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Determination of Rice Milling Ratio by Visible/Near-Infrared

Spectroscopy
Z o e ol g o 2 & A
CEK 384 EL
J. M. Kim B. K. Min C. H. Choi
ABSTRACT

The objective of this research was to develop model equations for measuring rice milling ratio by using visible/
NIR spectroscopy. Twelve kinds of brown rice(n =149) were milled to obtain various milling ratio ranged from 86%
to 94%. Visible/NIR spectra were collected with a spectrophotometer with sample transport module. The
reflectance and transmission spectra were measured in the range of 400~2,500nm and 600~ 1,400nm, respectively,
with 2 nm intervals. Multiple linear regression(MLR), Partial least square (PLS), and Artificial neural network(ANN)
were used to develop models. Model developed with reflectance spectra showed better prediction results then those
with transmission spectra. The MLR model with six-wavelength obtained from first derivative spectra gave to the
best results for measuring the rice milling ratio(SEP = 0.535, r* = 0.980). The PLS model(SEP = 0.604, r* = 0.976)
and ANN model(SEP = 0.566, r* = 0.978) also can be used to determine the rice milling ratio effectively.

Z 9 8-0] (Key Words): 7}A} A (Visible), 22 2] 4 (Near-Infrared), &(Rice), 3 W8 =& (Milling ratio), t}5 3
A E A (Multiple linear regression), -3 & A x}45 % (Partial least square), 41 73 & 2%
(Artificial neural network)
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Fig 1. Raw, 1st and 2nd visible/NIR Reflec-
tance spectra for brown rice and
various milling ratio.

F3EE Ve O¥ 1& oo Fusgd
AA, 12 A 23} ]2 gia AP EZ S el
At

Lt B8l RS 0|88 HULS 5T

0537 4E olgste] Fusg 53
Adst7] fate] pAE 9 AX g A F
Yok AAEA o2 WAl 9 B3 A9 EH)
] step-up, stepwise H3-g 2-8-3t ).

A} AHEHO AL StepwiselHo g AAF
FAAM AFRAFE kA g3 HEs} 7 4om,
gap 8nmZ o] 13} w8 F 67)9 npA-S M)
Fe W AT S 7 5 YA AHEE
32 404, 1,184, 1,216, 1,732, 1,734, 1,846nm S t}.
o] Z2#}E HtBOo R FIAFAY 404nmE A 9T F,
1,100~2,500nme] 2294 GAgg o] §ate] A2
& E9E FIARAL £ ARE 7R 54
o metA, 2o Ausg Y 29 A FA T

> to
%
I ao

£ &
o

C2HIME EPE 400~2500nme] THH £l ol

Nisojol & Ao g wkdch

2 A7 78 o3 A 2doly myr o’
= 0984, SECE 0.416%2.2 VeI O H, 57719 1)
ANzl st HAFEE AF} rE 0980, SEPE
0.535%, Bias:= —0.0692 et} o] 4L o488

Bdde ¢4 AN E 1S BEHA 24 A

£ vetdd, 29 2= A4 539 d9esgd o
3 R4 &3 g #AE vehd Aol
600~1,400nm G AHojax AHNEHS EA
AHEH A Sox v} AHREH ] F9-9 F4}
g ARE Bg 5 oAUtk AREAE AAEA o
I B85 7 4nm, gap 8nmE 3o 13} v} R F
6719 F3E& MEs 2do] g ¢4 dHon,
ZARY rE= 0973, SECE 0.549%2 Jebtt}. o]
o), A28 B3-S 610, 664, 684, 692, 968, 1,228nm
Atk F3 AHEHE o} &35 57719 nA AR
o thste] AZS A P 0963, SEP: 0.724%,

e
i
=4

—337-



S22 AEHA A22A A3F 19979 99

Bias: —0.0782 vbebyrch.
99 FR2E JAse 542 A% 457
BRE WA AHEYS ol §5e} A FAc)A

Table 1 Summary of multiple linear regression method for calibration and validation results
using six wavelength calibration equations by reflectance

Math. No. of Calibration Validation
Preprocessing
Treatment Wavelength 2 SEC - SEP Bias
Raw 6 0.984 0.420 0.977 0.577 0.019
None Ist deriv. 6 0.984 0416 0.980 0.535 0.069
2nd deriv. 6 0,980 0.465 0.967 0.701 0.092
Raw 6 0.978 0.488 0.967 0.697 ~0.039
SNV &
Ist deriv. 6 0.976 0.510 0.964 0.724 ~0.078
Detrend
2nd deriv. 6 0,980 0.473 0.969 0.802 ~0.073
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Fig 2. Comparison of actual and predicted
values for milling ratio by visible/NIR
Reflectance. (Multi-Linear Regression)
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Table 2 Summary of partial least squares method for calibration and validation resuits by

reflectance
Calibration Validation
Preprocessing Math. Factor
r SECV r SEP Bias.
None 8 0971 0.556 0.981 0.529 ~0.063
MSC Raw_data 4 0.970 0.564 0.976 0.604 —0.145
SNV & Det. 7 0.964 0.621 0.973 0.620 ~0.016
None Ist 5 0.972 0.547 0.976 0.604 -0.132
MSC derivative 5 0.970 0.572 0.975 0.596 -0.029
SNV & Det. (gap = 4) 5 0.966 0.603 0.974 0.606 -0.028
None 2nd 6 0.971 0.558 0.974 0.607 -0.010
MSC derivative 5 0.964 0.625 0.971 0.642 -0.014
SNV & Det. (gap = 20) 13 0.972 0.553 0.972 0.636 0.043
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Fig 3. Comparison of actual and predicted 7% Z2& A3
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Table 3 Summary of artificial neural network
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method for calibration and validation results by

reflectance
Math. Calibration Validation
Preprocessing
Treatment r SEC r SEP Bias
MSC Raw 0.979 0.454 0.968 0.690 —0.154
None 1st deriv. 0.997 0.143 0.978 0.566 0.031
None 2nd deriv. 0.990 0.307 0.973 0.626 0.051
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Fig. 4 Comparison of actual and predicted
values for milling ratio by visible/NIR
Reflectance. (Artificial Neural Network)
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Table 4 The best result of calibration and prediction milling ratio for models

Math. Calibration Validation
Method Preprocessing
Treatment I SEC 1’ SEP Bias
MLR Ist derivative None 0.984 0.416 0.980 0.535 —0.069
PLS None MSC 0.970 0.564 0.976 0.604 —0.145
ANN Ist derivative None 0.997 0.143 0.978 0.566 0.031
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