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Table 1. The statistics of calibration and validation set for protein and amylose content analyses by wet chemicals
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Protein (% d.b.) Amylose (% d.b.)
Calibration Validation Calibration Validation
Set Set Set Set
Minimum 6.52 6.82 14 13.99
Maximum 11.51 11.11 25 20.99
Mean 7.98 791 18.00 17.71
SD 0.86 0.79 1.74 1.51
Varieties 45 25 45 25
Sample size 85 50 85 50
PSD? 0.06 0.06 0.12 0.12

z) Pooled standard deviation of the duplicate chemical analyses.
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Table 2. PLSR model performances for amylose and protein content calibrations of rough rice by a portable near-

infrared spectroscopy.
Contents Spectra Maths PCs Size Pl SEC Fov SECV

Log(1/R) D:(2,2,2) 11 85 0.93 0.40 091 0.46

SNV* No pretreatment 9 85 0.94 0.44 0.92 0.51

Amylose SNV MSC 9 85 0.93 0.45 091 0.51
SNV D:i(2,2,2) 12 85 0.94 0.42 0.92 0.50

SNV D:(2,2,2) 11 85 0.87 0.63 0.83 0.72

SNV D:(2,2,2) + MSC 11 85 0.92 0.49 0.89 0.57

SNV D:(2,2,2) + MSC 18 85 0.92 0.50 0.87 0.62

Log(1/R) D:(2,2,2) 11 85 0.93 0.18 0.91 0.21

Protein SNV No pretreatment 12 85 093 023 090 027
SNV D:i(2,2,2) 12 85 0.89 0.29 0.85 0.33

SNV D:(2,2,2) 14 85 0.89 0.28 0.84 0.34

z) Standard normal variate transformation; SNV.
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Fig 2. Relationship between explained variance, RMSEC, and RMSEV and the number of PCs in the calibration

models employing a PLSR model of SNV spectra for amylose content of whole-kernel rough rice.
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Table 3. Calibration results of amylose content of whole-kernel rough rice by using PLSR model at different
wavelength regions.
Wavelength region (nm) No of PCs Size Po SECV
950-1650 9 85 0.92 0.51
970-1380
1500-1650 9 85 0.84 0.71
950-960
1390-1490 5 85 0.11 1.67
950-1100 4 85 0.22 1.36
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Fig 3. Regression coefficients in calibration models on all wavelengths (9-PC PLSR model for amylose content
analysis of whole-kernel rough rice).
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Fig 4. Relationship between amylose content measured by chemical analysis and by NIRS employing a 9-PC
PLSR model of SNV spectra for whole-kernel rough rice.

5 BRAFARF IR EEEARE SNV BRHE % DL PLSR BT & B HE & BRSO vl i
##5 (explained variance) F S LRI IEAR AN 39 5 fRER 22 (root mean square error of calibration; RMSEC) K&
X Exz% . ¥R (root mean square error of cross validation; RMSE V)& g4l BRRIE - EE a3
B 12 R FEEE & ERERRTHRE ST i s S 00 % - R4R Unscrambler BRES B3 » B
RIFR R H'E < PLSR BIEARES 12 HRF 2R IERR -



(36) PRE W R SE T R e seas 30 5%

1.0 — 100
=
0.8 —80 _
| —=b— Explained variandce of cross validation | 9\_°
> 8 +  Explained variance of calibration g
% 0.6 SNy o RMSEC - 60 g
é s ! -« -RMSEV E
_ / - >
g 3
5 04— 40 g
0.2 S8 3120
0.0 T T T T 0

0 4 8 12 16 20
Principal components

B 5. BAFASIRIAEILARE SNV SR 2 DL PLSR HE=UE N v F HE & B IEAR TRl s R
B AR A S iRER = R X Bpae 2 39 /T IRER 2= B ¥ 47 o BRI

Fig 5. Relationship between explained variance, RMSEC, and RMSEV and the number of PCs in the calibration
models employing a PLSR model of SNV spectra for protein content of whole-kernel rough rice.
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Fig 6. Regression coefficients in calibration models on all wavelengths (12-PC PLSR model for protein content
analysis of whole-kernel rough rice).
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Fig 7 Relationship between protein content measured by chemical analysis and by NIRS employing a 12-PC

PLSR model of SNV spectra for whole-kernel rough rice.
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Table 4. Comparison of calibration performance of amylose content of portable near-infrared spectroscopy with
those of other's calibration results.

Apparit: Sample Peng etc. Chsunhi;nd Delwiche This study
pparatus
Sls "B, SEC SEP rfw SEC 2w SEP RPD rm SEC ra SEP RPD
R? 036 220 209 078 037
Bran + Luchbe P’ 043 203 279
S(X) X)
WW 039 184 212
pw” 062 144 39
Portable NIRS R 094 044 0.88 052 290
NIR WwW 089 1.30
Systems 6500  PW" 095 1.00
z) Rough rice. y) Powdered rough rice. x) Whole-kernel white rice.

w) Powdered white rice. v) Powdered white rice.
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= 5. FREAIMR OO ER AU ERIE 0 B & BIR AR ERE LR
Table 5. Comparison of calibration performance of protein content of portable near-infrared spectroscopy with
those of other's calibration results.

Apparatus Sample Peng etc. Chung and Shaw Delwiche This study
PP status fw SEC SEP rfu SEC rfa SEP RPD ru SEC rw SEP RPD
R’ 069 041 066 083 006
)
Bran + Lucbbe P’ 083 031 047
200 WW? 089 032 030
PW” 096 020 021
Portable NIRS R 093 023 088 028 282
NIR Systems 6500  WW 097 0.13
PW” 099 0.1
z) Rough rice. y) Powdered rough rice. x) Whole-kernel white rice.
w) Powdered white rice. v)Powdered white rice.
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Determining the Amylose and Protein Content of Rough Rice by
a Portable Near-Infrared Spectroscopy

Wang-Sheng Li and Jai-Tsung Shaw

Summary

Measuring the chemical compositions of rough rice by wet chemical methods can be used
for evaluating rice quality, but they are time-consuming, costly, and polluting. A portable near-
infrared spectroscopy system which includes a fiber optic probe, a diode array
spectrophotometer, ranging from 950 nm to 1650 nm, together with a portable computer were
developed to calibrate protein and amylose content of whole-kernel rough rice at 25°C and 13%
moisture content for a quick evaluation of rice quality. With standard normal variate
pretreatment of each original absorbance spectrum and then analyses by partial least-squares
regression, the calibration curve of amylose content by employing 9 principal-component PLSR
model had r-squared of validation and SEP 0.88, 0.52 %, respectively. For protein content by
employing 12 principal-component PLSR model, r-squared of validation and SEP were 0.88 and
0.28 %, respectively.

Key words: Portable Near-Infrared Spectroscopy, Rough rice, Protein and amylose
contents.



