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Table 3 Design and results of response surface test
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Fig.4 Response surface and contour line of soaking time and citric acid concentration
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Fig. 5 Response surface and contour line of soaking time and soaking temperature
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Fig.6 Response surface and contour line of soaking temperature and citric acid concentration



% 4 2

RmE A SRS KA PR PR A4S TR 71

BB AT A T 20 14 0 R 22 o, B0 o 7 T ) % 5
GIEA ST N LT AN
23 BBHRMRASE

Xof 0 IO TG Ak T2 45 A A T T 0, B
(V) RS MERETZE . BIEEEN
70.94 °C, = HLIFE Ky 3.34 h, PR MR M 0.11
mol/L, BE fe (R 58 R N 52.36% o 4 T I iiE A5 7Y
FIE AR a5 bRk i 45 R A SRR, 78 SE PRI
ol T 22 8UEIE N R IRFE 71 °C, =it
(824 200 min, FFA&ERR M B4 0.11 mol/L. 76 L 45 14
TEE 3 WK RIYE, SRR RN 52.13%, 5
PR TR AR B 2T, 10 B AR 95 w17 1T vk BT A5 Y
SSEER 7143 MNP S LA WS R S R R SO
AN TR ERESRY, HAMRERA T
AWK Ay, 7% T FERE A R 52 4 WAL Bk )
fig, SR EBWILAMFTREBMBAS KIS GERN
34.48% Ui T 2 S5k Rt — LR A %,
N AEUS AL AR KM AL Bl K 43, X 2845 K T
THAE—-EWNSHME.

3 %

FrAGE IR W B . 12 0 B ] IR 3 34 X6 e 45 9 i
TR P R A A s, L A A R Vi B 9 5 i)
I ETE

IR ) 7 T 3 X6 AR A AE IR M A R P B T
PR F A S TR RS 3 HF (R R
I IS R RN A R v B ) (1) — vk 22 T =[] ] A
TR 22 K6 56 UF PR 58 5 BH AT ¢ [R] e 1) AR A5 g o
o AT 7 S S5 1 40 5% AR 236 2 i ) X e TR 7 B LA
HAERHEAT T4, % L LA R iR
FER 71 °C. R LT A 200 min FIFT R AR He N
0.11 mol/L, WAF T, e KR4 H K 52.13%

S

(1] SRk 36K, Tk, 5. KA D EAE
B ke B R AR AR [J]. R
At ,2010,31(2):488-495.

[2] SATARUG S,BAKER J R,URBENJAPOL S, et
al. A global perspective on cadmium pollution
and toxicity in non—occupationally exposed po—
pulation [J]. Toxicology Letters, 2003, 137(1-
2):65.

(3] ARH,ZH4, K2R, ¥ BAFETH
WA W EAED F Rk [J] A
5 AA T I,2014,12(7):9-13.

(4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

MR ATEF, &, F. B 2K T Cd
WL e A [J] P BERSEAF,2000,2005)
404-408.

WO, B R, IORA,F. AR AR
BERRZEGUY T A[C 2014 T ERE
g FaFRELABTE, 2014

THE. YL, qieh, 5. mAFRR SRR
ERRBGRR T MO AELES () [J].
T RFEFR (B ARFFIK),2010,49(1):
85-89.

MIHUCE V G,SILVERSMIT G,SZALKI 1,et
al. Removal of some elements from washed and
cooked rice studied by inductively coupled
plasma mass

spectrometry and  synchrotron

based confocal micro—X-ray fluorescence [J1.
Food Chemistry,2010,121(1):290-297.
|, AR, F. KREHRRTZ
SR b AE Yo [J]. PERY S
1R ,2013,28(4):83-87.

XA FER, HAH,F. RRILBREA L
B dn T LA [J]. R TA2 53R ,2016, 34
(7):276-282.

MEF,xmm, 2 2H,%. REFENLBER
ARBLFR XK P4aeg TEARA (1] P EERE,
2015,34(10):62-67.

BA2H, K2R, FRE. MBILRE LB
AR A AR ERGYa [J]. e
LR FFR/R (B ARFAFFK),2011,32(2):
15-18.

MIER, B N, TG EHFE P C.
Cu.Pb 9 A AL AT 54K [T]. +
FFA,1999,19(6) : 500-504.

SR MER NI, F. FRBEFFE T4
Tty A R A GBS [J] A FIFEKX
3R (B KA ) ,2000,36(2):268-273.
EXR ER. FERLMTERBN SR R
Ao Lib Az e ¥ [J]. FREEAHF,2000,21(3)
52-55.

Wb, @, FRE A, F. B T T AR
SimaEePa (1] FERSFIR,2015,15
(3):146-150.

SHINDOH K, YASUI A. Changes in cadmium
concentration in rice during cooking [J]. Food
Science and Technology Research,2003,9(2):
193-196.

W A, B, F L BRI R
AT EE )] RRAAHLSE Z5,2015,40



72 A Lok X F 7R (A RAFIR) % 39 A
(5):36-39. sequestering heavy metal ions from aqueous s—
[18] M4 4 FHEE, 1A, 5. Bkl it olutions —A review [J]. Bioresource Technology,

BraEBARMA [J]. REZERTH

2008,99(14):6017-6027.

m iR ,2016,7(6):2216-2220. [22] ez, TAak. 5nstKb4as FoRM
[19] X & AW, hFX,F. ARRETIEF HAAFRANFHE [J]. RBRRLHAF,
FeBEMBERR [J]. £S5 HK,2013 2009,37(7):3190-3192.
(5):66-67. (23] #EH,88FF  HER,F. RAEDWKA
[20] M&. kx4 Bk 5EHEMNFGHE [D]. B B ARMF AR (1] R RASS
A H T K 2009. 1%,1991(3):244-248.
[21] SUD D,MAHAJAN G,KAUR M P. Agricult- [24] Hh4r. LR A KA B & RKH R A & R

ural waste material as potential adsorbent for

oAt (D] bw . b E AR LK F,2003.

OPTIMIZATION OF SOAKING CADMIUM REDUCTION PROCESS IN
PARBOILED RICE PRODUCTION

ZHANG Pengju, ZHOU Xianqing ,ZHANG Yurong, LI Jianfei, PENG Chao
(School of Food Science and Technology ,Henan University of Technology , Zhengzhou 450001 , China)

Abstract: In order to explore the best cadmium reduction process in parboiled rice during soaking,the present
study focused on the effect of citric acid concentration, soaking temperature and time on the cadmium content
during soaking.The test factors and the levels were selected based on the single factor experiments. According to
the principle of the central combination test, the cadmium reduction process was optimized by using the 3-factor
3-level response surface method. The results showed that citric acid concentration,soaking time and soaking
temperature had effect on the cadmium reduction rate during rice soaking,in which citric acid had extremely
significant effect. The quadratic polynomial regression model was established and the response surface of the
model and its contour were used to analyze the key factors and their interactions on the cadmium reduction rate.
The optimum process parameters were as follows: soaking temperature 71 °C ,time 200 minutes and citric acid
concentration 0.11 mol/L ,under which the maximum cadmium reduction rate was 52.13%.

Key words : rice ; parboiled rice ; soaking ; cadmium reduction rate ; response surface methodology



