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Abstract: Protein, fat, carbohydrate and moisture in rice are important nutrients in rice. The detection of these components needs to rely on
the national standard method. The detection process is tedious and has large pollution. In this experiment, 75 rice samples were studied, and their
contents of protein, fat, carbohydrate and moisture were measured by national standard method. Spectral information was collected by Antares 11
infrared spectrometer. Samples were divided into verification set and correction set, including 63 samples in correction set and 12 samples in
verification set. A quantitative model of protein, fat, carbohydrate and moisture of rice was established through six spectral pretreatment methods
and three modeling methods, and the model by running workflow was used to realize rapid detection of four components. The results showed
that proteins and carbohydrates followed by the first derivative and Savitzky-Golay filtering, while fat and water followed by the second
derivative and Savitzky-Golay filtering. The quantitative model of protein, fat, carbohydrate and water content in rice was established by Least
partial square method in combination with the measured values by national standard method and has high prediction accuracy. The internal
cross-validation coefficient of the prediction model of protein, fat, carbohydrate and moisture is 0.9266, 0.9333, 0.9198, 0.9175, and RMSECV
is 0.280, 0.133, 0.362 and 0.270, respectively. The internal cross-validation R value is above 0.91 and RMSECV is less than 0.35, which can
realize the rapid detection of protein, fat, carbohydrate and moisture in rice.
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Table 1 Parameter Setting of NIR
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Table 2 Statistical results of chemical determination of protein,
fat, water and carbohydrate content in rice (g/100 g)
I E g RME O RKRME O GR¥ME ARAEE

Mg 481 8.66 7.02 0.84
KEE  Eak 481 8.66 6.95 0.77
ek 5.39 8.12 7.08 0.77

BAESE 0.57 2.85 0.96 0.45
RIESE iEYa 0.57 2.85 0.90 0.37
IR 0.74 2.59 1.20 0.62

BALE 75.62 8047 7879  0.98
BRESE #oK 7562  80.47 7883  0.95

ey
IEE 7671 8038 7875  0.95

B 10.66 1461 1289 074
HEE kg 1066 1461 1289 068
e 1079 1447  12.93 1.02

B 2 AL, SRR ORI B TR & B
IR B G, Hodi KB 80.47, fe/IMEA
75.62; HUGEK S, BOR(EHN 14.61, He/ME N 10.66;
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Fig.1 Near-infrared spectrum of rice samples
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Fig.2 Correlation spectrum of each component in rice sample
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Table 3 The spectral range of protein, fat, carbohydrate and R 4 piow, 18 FPiib B AN A S,
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Table 4 Results of combination of spectral pretreatment and modeling method

L . REE e
i FaL 22 7 ik #ART R ses R RMSEP
—H5-4 SMLR 0.8658 0.370 0.8950 0.394
—H5-4 PCR 0.9825 0.138 0.9890 0.155
—Wr$4 PLS 0.9978 0.0485 0.9356 0.281
S5 SMLR 0.6201 0.580 0.1067 0.849
WS PCR 0.6333 0.572 0.2527 0.848
WS PLS 0.4237 0.670 0.1117 0.775
—Wr5- 3k +Savitzky-Golay JE % SMLR 0.8877 0.341 0.9044 0.360
—r5- 3 +Savitzky-Golay 7 34 PCR 0.9830 0.136 0.9868 0.161
- — 5%k +Savitzky-Golay & 5. PLS 0.9969 0.0578 0.9706 0.196
&Gk ZM-5-4+Savitzky-Golay-F-i5 SMLR 0.8111 0.433 0.9154 0.344
—¥~%4¢+Savitzky-Golay-F-7# PCR 0.9538 0.222 0.9560 0.290
Z W54k +Savitzky-Golay -7 PLS 0.9993 0.0278 0.8084 0.475
—-5-4k+Norris Derivativeg & SMLR 0.9251 0.281 0.9629 0.241
—Pr5-3k+Norris Derivatives 4 PCR 0.9836 0.133 0.9871 0.155
—WH5-#%+Norris DerivativesE 4 PLS 0.9830 0.136 0.9942 0.0965
—Hr-$-4%+Norris Derivative& i SMLR 0.9292 0.273 0.8768 0.373
— -5 #+Norris DerivativeJ& % PCR 0.9827 0.137 0.9897 0.148
W5 +Norris DerivativesE i PLS 0.9766 0.159 0.9844 0.150
—I4 SMLR 0.9487 0.117 0.9797 0.156
—M2 PCR 0.9685 0.0918 0.9788 0.160
—I4 PLS 0.9717 0.0871 0.9819 0.154
iy R4 SMLR 0.9152 0.149 0.9846 0.157
Y PCR 0.7698 0.235 0.1786 0.666
M3 PLS 0.9683 0.0921 0.6872 0.533
—Wr5- 3 +Savitzky-Golay & 34 SMLR 0.9484 0.117 0.9840 0.157

BT
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— W54 +Savitzky-Golay & 3% PCR 0.9686 0.0917 0.9794 0.161
—H-§-3k+Savitzky-Golay s % PLS 0.9681 0.0924 0.9828 0.146
Z W% +Savitzky-Golay-F- 75 SMLR 0.9508 0.114 0.9744 0.186
Z-§-%k+Savitzky-Golay-F % PCR 0.9626 0.0999 0.9770 0.148
— W%k +Savitzky-Golay-Fi5 PLS 0.9901 0.0517 0.9786 0.143
—-5-4+Norris Derivatives SMLR 0.9485 0.117 0.9873 0.136
—¥r5-3k+Norris Derivatives 4 PCR 0.9542 0.110 0.9850 0.141
—r5-4k+Norris Derivative;g & PLS 0.9527 0.112 0.9837 0.141
Z W54 +Norris Derivatives i SMLR 0.9635 0.0987 0.9888 0.116
= M-5-#+Norris Derivativejg & PCR 0.9582 0.106 0.9860 0.149
= M§-%k+Norris Derivatives& PLS 0.9595 0.104 0.9843 0.144
—H5-4 SMLR 0.8494 0.486 0.8307 0.546
—M-$4 PCR 0.9557 0.271 0.9606 0.275
—Wr$4 PLS 0.9734 0.211 0.7178 0.646
WS SMLR 0.7248 0.635 0.5404 0.907
WS PCR 0.7448 0.615 0.6650 0.685
—HSH PLS 0.9734 0.211 0.7178 0.646
— 53k +Savitzky-Golay & 3. SMLR 0.8526 0.481 0.8464 0.509
—H-§-4k+Savitzky-Golay s % PCR 0.9565 0.269 0.9607 0.276
—W-§-4k+Savitzky-Golay s % PLS 0.9658 0.239 0.9639 0.261
BRIRA 4 ) )
Z¥~5#¢+Savitzky-Golay -7 SMLR 0.7723 0.585 0.6866 0.684
Z¥~%#t+Savitzky-Golay -7 PCR 0.8961 0.409 0.7648 0.588
Z-§-%k+Savitzky-Golay-F % PLS 0.9754 0.203 0.8869 0.487
—¥r5-3k+Norris Derivatives 4 SMLR 0.8685 0.457 0.9366 0.350
—54%+Norris Derivative g % PCR 0.9471 0.296 0.9495 0.298
—¥r5-#k+Norris Derivatives i PLS 0.9524 0.281 0.9628 0.256
—M-§2+Norris Derivative;E % SMLR 0.8067 0.545 0.7427 0.664
= M~§-%k+Norris Derivative& PCR 0.9399 0.315 0.9702 0.223
—Hr-5-#+Norris Derivative& & PLS 0.9621 0.251 0.9655 0.323
—H5-4 SMLR 0.9267 0.254 0.9648 0.313
—Hg-4 PCR 0.9499 0.212 0.9588 0.299
—H5-4 PLS 0.9461 0.219 0.9635 0.291
— 4k SMLR 0.7192 0.470 0.7415 0.730
—HF3K PCR 0.7789 0.425 0.8358 0.656
Y PLS 0.9960 0.0606 0.9056 0.582
— W53 +Savitzky-Golay 7 34 SMLR 0.9292 0.250 0.9486 0.383
o — 53 +Savitzky-Golay 7 34 PCR 0.9499 0.212 0.9581 0.301
— W53 +Savitzky-Golay 7 34 PLS 0.9465 0.218 0.9626 0.292
W54k +Savitzky-Golay-Fi8 SMLR 0.8633 0.342 0.8697 0.514
Z W% +Savitzky-Golay -7 PCR 0.9527 0.206 0.9522 0.365
Z W% +Savitzky-Golay-F- 75 PLS 0.9800 0.135 0.9664 0.301
—~-%-#+Norris Derivatives & SMLR 0.9272 0.254 0.9589 0.316
—~-%-#+Norris DerivativesE & PCR 0.9594 0.191 0.9561 0.305
HTR
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—¥~54k+Norris Derivatives& % PLS 0.9463 0.219 0.9578 0.302
—H¥-5-4+Norris Derivativeje & SMLR 0.9251 0.257 0.9473 0.355
—¥-5-4+Norris Derivativeje & PCR 0.9590 0.192 0.9723 0.242
—H~-5-#+Norris Derivative& & PLS 0.9524 0.206 0.9605 0.294
<5 FIENETAIR S EFEAE T R AL
Table 5 Combination of Optimal Spectral Pretreatment and Modeling Methods
HAEE e
85 R AR TR IR 5 ik RAE Tk %
2 RAETAL 22 77 AR = RMSEC = RMSECY B4
Eak . 0.9969 0.0578 0.9706 0.196 9
. — -5 #t+Savitzky-Golay & %
IR PLS 0.9658 0.239 0.9639 0.261 8
Ko . 0.9800 0.135 0.9664 0.301 7
= Mr§-#+Savitzky-Golay & &
g s 0.9901 0.0517 0.9786 0.143 7
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LA GRS AT IACEE, @t PLS HE TR, 455
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It PLS W L Bl R P B A B K
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g O B IR TR AR RIS IR ER A it 1 SR8 R 23 A Y3 R
J7s HAREF B ARERNRZ PR . BT IE4EAH
K ZHR 7514 0.9969. 0.9901. 0.9658. 0.9800,
J7# RMSEC A 0.0578. 0.0517. 0.239. 0.135; Z&1IF
LRI AE R 4358 0.9706. 0.9786. 0.9639.
0.9664, 37774 RMSEP 4514 0.196. 0.143. 0.261.
0.301, TR EAE AT LT A MY i AR R TR 2 (1]
AR A, AR RE S R T R

Sl 25| 25 -
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20}
24 HRWEIHHE g .
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B RIS KR R AR R BRI & 0 1 2 3
KooKar e E e 8, RlbLE AR AElE. MARAE / (/100 g)
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ANFIIE AR, 3T R IEAR L I P 3~6. Fig.4 Quantitative model of fat
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Fig.3 Quantitative model of protein
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Fig.8 Results of cross-validation of protein quantitative model
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Fig.9 Results of cross-validation of fat quantitative model
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model
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Fig.11 Results of cross-validation of water quantitative model
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