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Optimization of Heavy Metal Cadmium Removal from
the Whole Rice by Acid Process
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LI Juan, LI Yanan, CHEN Zhengxing
(National Engineering Laboratory for Gereal Fermentation , Jiangnan University , Wuxi 214122, China )

Abstract: In order to solve the problem of food safety caused by excessive cadmium content in rice,
the whole Cadmium-contaminated rice was soaked in dilute hydrochloric acid to remove Cadmium
from rice. Then the effects of reaction time,solid to liquid ratio,reaction temperature and
concentration of hydrochloric acid on the Cadmium removal efficiency and concentration of rice
protein were investigated. On the basis of single factor tests,the Cadmium removal process of rice
was optimized by response surface test. It was found that the Cadmium removal efficiency was up to
87.21% with a loss of rice protein about 16.50% , when the extraction temperature, the solid to liquid
ratio , the concentration of hydrochloric acid and the extraction time were 45 ‘C ,1:2,0.12 mol/L and
120 minutes respectively. These results suggest that the method of soaking rice in dilute hydrochloric
acid can effectively remove the heavy metal cadmium from rice.
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Table 1 Physicochemical indexes of Cd—contaminated indica rice
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Fig. 1 Effect of extraction time on Cadmium removal

efficiency and concentration of rice protein
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efficiency and concentration of rice protein
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Fig. 4 Effect of HCI concentration on Cadmium removal
efficiency and concentration of rice protein
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Table 3 Result and design of Box-Behnken experiments

P
1 =1l =1l 0 0 72.09
2 1 =l 0 0 85.93
3 =1l 1 0 0 78.37
4 1 1 0 0 88.14
5 0 0 -1 =l 75.93
6 0 0 1 =1l 83.83
7 0 0 -1 1 79.07
8 0 0 1 1 87.55
9 =1l 0 0 =1l 67.56
10 1 0 0 =l 81.05
11 =1l 0 0 1 76.97
12 1 0 0 1 87.09
13 0 =l -1 0 78.72
14 0 1 -1 0 79.53
15 0 =l 1 0 84.88
16 0 1 1 0 87.79
17 =l 0 -1 0 57.80
18 1 0 -1 0 82.91
19 =1l 0 1 0 78.83
20 1 0 1 0 86.63
21 0 =1 0 =1l 79.42
22 0 1 0 =l 84.65
23 0 =1l 0 1 83.83
24 0 1 0 1 87.44
25 0 0 0 0 86.39
26 0 0 0 0 81.51
27 0 0 0 0 85.52
28 0 0 0 0 84.18
29 0 0 0 0 84.64

Ty 25 W a5 R IR 40 NFR 4 W1 BRI P (.
/NTF0.05, R B HA S ¥E X, R=
0.948 2 FRWIEE 75 B X S50 oA RAF LA ROCR
F AR f 5 e O 5 M DG T T A0 B w4 T R
2 16) ) 56 22 I FH Ob R TR0 S R 95 9 ROk O B T 4 )
S 00 B PR BCR BEA T F0I (BRGS0 AT DA 3 45
TH SN B2  ASCSD>B , BIVER R e B > B

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.8 2019



F R E ERPE AR RN R LA

LYsS

TE

3L

o> B2 07 i B > [ W B[R], —IRI A . C D B YR 3
AC A* XTI 5 23 1 52 A 2 2% (P<0.01), — kI B
K ORI CP R (P<0.05), HAT AR B3
(P>0.05), Mg 25 5L d sy (B E B R 7 R Oy

x4

S 2A
w

R =84.45 +6.684 +1.75B +4.63C +2.46D -1.02AB -

HE

4.33AC-0.84AD +0.53BC-0.41BD +0.15CD -4.97A*+
0.96B°-2.46C*-1.09D%,

S

Table 4 Analysis of variance

I T T

*ﬁ*” 1193.02
A 535.07 1
B 36.93 1
C 257.15 1
D 72.57 1
AB 4.14 1
AC 7491 1
AD 2.84 1
BC 1.10 1
BD 0.66 1
CD 0.084 1
A2 160.21 1
B? 5.95 1
c? 39.17 1
s 7.74 1
k2% 65.14 14
SR 51.48 10
iR 22 13.66 4
T % 2550 3 (P<0.05) 5% 22 5 bk i 3 (P<0.01)
252 rapw@mBE sy ERERWE | RN

I L LA B B 7 i BE 22 1) B 58 H A T 68 DR OK 3R 4

R LIS, o L T A AR BB T 4% N R
PN SESEES R NN S DN A PUPN

KRR 2R ) 50 B 2 AL 5 (a~f) AT AT, AB LAC
AD X ROKBREGR5E 50 1 2, RIRR VR B 5 A
] T T 2 55 W T b | TR Wk R 5 R X ROK v i 4
& B LR R A Oy L IRk SR R R IR R
AT DL PR 2R ] ) S8 AR R S W, B R

A=A
AL

0.15
0.12

)
|\““\
ﬁ ‘g»

A

(a) o 0] R AR JEE

0.09

571
98.57
i 0.06

85.22
535.07
36.93
257.15
72.57
4.14
7491
2.84
1.10
0.66
0.084
160.21
5.95
39.17
7.74
465
5.15
3.42

18.31 0.000 1
114.99 0.000 1 S
7.94 0.013 7 &
55.26 0.000 1 G
15.60 0.001 5 aat
0.89 0.361 5

16.10 0.001 3 S
0.61 0.447 7

0.24 0.634 0

0.14 0.712 9

0.018 0.895 0

34.43 0.000 1 S
1.28 0.277 2

8.42 0.011 6 &
1.66 0.218 1

1.51 0.368 5 ENTES

AD H R M HAEHE I,

253 RMETELEMRE i H Design—Expert
8.0.6.1 AP X R 47 43 # , A5 B RY (9 S T2
SRR . R FR VM E 0.12 mol/L, i ] 120 min,
BB LE 1:2, 18 45 °C, U ot 4 14 F B9 BR 5 R N
90.97% ., MR8 L bR VEBR | ok 0 B4 Ak 1 R R T
W FE 0.12 mol/L, B} [E] 120 min, BH FE 1:2, 3R &
45 °C, WM T ER 3 WK, Frs sl i Kok
TR (A (E R 87.21% , M 45148 T i 45 21 i K K

0.15
N
0.12 Ik‘““\l\

&\ WM‘@{

1.00 0.06 00

(bR i LL~ER vk

LS A il A S 2019 EE 38 B E 8 A




RESEARCH ARTICLE LI Kegiang,et al: Optimization of Heavy Metal Cadmium Removal

from the Whole Rice by Acid Process

2.50 124.29
2.00 107.14

8%/57& 1.50 100 90.00 B‘ﬁ@l“{m
()i [l L~ ]

‘gggﬁ%/%

107.14

TN s 35.00 -
30000000 g™ Plifgse, 3000100t

5.00

40.00
D I 3

(e) 1] (OB ¥ L
5 PWEERZ IR KKERR R I A &

Fig. 5 Effect of interactions between two factors on response surface of cadmium removal efficiency
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2019 4F 7 A 22 H , T & AR HE S (FSANZ) & 4 8519 ‘i 4, Hirb 1155 5 # it 40tk o 76 2L 7 22 i 55 HoAl
PR T 2" -0 AR R (2'-FL) 5 FLAR N7 PUAE (LNnT) . % T/ J6 L0 b v KL E (4 2L IC J5 7= i 10 3L 1
SARUE BN R me/100 kI, A T 45 BUA L AR 3E— B, FSANZ #380K: 22 LS J7 & & b 2'—FL Al LNnT fR 0 il i fie K it DA
mg/100 kJ S B0, ARG (D) AnRALER N 2'=FL,2'-FL A i 96 mg/100 kJ; (2) 4n 7 i 2/=FL A LNoT, U LNnT R
#f i 24 mg/100 kJ, 3 H 2'—FL A1 LNnT #) & A1 A #8 it 96 mg/ 100k]

[ Bk T JE 1] WTO/TBT-SPS 38 4i ¥ 1) T 45 3. W7 004k o 76 LTS 5 £ W Sl 2/ -0 Sl st 3L i 5 7L
R -N—#7 14 8% [EB/OL]. (2019-7-23). http://swj.xm.gov.cn/xmtht—sps/show.asp?id=59982
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