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The removal of cadmium from rice optimized by response surface methodology
CAI Wenhua, SU Zujian, HU Shuguang, HUANG Weixiong, FAN Jianbin, CHEN Ming
(Guangdong Center for Disease Control and Prevention, Guangdong Guangzhou 511430, China)

Abstract: Objective To reduce the content of cadmium in rice, the method of cadmium removal from rice was

established and the extraction conditions were optimized by response surface methodology. Methods The cadmium
extraction rate was used as the index to screen the cadmium removal methods. Commercially available cadmium positive
rice was chosen as the test sample and four kinds of food grade organic weak acids were chosen as extractants. The
concentration of acid solution, extraction time, solid-liquid ratio and rice powder particle size were used as independent
variables to carry out the single factor extraction. And the optimal conditions for removing cadmium from rice was obtained
by response surface design. Results The optimal conditions for removing cadmium from rice were 4.2% acetic acid
solution, 11 min extraction, liquid-to-material ratio 13: 1 (mL/g) , and at least 50 mesh for rice flour. Under these
conditions, the average removal rate of cadmium in rice was 98. 67%. Conclusion The experimental model is reasonable

and the optimized extraction method is feasible. The removal or reduction of cadmium in raw rice is realized with optimal

cadmium extraction conditions, which provides a scientific method for the research on cadmium removal from cadmium-

contaminated rice.
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Figure 1  Effects of the concentration of the extracted acid

solution on the extraction of cadmium
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Figure 2 Effects of extraction time on cadmium extraction
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Figure 3  Effects of liquid—to—material ratio on cadmium
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Figure 4  Effects of rice flour particle size on cadmium extraction
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Table 3 Experimental design and results of response surface

optimization
Fs A B c D Y HRECR/ %
1 1 0 1 98.67
2 0 0 1 -1 66.67
3 1 1 0 0 98.69
4 0 0 0 0 98.94
5 0 0 -1 -1 58.22
6 0 1 0 -1 66.53
7 -1 0 -1 0 75.40
8 0 0 0 0 98.94
9 -1 0 0 -1 56.94
10 0 0 0 0 98.94
11 1 0 1 0 98.9
12 0 1 1 0 100.87
13 1 -1 0 0 81.47
14 -1 1 0 0 86.15
15 0 1 -1 0 88.1
16 0 -1 -1 0 72.73
17 -1 0 1 0 86.33
18 0 -1 1 0 83.27
19 1 0 -1 0 86.37
20 1 0 0 -1 65.22
21 -1 -1 0 0 71.12
22 0 1 0 1 100.65
23 0 -1 0 1 83.09
24 0 0 -1 1 88.09
25 0 0 0 0 98.94
26 0 0 0 0 98.94
27 0 0 1 1 100.85
28 0 -1 0 -1 54.92
29 -1 0 0 1 86.13
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Table 4 Significance test and analysis of variance of regression model
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Figure 5 The interaction between acetic acid concentration and extraction time
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Figure 6 The interaction between the acetic acid concentration and the particle size of rice flour
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