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2 3 4
? Bran+Luebbe
InfraAlyzer 500 (Near infrared reflectance spectrophotometer,
NIRS)
5
(Multiple linear regression, MLR)
0.945 RPD ratio 3.00 0.783
RPD ratio 1.54 0.801 RPD ratio 1.74
0.956 RPD ratio 3.12 0.961
RPD ratio 3.68
RPD ratio 25
(2,3,7,8,10,11,18,19,21,23)
®
17 (NIRS) 1 NIRS
(1,4-6,9,12-17,19,20,22,24,25) NIRS
(19)
(3 NIRS
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465 204 ? 199

62 Udy cyclone 1,100

nm~2,500 nm (Bran+Luebbe InfraAlyzer 500) 4 nm

IDAS PICKs @
Blakeney et al.*” (Pasting
temperature) (Breakdown ratio) (Setback ratio) (Consistency ratio)

(Relative breakdown ratio) 5 IDAS
Delwiche et al.® (calibration)
(validation) 5 1 3 5
2 4 IDAS
(Multiple linear regression, MLR)

NIR (Multiple correlation
coefficient, r) (Standard error of calibration, SEC) (Standard
error of prediction, SEP) RPD ratio RPD ratio

NIRS (19,20)
1,100 nm~2,500 nm 4nm
log (1/R)
66.35~85.40
74.40 4,70 66.45~85.40
74.36 4.75 ( )
MLR 1156, 1704, 1728, 2284, 2304 nm 5
( ) NIR 0.945 SEC 1.558
C ) +4
NIR

y=3.538+0.954x ( ) 0.946 SEP 157 ( )
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81~85
Delwiche et al.(**?%) RPD ratio 2.5
2.5 5
RPD ratio 3.00 ( ) Delwiche et al.
0 .93-0.76 0.48
0.07 0.39~0.63 0.48 0.05
« )
MLR 1184, 1200, 1312, 2088, 2120nm 5
() NIR 0783 SEC 004( )
+0.1
NIR
y=0.180+0.632x ( ) 0699 SEP 004( )
RPD ratio 1.54
( ) Delwiche et al.*%?
0.44~1.61 0.80
0.15 0.50~1.21 0.79 0.12
«C )
0.60 ~1.20 MLR 2256, 2280,
2296, 2324, 2356, 2424 nm 6 ( ) NIR
0801 SEC 007 ( )
+0.2
NIR y=0.20040.753x ( ) 0.777
SEP 008( )
RPD ratio  1.74( )  Delwiche et al.**%
1.18~2.27 1.74
0.20 1.20~2.25 1.72 0.21
() MLR
2168, 2292, 2320, 2424, 2460 nm 5 ( )
NIR 0.956 SEC 0.06 ( )

+0.2
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0.949 SEP 0.07 (
RPD ratio  3.12 (

0.64
0.65
MLR

y=0.097+0.944x (

NIR

) Delwiche et al.

( )

2056, 2112, 2188, 2288, 2316, 2472 nm 6

NIR

19,20)

y=0.130+0.925x (

0.11~-3.33

0.15~3.30

1.42
1.49

0.96 SEC 0.18 ( )

0.5
NIR

0943 SEP 01 ( )

RPD ratio

RPD ratio 2.5

368( )

Table 1. Summary of reference values of congtituents in rice samples

Delwiche et al.(%20

Constituents Minimum Maximum Mean Standard deviation
Pasting temperature (°C)

Calibration 66.35 85.40 74.40 4,70

Validation 66.45 85.40 74.36 475
Breakdown ratio

Calibration 0.39 0.76 0.48 0.07

Validation 0.39 0.63 0.48 0.05
Setback ratio

Calibration 0.44 161 0.80 0.15

Validation 0.50 121 0.79 0.12
Consistency ratio

Calibration 1.18 2.27 1.74 0.20

Validation 1.20 2.25 172 0.21
Relative breakdown ratio

Calibration 0.11 3.33 142 0.64

Validation 0.15 3.30 1.49 0.65
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Table 2. The summary of wavelength for viscosity properties of milled rice powder in various calibrations

by multiple linear regression analysis

Consgtituents Wavelength (hm)
I, | 5 | 4 I 5 I 6

Pasting temperature 1156 1704 1728 2284 2304
Breakdown ratio 1184 1200 1312 2088 2120
Setback ratio 2256 2280 2296 2324 2356 2424
Consistency ratio 2168 2292 2320 2424 2460
Relative breakdown ratio 2056 2112 2188 2288 2316 2472

MLR
Table 3. The statistics for viscosity properties of milled rice powder by multiple linear regression analysis
Constituents No. of Wavelength r’a SEC rva SEP RPD ratio
Pasting temperature () 5 0.945 1.56 0.946 1.58 3.00
Breakdown ratio 5 0.783 0.04 0.699 0.04 154
Setback ratio 6 0.801 0.07 0.777 0.08 1.74
Consistency ratio 5 0.956 0.06 0.949 0.07 3.12
Relative breakdown ratio 6 0.961 0.18 0.943 0.18 3.68

3. = correlation coefficient of calibration;
SEC = standard error of calibration ;

rva = correlation coefficient of validation;
SEP = standard error of prediction;

RPD ratio = ratio of standard deviation (SD) of the total reference valuesto SEP = SD o,/ SEP
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Fig. 1. Distribution for pasting temperature of
milled rice powder in calibration (Cal.) and
validation (Val.) samples.
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Fig. 2. Residuals of modeled and reference values
for pasting temperature of calibration
samples.
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Fig. 3. Comparison of modeled and reference
values for pasting temperature of validation

Fig. 4. Distribution for breakdown ratio of milled
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Fig. 6. Comparison of modeled and reference
values for breakdown ratio of validation

samples.
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for setback ratio of calibration samples.
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y=0.097+0.944x °q
r=0.963

3 L

Relative breakdown
ratio, predicted
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Relative breakdown ratio, reference
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Fig. 15. Comparison of modeled and reference
values for relative breakdown ratio of
validation samples.
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Deter mination of Viscosity Propertiesof Ground
Milled Rice by Near Infrared Reflectance
Spectrophotometer (11)*

Mei Chu Hong?, Bo Jein Kuo® and Pey YeaYang*

ABSTRACT

By employing different rice varieties, including japonica, indica and waxy rice
grown in Taiwan, a method was developed to determine pasting temperature, breakdown
ratio, setback ratio, consistency ratio and relative breakdown ratio of ground milled rice
by the near infrared reflectance spectrophotometer (NIRS, Bran+L uebbe Infra Alyzer 500).
The results of multiple correlation coefficient and RPD values determined by multiple
linear regression (MLR) modeling are shown in accordance: r=0.945 and RPD ratio=3.00
for pasting temperature; r=0.783 and RPD ratio=1.54 for breakdown ratio; r=0.901 and
RPD ratio=1.74 for setback ratio; r=0.956 and RPD ratio=3.12 for consistency ratio;
r=0.961 and RPD ratio=3.68 for relative breakdown ratio. Models for breakdown ratio and
setback ratio predicted by MTRS were not sufficiently accurate (RPD ratio<2.5) to
warrant replacement of the RVA procedure. However, the optimal calibration curve for
pasting temperature, consistency ratio and relative breakdown ratio shows a higher
multiple correlation coefficient (r>0.94) and RPD ratio (>2.5). Such accuracy is not
sufficient for rice quality control during processing, but sufficient for initial screening of
high quality rice varieties in breeding program.

Key words: rice, near infrared reflectance spectrophotometer, viscosity properties.
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