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Table 1. Results from calibration and validation sets for fat acidity reference analyses

Calibration set Validation set

Mean 19.80 20.01
Standard deviation 3.37 3.33
Minimum 13.02 13.76
Maximum 27.85 26.32
Varieties 50 30

Sample size 90 50

PSD? 0.66 0.64

z Pooled standard deviation (PSD) of duplicate analyses
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Fig. 1. Distribution of calibration and validation sets.
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Table 2. Multiple linear regression (MLR) model performance for fat acidity of whole-kernel samples model.

Model gﬁ 2, SEC F 3 SECV 1%, Bias S SEP RPD Rating
Log (1lR) 1 013 223 - 009 229 - - - 242 14 NS
2 031 198 - 027 206 - - - 263 13 NS
3 076 117 - 074 123 - - - 124 27 NS
4 082 101 132 079 109 083 -036 104 109 31 F
5 08 08 174 087 087 08 017 099 101 33 F
6 09 077 153 087 08 08 020 102 099 34 F
7 091 074 142 08 079 08 015 101 094 35 F
8 092 068 - 091 070 - - - 121 28 NS
9 093 0.5 - 092 069 - - - 121 26 NS
Second 1 026 205 - 023 211 - - - 234 14 NS
difference” 2 049 171 - 046 177 - - - 178 19 NS
4 074 121 - 071 128 - - - 131 25 NS
7 082 100 - 078 112 - - - 134 25 NS
9 087 087 - 083 099 - - - 250 13 NS

*The recommended model for whole-kernel rough rice calibration, wavelengths selected (A;, nm): 1196, 1376, 1604, 1680,
1780, 2100, 2380, coefficients (B, By,--- By): -2.098, 752.657, -861.416, -1655.365, -862.59, 2620.984, 190.064, -196.91.

Z Rating of RPD: F = Fair (3-5); NS = Not Satisfactory (<3); RPD, ratio of standard deviation (SD) of the data in validation
set to SEP = SD/SEP.

¥ wavelengths selected (A;, nm): 1652, 1756, 1100, 1576, coefficients (Bg, By,.-- By): -3.014, -1700.378, 2232.697, 164.209,
-701.381.

* wavelengths selected (A; , nm): 1680, 1756, 1176, 1604, 1380, coefficients (Bg, By,-.. By): -4.477, -1255.998, 2492.569,
506.550, -1174.626, -582.063.

W wavelengths selected (A, nm): 1692, 1756, 1184, 1600, 1380, 1272, coefficients (Bg, By,-.. By): -3.974, -1774.46,
2985.682, 801.879, -1135.618, -674.853, -228.31.

v Second differences were computed as three segment second central difference. The moving average was 24 nm, the
derivative segment was 24 nm, and the gap between derivative segments was 30 nm; 12, , coefficient of determination of
calibration; SEC, standard error of calibration; 12, , coefficient of determination of cross validation; SECV, standard error
of cross validation; rZ;, coefficient of determination of validation; SEP, standard error of prediction; Bias, the mean of
the reference values minus NIR predicted values; S, slope of validation; F, F values.
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Fig. 2. Percentage of explained variance and estimated predictive root mean square error of cross validation
(RMSEYV) for fat acidity in different particle sizes as a function of the number of principal components
(PC) in the calibration models.
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Table 3. Near-infrared reflectance spectroscopy (NIRS) calibration and validation results for fat acidity of both
whole-kernel and ground rough rice using partial-least-squares regression (PLSR) model.

Calibration set Validation set

Whole kernel Ground Whole kernel Ground
Mean 19.8 19.8 20.01 20.01
SD 3.37 3.37 3.33 3.33
PC 9 12 - -
2, 0.93 0.97 - -
SEC 0.66 0.68 - -
2 0.90 0.95 - -
SECV 0.81 0.71 - -
12, - - 0.87 0.94
SEP - - 0.83 0.73
Bias 0.032 -0.012 0.21v 0.16Y
Slope 0.99% 1x 0.98% 0.99%
RPD - - 4.0 4.6
Rating - - F F

z Bias for cross validation; ¥ Bias for validation; * Slope for cross validation; ¥ Slope for validation.
4, , coefficient of determination of calibration; SEC, standard error of calibration; 1%, coefficient of
determination of cross validation; SECV, standard error of cross validation; 1%;, coefficient of
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determination of validation; SEP, standard error of prediction; RPD, ratio of SEP to SD; F, fair (RPD = 3 to
5).
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Fig. 3. Relationship between fat acidity measured by chemical analysis and by NIRS employing a 12-PC
PLSR model for ground samples.
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Table 4. Calibration results for fat acidity of whole-kernel rough rice using partial-least-squares regression
model at different wavelength regions.

Wavelength (nm) PC No. of samples 2 SECV Bias
1100-2500 9 90 0.90 0.82 0.03
1100-1396 10 90 0.58 1.65 -0.02
1100-1496 13 90 0.62 1.56 -0.02
1100-1852 8 90 0.85 0.98 -0.02

1500-1796 8 90 0.58 1.65 -0.03
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Fig. 4. Regression coefficients in calibration models on all wavelengths of 9-PC PLSR model for
fat acidity analysis of whole-kernel rough rice.
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Table 5. Comparison of different calibration performance of fat acidity.

PE? SO NI
2, SEC SEP 13 SEC 13, SEC 12, SEP RPD
BT FARY 070 836 874 083 08 093 066 087 08 40
AT 070 860 1957 097 068 094 073 46
BORT 1K 084 179 344
WREEkK 068 258 490

= BIR RN ESTAL MR EAR B

Niernberger 5 Williams A FIRBAR IR MR IERR < LB QREBEEMUE T2 -
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Table 6. Statistical Results for testing the effect of four different whole kernel rough rice temperatures

onprediction accuracy of NIRS calibration.

Grain temperature 10C 20°C 30°C 40°C
Bias? -2.55 -0.96 1.74 4.52

SDY 2.37 1.88 2.12 381

T* 7.61 3.61 5.8 8.39

z Bias: Mean for NIRS calculated minus chemical analysis values (mg KOH/100g dry matter).
¥ SD: Standard deviation (mg KOH/100g dry matter).

_ |Bias |
x =Sy /vm »m=number of samples, m=50.
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Fig. 5. Relationship between bias and grain temperature.
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Determining the Fat Acidity of Rough Rice by
Near-Infrared Reflectance Spectroscopy

Wang-Sheng Li and Jai-Tsung Shaw

Summary

Near-infrared reflectance spectroscopy (NIRS) was used to develop calibration curves for
determining the fat acidity of whole-kernel and ground rough rice with 13% moisture content at 25°C.
Partial-least-squares regression (PLSR) uses the optimal calibration curve for whole-kernel rough rice to
measure the coefficient of determination of validation (r;) and standard error of prediction (SEP) of
0.87 and 0.83 mg of KOH/100g of dry matter, respectively. However, the optimal calibration curve for
ground rough rice has a higher of validation (rZ;) and lower SEP of 0.94 and 0.73 mg of KOH/100g of
dry matter, respectively. From 10 to 40°C, the temperature effect causes an increase of 0.24 mg of
KOH/100g of dry matter/C in the predicted fat acidity of whole-kernel rough rice.

Key words: Near-infrared reflectance spectroscopy, Fat acidity, Rough rice.



