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FioR o ARBRA AR R WA K ZF A R R R
WA ZF+ WAL A KPR it K
R BB AFRE N e Lk, NILX A A8 A=
WA I C R ZEAE T, A5 35 90 A 25 468 L mT LA

4R AR R IR R R R R 2R EER, BiLE
ZE+ TR R AR K ZE S 0.1 mol/L 7t
BRI IR — U320, R ik — 2 W B & 25 5 B T B 4
BN PRA R 3 RS,

£1 FALBABARFRIESR

Table 1 Operation steps of rice germination in different treatment groups
e i NedcA e A BBREF+ ROE A+
FRFW KM ZORBEB ZRzBA
LR 3 0.1 mol/L, NaClO # #6344 10 min, 48K o vV vV vV vV
5K
R & 80 CH# K X 7% 15 min \ — vV —
R 25 Cizie 12 h &, & TR & 90%, % & 30 C VvV VvV vV Y
BiBEIEMA,LF 13h
— kB 0.1 mol/L 44 8 F 25 CF = ki2# 2 h — — vV vV
HA # A # 10 min VvV VvV vV vV
T 50 Cr4 P FH4h \ vV vV \
%5 B BB A A 1R B K RS K vV vV vV 2

V. R M — MR,

1312 REKRAZF RN EA R IREK , K2R
A BB ISR 2 s, A PR AR R A
KU R K 2R A R A+ R AL IR
AN KA R 0 KGR KRR R Rk
2 DN s 4 A B ECA R A AT I JC A 28 AT, 5

TR0 5 2 20 LG AT L2 R A R AR 1R 9 AR A i
RHRAIE RU R 5+ BRI A K & 2 5
0.1 mol/L Fr A RV R — UX¥it, Nik— 22 W &
IR B, BB TR 3 il

x2 AEABHAKEKREZFRESRE

Table 2 Operation steps of brown rice germination in different treatment groups

. 28, B RARAF+ RBKF+
L 7k
A KM ZREZBMA D RERA
%5 B BHURLFAG AT B A R \ Vv V V
Fok il A& 0.1 mol/L NaClO 7 # 7% 2 10 min, #4/K 7 Y V VvV Y
5K
R i 80 C# K X 3% 15 min Vv — vV —
i3 0K F 25 CiZ# 12 h /6, & TR JE 90%, % & 30 °C VvV VvV vV VvV
BiREBRA,LF 13 h
ZkiEib 0.1 mol/L #4748 F 25 CF =Ri%i# 2 h — — V vV
& # A A # 10 min Vv Vv vV VvV
Fr 50 CH 4P FH4h vV V vV V

V. R TR — TR A

132 HEZFELE 7131 THEZFET L&MW
T, Al AR R B IR M (0.01,0.05,0.10,0.15,
0.20 mol/L) , 12 ¥ i 6] (6,12,18,24,30 h) , iZ iR
J&(20,25,30,35,40 °C), % 445 W H 2 X A7 5 TR

TR LI ZE A KGR R BRI

133 EE R IE S al g O A 5 B AR T
& PR IR M B RN ] IR 9 TR D 5 T
PUE, LR AR 58 B 5848 4, B3 3 &R 3 K-F
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IEACIE , B 3 IRE R S R B E,
RIS A Z KBTI SR 3 iR,
1.3.4 & EAN % B R RO
fift i, FEMMFRFEE 0.1500 g, THA#IA RN 8 mL
HNOs+2 mL H,0,, R %4 T+ 0 O X i, 4
G R 40 °C, LA 10 °C/min 13 B THE 2 120
C, RFF 2 min; UL 8 C/min W EFHE ZE 160
°C, 4+ 5 min; f%J5 L 4 °C/min THE Z 180 °C, 14
R 15 min, WS HUS , BHMARCE TR R T
(180 C) In#AZE & & Fl AR FL 0.5 mL, H M 4li7K
% 100 mL, fF | A4 50 F A2 E 3 K,
S AE A ICP-MS 52 B 5l 4% 1 & &
RSB R BT % 1 280 W, 55 1k = i B
2 C, ISR 0.98 Limin, #MES AR F & 1.0
L/min, < & 1.0 L/min,

o

3

2 HBRESMW
21 TEEMERRFXNZLSRKBELIENZIN
&4 4N EBATREAEFE TN
AOKBERBAREFEES, R T LM%
A AR S BRI 4, DY AT AR S A8 SRS
KAE S 25 23 HEAT WP AR P51 o5 28 0 IR
oI TR A R RIAETE, XA A — & A BE
Bk, ZE 2RI AR REAK DRI, oK e 25 i A B

®3 EXRWiEITE
Table 3 Orthogonal experimental design table

R R

K ZRT I/ EERE/C
(mol/L)
1 0.05 12 25
2 0.10 18 30
3 0.15 24 35

TP, WS TE PR B 2 Ty 2 A B A R
(18 B DA A, 0 S Y ) L < R R R 2 TN I
KA 2 R BEATAT AR TR IR, AT AR 55 i R
KM 2% A O AR

BEK A 2F T2 R A K 2R R A 2 4
i AN X DR AT R, AR R 0
6.6%M 9.5% , i WA K2 4 5 U A 25 4 2 W)
W EBA R FEES, KR T AU S &
F Y255 BE I FRA, TR b M AR R AF TR RE K T 12
WK ZE A 520 & 2+ IR A 2 R
BFEER BRI R FHARIBA K+ KR
HZ (o A R 2, W R kiR
HUNHNPRTE S G S s ol b W & IR S
JRES A AZ B BN AN L, R4S EE A Z B AE 5 RE )
BEAR s R AT IR RR R AT UL, T LA 3% 4% 5 10
BN SRS K P R R IR R (21.5%) . A
W HE— 20 X R oK R 2 R i T i T Ak

R4 BERFERREFHESRBEERERE

Table 4 Germination of rice and germination of brown rice cadmium content and reduction rate

of germinated parboiled rice

2 3 MoK F L E (mgky)  MARE/% ¥ AL F T8/ (mgkg) e A% % /%
Rt 0.622 + 0.024° 0.622 + 0.024°
R F A 0.576 + 0.037" 74 0.581 = 0.026" 6.6
28K 0.595 = 0.024" 43 0.563 +0.018" 9.5
R F 4 RIR 0.588 + 0.026" 55 0.559 +0.032" 10.1
RAEF kiR 0.571 +0.026" 8.2 0.488 + 0.016¢ 215

A Duncan %37 2 8 WAL, A RVNG R 2 m 411 22 5+ 83 (P<0.05) .

22 HEBRRKENZSKERKENEID

FEIR I 30 °C, R 18 h &4 T, 4
W% %% 0.01,0.05,0.10,0.15,0.20 mol/L ¥7 1 R I
WM X ZE A K R B AR R 52 0, Bl 7 TR
WG, 2R ORI AR B AR 3 2 e TR T 5 )5
PR, MR R R R ] 0.1 mol/L B,

R AR R GA 49.6% , W8 4 Fr e IR Wk B Ak 282 15 I, 4%
Rl 25 (B 1), HRIElfr R & A
R IS E e T LS E A B4 A Fr g
M e B 8 pH (LRI IRIEH R B BW S A
BLIR 22 [0] 1) 48 5 RO FE RRME 25 F T 3G, AP IR
e FE M 0.10 mol/L ¥4 /%1 0.20 mol/L, 25 4 K i af
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T AR O 4 LB, I IR T B
Ak 5 TR RN 2R sE FIAREFE , BEHE 0.10 mol/L 47
B AT 5 225
23 RAFREMESKEEEEZRIFM

PL 0.1 mol/L ¥riE R MR i, = L& 30
CHEMT W53 6,12,18,24,30 h 3= i i [A] XF
ZEAT K TR B AR A E MR, BE R R E R 284
KB PR W T, SRR E Y 18 h i),
BRSNS 50.1% (] 2) . Ren S PVR12% b i A2
WFFE 2R B = 60 B ) 55 2 P 0T o B b2l —
WA WK EARRE, MEF5ER
(25 5 B FT T, 4 BRI R 8 3 T, DL IS B 4 1Y
5 LA K AR RN Ak 20K IR I R ZE K F) 30
h, 55 B ARG N 28 18 3= i [R] 30 h B, 46 IS
BN 55.7% , BARFAPEARRA W1, % I8
A AR TR E R, HILEERE
HE] 18 h 47 5 2258
24 BRARENZEAKELEEEZRIFIE

Ph 0.1 mol/L #7145 8 R 12 0 , IR MBS 1] 18 h
M, 4354 B 20,25,30,35,40 °CI i E X
R KRR AR E A 52 B 5 R LR T
FEREACR R T 1 s FEIR IR E N 30 C
B B I 3 e 55 (51.6% ) (1 3) 1R IR0V I 32
1o, AR B TR B O B R
PEHE T TR S TR A AL 15 22 R I T
= ) 40 CI 1Y 50 BRI (53.9% ) 5 2 0 R 2 30
CHYFFEAGR (51.6% ) M HL TG 8 35 T &, % i EE
J i B RERE R, N e R R MR B 30 CHEAT ) &2

PRI
25 EXRKBMEML
FRPE PR R RS gR 25 R it 3 IR 3 KFE )

IEACIR I X 2R K 4 s LBk T2 AT i fk , 45
WULFR 5, oA 22 43 BT 45 SR T 45 DR 3R X 4R B AR
R MFEEE A B>A>C, BV A a) > F7 458 R ik
JESIZHIR T, R AE T LA N ABCs, 5 iR
W Z 0.15 mol/L, ¥= WL I [A] 24 h, 12 L 35 C,
TR AE TG KT REEIRE N 56.34%, 3% 6
Ti 2T BRI A RV B IR B ] IR
T 5 o) R B AR R 34 A J 255 ) (P<0.01)

KB —MAE Bl BAaERETEZHA
ABiCs T Bk, OB 7 2 0.386 mg/kg, 1E 5
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Fig.1 Effect of citric acid concentration on cadmium
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Fig.2 Effect of soaking time on cadmium removal
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Fig.3 Effect of soaking temperature on cadmium
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Table 5 Results of orthogonal test

b5 A (454 8 % )/ (mol/L) B(i% 3 8 1 )/h C(i2 038 £ )/C 48 AR 1%
1 0.05 12 25 28.65
2 0.05 18 30 37.93
3 0.05 24 35 52.64
4 0.1 12 30 36.18
5 0.1 18 35 46.71
6 0.1 24 25 47.17
7 0.15 12 35 49.14
8 0.15 18 25 43.77
9 0.15 24 30 56.34
K, 119.22 113.97 119.59
K, 130.05 128.41 133.44
K; 152.25 159.14 148.49
ky 39.74 37.99 39.86
ks 43.35 42.80 44.48
ks 50.75 53.05 49.49
R 11.01 15.06 9.63
T RKF B>A>C
RS A, B; G,
6 EXRWAEDHE
Table 6 Orthogonal test ANOVA table
F E KRR T F= B i BT F1a P1a
5 EAE A 1 807.401 6 301.234 75.935 <0.01
& JE 52 943.253 1 52 943.253 13 345.934 <0.01
A (AFAZBRIR L) 462.584 2 231.292 58.304 <0.01
B(# 8.6t ) 918.414 2 459.207 115.757 <0.01
CRBRE) 426.402 2 213.201 53.744 <0.01
iR £ 79.340 20 3.967
Bt 54 829.994 27
15 B )& %t 1 886.741 26
T :P<0.05 F7n P XA S0 45 R 1 #5200, P<0.01 A 1 i 52
3 #ig IRl 2 UM At R AR
R F AR RL AR 1 BT A5 A B AR AL, I
5 F RS 5 RE I BRI 75 R ZF ARG b R IR AR 2 % X Wk

HESJREA N KR &S T NER T
3 B P I I, DA 3R B AR A ) B Y
BRI R o B i T2 SO
TRV B 0.15 mol/L, 2 LA [E] 24 h, V=1 35
C,IEmMETLFMT IR 56.34% .,
HTE 0.2~0.454 mg/kg Z [A] Y FTAF 2830 I Ak B S 1
BT A B R IR AR E 0.2 ma/kg, HIL ARG Jr %
AT DA R TGS 43 1 i A A KK A ¥ e [ g s-2e]
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Effect of Soaking and Germination on Cadmium Content in Parboiled Rice

Liu Miaomiao'?, Sun Qianqian',

Zhang Bo',

Zhou Guoyan®, Guo Boli”

(‘Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193
*School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093)

Objective: The purpose of this study was to explore the effects of rice and brown rice germination on the

cadmium content of parboiled rice, and optimize the technological conditions, so as to provide technical reference for re-

ducing the cadmium content of parboiled rice. Methods: Xiangzaoxian 24 rice was used as the experimental material,

three treatments of soaking without germination, soaking germination, soaking germination + secondary soaking were set

up. The effects of soaking, germination and secondary soaking on the cadmium content of parboiled rice and brown rice
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were analyzed and compared. The single factor optimization and orthogonal experiments of citric acid concentration, soak-
ing time and soaking temperature were carried out for the germination process of brown rice with good effect of reducing
cadmium content. Results: The effect of reducing cadmium content of brown rice sprouting steamed rice was better than
that of rice germinating. After optimizing the secondary soaking process of brown rice germination, the optimum process
was obtained as follows: citric acid concentration 0.15 mol/L., soaking time 24 hours, soaking temperature 35 °C. Conclu-
sions: Germination could reduce the binding ability of cadmium and protein, and the cadmium content decreased signifi-
cantly after secondary soaking. Compared with rice germination treatment, the cadmium content of brown rice parboiled
rice was lower. The optimum combination of cadmium content of brown rice was 56.34%.

Keywords rice; brown rice; parboiled rice; soak; cadmium



