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Optimization of the technology for reducing cadmium in

rice by mixed fermentation
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Abstract: Rice with cadmium content of 0.977 8 mg/kg was studied
as the main material, its cadmium removal rate was regard as the
basic measuring index. The process parameters of reducing
techniques for cadmium-tainted rice were optimized by single factor
test and Box-behnken response surface design. The investigation
were focused on the effects of temperature, time, mesh number of
rice, solid-liquid ratio, and inoculation amount. The optimal parame-
ters were found as follows: mesh number of rice 40, inoculation a-
mount 3, solid-liquid ratio 1 : 5, treated at 37 °C for 21 h. Under
this optimum conditions, the cadmium removal rate was 89.98%,
which was similar to the predicted value of 89.736 2%.
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Figure 1 Cadmium standard curve
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Table 1 The removal rate of cadmium in rice
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Figure 2 Effect of temperature on removal rate

of cadmium
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Figure 3 Effect of time on removal rate of cadmium

2.2.3  FOKBECT BB R 4w B R B R
K HE B AR AR K. Ok HECh 20 A,
SRS S RN i S R R v LD
A RE S ROR U K 0 T AR A 0 I A B N AL AR
T A U 5 L OROK L A 5 AR RO AR E o
ZIN TR TRER) 66 FEE 8 O RS T U AR I AR o A
BOTE 2 Ji A 38 H [ ROR KL O 40 B .

951
< 83
£g
3 E E9lf
B’ 2 b b ab
= EESQM
= g§7%
85 L L L J
20 40 60 80 100

H %

Mesh number of rice
AH IR 5 8 3R 2 X85 IROBT SR 22 T R 9 /8 P<<0.01
KV 2R W E
B4 XKBEMBABFENHYA
Figure 4 Effect of mesh number of rice on removal

rate of cadmium

2.2.4 CRHRLCXT B AR i S RH B RN L 1Y
ST B AR A T R R 2R L BN IR R R A
XS REAG W] B 25 B K I A B/ BRI pH R D, R
oK R G TR AR K A T ) B OR R T Y O I
BRSBTS 1 R L Y A T ORI
PCREIRIAE 2 o B R LE 9 3 K R B 1 pHL BE 2 1Y
T DR T 5 B R T 2 TR L Ak S 0 2 R R O TR
4 A JEE () A ol 2 0 ) AR 7 0 R B BB 2 T I L TR

951
= 83"
¢ R
%5\59]’ e de p
E2 2 be ‘
=z Eg9f b '
Sé& s ja
T o 4
~ 871
85 Il Il Il Il
1:2 1:3 1:4 1:5 1:6 1:7
BHE L

Solid-liquid ratio(g/mL)
AT 1 3R 2 A0 T R 22 B A R AE P<<0.01
KFEERARHE
B 5 Hikrst e e a

5 Effect of solid-liquid ratio on removal rate

Figure 5

of cadmium

FERHBEE 125 (g/mD) Sy bl s #EAT IS 25 14 R B 18 6 4L <
2.2.5 RFPEXT B AR AR b 6 AT B A A
LPIIRYUS R ivh e Bl | D O GO T N PR B G R T
B A AR B BB A D L DTS A T 4R B4 B 5 B
6 He R R B I B R I T . (E A I
JELA A IF R Ak S T . DR R 2 e Al A R R A K ER R
HhRT (SR B0 R 0 A B S T R i A T s AR K B
(1) 300 o A 5 L B (1) R L Bl 2 R 08 R R
J B g Ak [ E S 3%

95r
= _83f
PN
¥ EE9IF b
2 T; é ab b o ab
= g < 89(4
T ©
~ 87+
851 2 3 5 6
Heh i
Inoculation/%
AH R - B 7 GB35 QAT B M 25 5 K 30 7E P<<0.01
KV FERAEE
B6 BAEstpissiadn
Figure 6 Effect of inoculation amount on removal rate

of cadmium

2.3 MEERKEERSHH
2.3.1 WP 1] 43 B iR B 45 D AS S i S N
i6 F Design Expert 8.0.6 #{f, %t 3% 3 rft i i 56 £ ¥ il 17 %
TGN A B AR R S AT e 3 N E M T R -
Y=288.99+0.58A +2.37B+2.13C+0.31AB + 2.68AC —
1.67BC—7.09A* —2.64B> —3.40C*, (3)
Y 3R HAE M AT AN AR F 4, AR AT
LRI F =296.23,P<C0.000 1, 3275 6570 b 28, H 4570 (4
KRBT P=0.120 3>>0.05, A i 3 , 2 WA AL 700 9 400 & B 4R A
TR LR 2ZE SR . B E RE R =0.997 4, %
Y I8 3R ST I 5 000 A 2 o) EL AT A A A L TR R R AR
Ry =0.994 , 3 B 24 A B8 B F A B 99.4 %6 miag B {19 45 1k
T R E R =0.968 2., 15 B2 B Y T 14 45 4, B bk i s
BYR] L F 43 B AUE0I R oK & B g R . BRI BLCLAC,
47



F33HEFESH Wi R4 R B R BRI OOK PR I T2 AL

BCA? B, C? X Wi 17 1 14 2 W 37 Sy 4 35, 130 B9 0L 88 R ik ) 3 MWMEERRETSSER
EmBmREERNE, RIERA4APEHEE F EH KD Table 3 Experimental design and results of Box-Behnken
A A R A S 0 TR 3 S R g ¢ U E > B ) >R LE R A B C T 57 2%/ %
2.3.2 WARLTEAE HAEFISMBT Rl B 7 AT RHR BE R K T i 1 —1 0 1 77.04
EZEMEEERESLEZEE, WP E L BAERR R 2 0 0 0 89.14
ARG .l 8 AT K O] X B 2 000 K F R i 0 1 ! s
.+ EL % A 6] 54 L2 040 5 08 22 20 51 0 O 3 9 7 : o ! - 0.5
2 A7 AR R AR . I 9 TN R EELJE R I z X X X o
145 e g K Tk TR )R] EL P A 2 IR A R B SR Y 3 B ; . . 0 80,64
fEA 8 1 —1 0 77.26
2.3.3 BAL TGN E SIIE 78 % 2 3 i H W, 9 —1 0 -1 78.71
Xof ] U A5 B E AT 43 1T DAL L A5 B KOK R BB AR i A T2 % 10 0 0 0 88.39
%2 MEERREHEFATR ! ’ ’ X o
12 0 —1 1 84.52
Table 2 Factors and levels of response surface experiment 13 ] o 4 74.59
G A AR (g/ml) BRE/C C A /h 14 —1 —1 0 76.83
—1 1:4 30 16 15 0 0 0 88.77
0 115 35 20 16 1 0 1 83.65
1 1:6 40 24 17 1 1 0 82.32

R4 EAKBFENN

Table 4 Variance analysis of regression model

FERWE B E¥EFHFM B F {8 P g B M
(% 9 440.00 48.89 296.23 <<0.000 1 * %
A 1 2.65 2.65 16.03 0.005 2 %

B 1 44.84 44.84 271.70  <<0.000 1 % %
C 1 36.38 36.38 220.44  <C0.000 1 x %
AB 1 0.39 0.39 2.37 0.167 8

AC 1 28.78 8.78 174.41 <0.000 1 %
BC 1 11.19 11.19 67.80  <C0.000 1 * %
A? 1 211.58 211.58 1282.03 <£0.000 1 % %
B? 1 29.32 29.32 177.65  <C0.000 1 * %

5% 2% 7 1.16 0.17

L8] 3 0.85 0.28 3.68 0.120 3 N
HriR 2 4 0.31 0.077

JhR 2 16 441.15

T ox o« FoR P<0.01, 2R WM R FE; « R P<0.05, 25 BF,

ik
Removal rate of

JBi g

38 082 )]

cadmium/%

B B
Temperature/C

T 4.0 4.5 5.0 5.5 6.0
AKHEIL
Solid-liquid ratio(g/mL)
(a) LA
B7 HeartFFREXLZHARAFNSFSZLAABEHRE

Figure 7 Response surface plot and its corresponding contour plot showing the effects of solid-liquid

ratio and temperature on removal rate of cadmium
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Figure 8 Response surface plot and its corresponding contour plot showing the effects of solid-liquid
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Figure 9 Response surface plot and its corresponding contour plot showing the effects of temperature

and time on removal rate of cadmium
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