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ABSTRACT: Objective To establish a rapid quantitative identification model of cadmium in brown rice and
polished rice based on the determination of cadmium in paddy-rice by X-ray fluorescence spectrometry to simplify

the pretreatment steps such as hulling and milling of stored rice for heavy metal detection. Methods X-ray

BE&WA: HFE MR H 2017YFC1600602) . B 5 5+ T /F % 55350 H (2015FY111300) . ¥ #§ 4 F KA 35 £ W H
(201300110200), [ Z B A BN T H AR L lk H LI T B BRI H (20200105)
Fund: Supported by the National Key Research and Development Program of China (2017YFC1600602), the Special Foundation for National

Science and Technology Basic Research Program of China (2015FY111300), the Major Public Welfare Projects of Henan Province (201300110200),
and the Open Project of National Research and Development Center for Edible Fungus Processing Technology (20200105)

SBEEE: T8, ML, UIRR, EEWMR TN E RS A 1.5 B JH# . E-mail: fengwang88@163.com
*Corresponding author: WANG Feng, Ph.D, Professor, Institute of Food Science and Technology, Chinese Academy of Agricultural Science,
No.2, Yuanmingyuan West Road, Haidian District, Beijing 100193, China. E-mail: fengwang88@163.com



5 20 3]

R, A TR X FERTOEIEHE I PR PR R KRR R 45 3%

8019

fluorescence spectrometry was used to analyze the cadmium content in 26 groups of paddy-brown-polished rice
samples in one-to-one correspondence. The regression models of cadmium content in paddy-brown rice,
paddy-polished rice, and brown-polished rice were fitted respectively according to the linear, logarithmic, inverse,
quadratic, cubic, power, exponential functional relationships. Another 4 groups of samples were used to verify the
accuracy of the model whose coefficient of determination (+?) was greater than 0.95, and the best fit models were
screened according to the coefficient of determination and error value of the verification experiment. Results There
were strong correlations among paddy-brown-polished rice in cadmium content, based on this, the rapid identification
models of cadmium content in edible rice were shown as follow: Paddy-brown rice cubic function regression model
Y=0.0131+0.7178X+0.5722X%-0.3492X°> (+°=0.9859); paddy-polished rice cubic function regression model
¥=0.0284+0.3779X+1.5500X>-1.2046X> (+’=0.9855); brown-polished rice power function regression model
Y=0.9412xX"9%3 (;2=0.9902), the absolute errors of the prediction results of the 3 models were 8.91%, 8.57% and
10.24%, respectively. Conclusion The regression models established in this study have good mutual prediction
performance of cadmium content in rice, which is expected to simplify the pretreatment process of rice hulling and
milling before cadmium detection and improve detection efficiency.

KEY WORDS: paddy rice; brown rice; polished rice; cadmium; regression model; quantitative identification; X-ray
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F 1 ICP-MS 1 XRF MEFAH R Cd & ELE(n=6)
Table 1 Comparison of cadmium content in rice samples by ICP-MS and XRF (n=6)
FE AP FE i RS ICP-MS/(mg/kg) XRF/(mg/kg) A 22 /%
1 0.613+0.024° 0.590:£0.031° 3.75
4 2 0.674+0.036" 0.713£0.060* -5.79
3 0.273+0.015° 0.240+0.012° 12.09
1 0.592+0.044° 0.563%0.076° 4.90
K 2 0.602+0.046 0.573+0.090° 4.82
3 0.220+0.021° 0.213+0.015° 3.19
1 0.573+0.053* 0.560:£0.084° 2.27
KK 2 0.633+0.037° 0.607+0.040° 4.11
3 0.205+0.019° 0.197+0.036° 3.90
1 0.862+0.103° 0.783+0.091° 9.16
He 2 0.791+0.114° 0.733£0.115° 7.33
3 0.368+0.030° 0.303+0.043° 17.66
FE: ar [AATAH R RN RN TAAE 1B 35 M 25 5+ (P>0.05), TR,
*2 WEAEHEARATF Cd EE(N=6)
Table 2 Cadmium content in rice and husk before and after washing (n=6)

FE T4 5 LR/ (mg/kg) RS /(mg/kg) AHXHR 22/%
Gl 0.718+0.076" 0.720+0.145° 0.28
G2 0.204+0.026 0.193+0.025° 5.23
G3 0.162+0.030° 0.173+0.012° -7.00
K1 0.842+0.101° 0.730+0.131° 13.30
K2 0.248+0.039° 0.264+0.086° -6.45
K3 0.160+0.084 0.176+0.047° -10.00
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Fig.1 Cadmium content distribution of 4 kinds of samples
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FEAT-REK . FEAT -G ACRIRE A7 K A B 2 WO A AR ) 361
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AR S 56 I B i B T SR iy, S5 IBH R A
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Ay A REAS - REOK 4L A9 =R RR B IED S T AR AR
¥=0.0131+0.7178X+0.5722X%-0.3492X°; FE4% -4 K 2H (1 =
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Table 3 Correlation of XRF test values of cadmium content in paddy rice, brown rice and polished rice

XRF izt {E Pearson ¢ R £ (r) T{H T il FHE (R E K P=0.01) T il FHE (B FKF- P=0.05)
LRESHP/S 0.9919 49.26
(S PN 0.9916 48.30 2.51 1.72
USSP 0.9924 51.03
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Fig.2 Cadmium content prediction model fitting curves
F4 EEAREREARBES
Table 4 Regression models descriptions and analysis of variances
Cd 7 5 A A PRI ” FAi P EYEpp
2k 0.9851 1320.341 0.000 ¥=-0.0179+0.9848X
TR 0.8571 119.999 0.000 Y=0.7197+0.3061xlogX
i 0.5458 24.035 0.000 ¥=0.5609- @
DTN A Y
frize Aok e 0.9857 654.744 0.000 Y=-0.0004+0.8712X+0.1262.X>
=K 0.9859 418.783 0.000 ¥=0.0131+0.7178X+0.5722X%-0.3492.X°>
w 0.9802 992.545 0.000 ¥=0.9299x X' 0108
B 0.9126 208.791 0.000 ¥=0.0914x¢>926%X
2tk 0.9830 1158.361 0.000 ¥=-0.0196+0.9177X
XL 0.8622 125.141 0.000 ¥=0.6691+0.2864xlogX
i 0.5502 24.469 0.000 ¥=0.5207- 20470
Ft-Hik —K 0.9830 550.419 0.000 ¥=-0.0180+0.9073X+0.0116.X>
=R 0.9855 406.523 0.000 ¥=0.0284+0.3779X+1.5500X>-1.2046.X°
T 0.9747 769.448 0.000 Y=0.8762xX"03%

B 0.9036 187.546 0.000 ¥=0.0813xe>*%1
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XFE 0.9042 188.667 0.000 ¥=0.6950+0.2872xlogX
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Mk S/ M
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w 0.9902 2026.060 0.000 ¥=0.9412x X033
EiTp e 0.8892 160.471 0.000 7=0.0873xe>?%42X
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