219311,
220056, 219956, 219957, 219953, 219242, 219958, 219955
PRK Variety 1 235773
Landrace 5 113476, 214409, 227935, 227936, 224681
RUS Variety 5 179829, 179825, 179828, 179827, 179826
SLE Variety 1 226968
THA Landrace 1 214281
236045, 236044, 236039, 236038, 220077, 236030, 236047, 236051, 236049,
Variety 36 236031, 236029, 236083, 236048, 236067, 236050, 236064, 210119, 236043,
TWN 236040, 236079, 236052, 236054, 236034, 236059, 236046, 236053, 236065,
236042, 236066, 236032, 236068, 236035, 236026, 236070, 236080, 236061
Landrace 5 7752, 9079, 210792, 9127, 9118
USA Variety 16 220060, 219306, 891, 236077, 219302, 417, 219305, 219164, 219301, 219300,
219280, 219303, 219307, 219297, 219308, 236078
UZB Landrace 3 235707, 235708, 235710
VNM Variety 4 236094, 215235, 215232, 215234
Landrace 1 9054
unknown Variety 3 219233, 219929, 6157
Landrace 5 219158, 8598, 160064, 9221, 2348

“AUS, Australia; BGD, Bangladesh; BRA, Brazil; BTN, Bhutan; CHN, China; EGY, Egypt; ESP, Spain; HTI, Haiti; IDN,
Indonesia; IND, India; ITA, Italia; JPN, Japan; KGZ, Kyrgyzstan, KHM, Cambodia; KOR, Korea; LAO, Laos; LBR,
Liberia; NPL, Nepal, PHL, Philippines; PRK, North Korea; RUS, Russia; SLE, Sierra Leone; THA, Thailand; TWN,
Taiwan; USA, United States of America; UZB, Uzbekistan; VNM, Vietnam.
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Fig. 1. Amylose (A) and protein (B) content in the milled brown rice for NIRS prediction model.
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Fig. 2. Amylose and protein content in the milled brown rice betweem stored germplasm and regenerated germplasm. (A and C:
Amylose and protein content of stored germplasm, B and D: Amylose and protein content of regenerated germplasm).

A B
R™=0.956 / Slope=1.001 R’=0.996 / Slope=1.003

C D
R’=0.982 / Slope=1.003 R=0.934/ Slope=1.000

Fig. 3. Correlation plots between NIRS measurements and milled brown rice amylose content (A: Stored germplasm, B: Regenerated
germplasm) and protein content (C: Stored germplasm, D: Regenerated germplasm). Calculation was based on 511 stored
germplasm and 190 regenerated germplasm.
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Table 2. Calibration equation and cross validation results for the amylose and protein content of brown rice and milled brown rice

. Lab. Data NIRS Data
Constituent N - - RSQ SEC SECV 1-VR
Min Max Mean  Min Max Mean
Brown 1.96 36.02 1899 0906 1.741 1915 0.886
Amylose . 504 6.15 3225 19.10

Milled 1.94 36.08 19.01 0956 1.159 1.180 0.957

. Brown 426 11.11 7.69 0941 0276 0316  0.923

Protein . 511 472 1481 7.77

Milled 406 11.35 7.70 0982 0.164 0.169  0.981

R?=0.982

Fig. 4. Correlation plots between NIRS data and amylose content (A: brown rice, B: milled brown rice) and protein (C: brown rice,
D: milled brown rice).
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Fig. 5. Correlation plots between NIRS data and amylose content (A: Modified NIRS prediction model, B: NIRS draft model) and
protein (C: Modified NIRS prediction model, D: NIRS draft model) in the milled brown rice germplasm.
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Table 3. Calibration and cross validation results for the amylose and protein content of modified NIRS prediction model and NIRS
draft prediction model

) Modified NIRS model NIRS draft model
Constituent
RSQ SEC SECV 1-VR N RSQ SEC SECV 1-VR
Amylose 465 0.970 1.010 1.048 0.967 504  0.956 1.159 1.180 0.957
Protein 473 0.983 0.158 0.163 0.982 511 0.982 0.164 0.169 0.981

Table 4. External validation results of NIRS equation model for the amylose and protein content in the milled brown rice

. External validation NIRS equation model
Constituent >
N r SEP Slope N RSQ SEC Slope
Amylose 132 0.962 2.349 0.811 465 0.970 1.010 1.000
Protein 124 0.986 0.415 1.038 473 0.983 0.158 0.998

A 2Ll A AABI @7 NIR oS d-S 243k}t Hwang et al, (1994)0] B35t 23} U25k= ?‘%‘EO]%EP of
Z7}4QI NIR 24 W HA1 B0 2 o2 A =iz A= 1710] Q2 A SEP 0,882, THHA SEP 0,280, Hwang ', 1994).
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