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Distribution of inorganic arsenic content during rice milling processing

FANG Fang, NING Hui", YING Mei-Rong, DU Wen-Kai, ZHANG Cheng, LI Yan

(Zhejiang Grain and Oil Product Quality Inspection Center, Hangzhou 310012, China)

ABSTRACT: Objective To determine the content of inorganic arsenic in brown rice, rice and bran powder, and
study the distribution of inorganic arsenic in rice. Methods Brown rice, milled rice and bran powder was obtained
from 20 random selected samples, which was milled in laboratory. The inorganic arsenic content of brown rice,
milled rice and bran powder was determined by liquid chromatography-atomic fluorescence spectrometry. Results
The arsenic in the sample was mainly in the form of arsenite [As(IIl)]. The content of arsenite [As(IIl)] in brown rice
was (0.122+0.45) mg/kg, after rice milling, its content was significantly reduced (P<0.05), which was (0.068+
0.02) mg/kg. The content of arsenite [As(IIl)] in the bran powder was significantly higher than the other 2 samples
(P<0.05), reaching (0.604+0.201) mg/kg. Conclusion Inorganic arsenic in rice is mainly in the form of arsenite
[As(III)]. The arsenic content of brown rice can be significantly reduced after rice milling.
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(trimethyl-arsineoxid, TMAO), # #iH 3% T (arsenobetaine,
AsB). #ifilH## (arsenocholine, AsC) A (arsenosugar, AsS)
S R RN/ S AR B VR, KA EL A BT 5
W ERE D), RIS RIS T e =2 DL TR A
SR TE S, FREE LK 200 I T i A& 4L A
P, FRRRIRLE KA RE R IR DNA S-S5 W
i, SRR PRI R BT . IRt IR A RS,
i A T 2 R RGO R R I A
ANFHBERAR, HAPTOHLAs, 35 As(V). As(IID)]
PIFEHEAR S, WA P MMA #1 DMA A3 85/MOEH:,
HAAG WAL S RZICEE, FULAT L S\ Sk TCALAR Y
T RIEARENE SRR B oA SRR S U

MRAM S, ROKIIE 2 E TR E JE RXT oL
I FEMRRIEA, R E SN Z S EZRRERALE 2005
AEFRA AR R ICHLEP AT T FRE IR, T 2017 FhlE
TRA. BK ., JOR P ICHLE P FREFR IS 0.2 mg/kg, T
b A Y S B A CER O R A R A 3y
FAERERE . MBS R T IOEIEE . WA
TR TGS L | R OB (3 - SRR A S5 AT
LI

AR A B TCHURR BT 7 AR i 22 AR R, HLJCAL
WRTERR A h BAR LM A M S A E, DA SICHURTERSE K i
A3 O E AR G SCRR R GE D . ARDESE 1 SR IR GB
5009.11—2014 £ b B & ICHLR ag i ) U9 ik,
FURECORZE AT T R 000, BJE SICT 5 T RORFEA
TN C R IR A, X As(V), As(ID) & R T 7E B
AR, DA T A JCHLAI AL RE K ) 25 40 A0 15 0, R A 56
WAt E &% .

1 #HRERZE

1.1 MR5RF

R PR, WORAEDY 2019 45

GBWO8666 3V fift JR L 14 YA v W) ST [k B 75.7 ng/g(LA
H111)] .GBW08667 il ERAR VA AR MED) B [ JE 17.5 ng/g(Lh
I ICH ETHERE R B ); WAL (A, bR
W A2 3R AT B WD), SRR (O BT 4, B L ik 2
A7), WER | EhRR (L4, 2GR E A BRA D), B
A (e dest, AR A AT B A F).
1.2 UFE5E%

AFS-9330 HBAH €0 13% - TR T 5 OGS (B A A s o0
BRI AT, b3+ RALERA BRZA F]); PRP-X100 BH 258
(250 mmx4.1 mm, 10 pum, FCAH R FE, Ht 04351
HAMILTON /3 #)); Anke TGL-20B-C & 8 25,00 HL(_F 5 42
SRR ), FD-115 B HALA (78[5 22 #% BINDER A
F]); PHS-3C # pH (ks % Bl 2= AU A R A F);

INMI3 B BRRHL(H M AR ), JLG-TINT AR HL(H
it AR AT A BRI 52 B BR A F1); AL204 YA F RF-(B -
Mettler Toledo 23 #]); JESD-100 MArAL( 1 55 & Ml {Y
A RRA D

1.3 XWHE

1.3.1 A7 i 2% 69 B 4

HERAARELZ 0.3 g AR AR [As(TIT) )3 7 15 TR 24
L4 g TRRAR[AS(VIFRER R, AEEFRKEREAE R
25.00 mL IZERIRA, 1S[AsI)] [As(V)][TRA bR R,
W 1.0 mg/L(% As 1), BUABEL B 7 H 10.00 mL %
B, ABIERITA 1.0 mg/L [AsID]. [As(V)IE-& AR AL
FHW 0.00, 0.050, 0.10, 0.20, 0.30, 0.50 F1 1.0 mL, 3=
BFOKEREZIE, WARERINEBRHEE 2500 0.0,
5.0, 10, 20, 30, 50 #1100 ng/mL.

132 #H&thH&

R GB 2762—2017 { &M Z & EZFIRE & HHi5
Jepp R EARAE ) UOLE, R4S JCHLA & i DORE K3, 7
AR R T T & I ERIERR 2 184 1 kg iR
FEFAMBAE A EL) 100 g, [ ILG-IIT 2R PR
55T, WEAERK ., KR KA -1 0 e oy, —
3 F JFSD-100 K3 WAL A A5 B KRR o5 — (kK
FEF INMI3 R BB K HLEATHR (1, 0 T80 TAS B = 4%
B4 B ROK (A BE K T 5 20.00 g, B IR IH] 60 s). UK
SETRRALH BRER, 700 R, B A B ORI i 2
M, B4 RBRR NS, F JFSD-100 8 BRAILK 4
IR IAFE
1.3.3 Houi)RIK

Y BIFRINZ 0.5 g BEARMY . BERY . KORBHAE (i 2
0.0001 g)F 25 mL L& H, A 10 mL 0.15 mol/L fi§#&
W, AR, T 90 CCHAH P #UEE 4 h, B 0.5 h IRE
1 min, $EMGEEE, BHRHAIZEZEIR 8000 r/min 0> 15 min,
IG5, 28 0.45 pum A3 HLUE B 38 5 DERE I AE o
1.3.4 RAEE-R T RAIKM AT E S

WAREIE S FWshAH: 20 mmol/L Bl & 4%, pH=6;
T 1.0 mL/min; FFFEMARFH: 300 pL, SEREBERL

JRF BN TAE S fm e 300 V; BT B A i
80 mA; HIHLHLTE: 35 mA; Bi: T%HBREIR, 5
2% AL BI+0.35%E ALV, TiEE: 4 mL/min; 25
P 400 mL/min; 3BT A: 400 mL/min,

2 GR59%
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BB S S AT R, & S %07 ik AT O IR e, DL
PRZ T 1 Al A K
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2.1.1 &MFEFfFELEHR

AITHEEST 5.0 ~ 100 ng/mL AOFRMERNZ IR, T
1.3.4 FFi A (o3 - i 28 G I P A A A3 s ok Ak il e, Ab
BRI T AT A PR, bRl 2 B DL 1, oA 2.6 min &b
1 I g 7 A AR AR [As(IID)], 8.2 min Ab [ 4 Jy fifl iR #R
[As(V)]o 45 AW IR R PNAR b . o0 H5L ¥R 3 Ry A s T
FRUEHIZE, LIRS as 1R D SRR M (38 i A shit 5
TR R, AnF% 1 R, 2 P OCHLENIE 25 AR R 512k
PR, BRI L B AR GB 5009.11—20141"4 /N F
0.02 mg/kg HIER

2800.0 std5.raw
WP AR AR [As(TIT)] std10.raw
> 2240.0 std20.raw
RS std]30.raw
1680.0 std50.raw
E ‘ \Ldkl 00.raw
= 1120.0 ' -
TR [AS(V)]
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Fig.l Standard chromatogram of As (III) and as As (V)
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Table 1 Linear relationships and limits of detection

o Hi BR
/(mg/kg)

TP/ LT LEBSE S

WA [AS(IT)]  Y=18.64X+8.790  r=0.9995 0.0017

THRRML[AS(V)]  Y=3.843X+3.648  r=0.9995 0.0055

2,12 FiEEE

AR HIF 5% e B — ARl K 25 (I RE AR R 3, A
[As(IID]. [As(V)[IRERHER IR . FIEBIRA . K, K
K rR AL A PR AR E R 0.2 me/kg!', AR TSR T 0.5
f5. 1 AR 2 AERIBRE AR AR IR E, HE& T SR
0.1. 0.2 F1 0.4 mg/kg MYMIBRFEA, # M8 b SCAnR  ikF 17
Ko, G SEATREAR 3 R, 5K 2. BESS R R,
%7 B0 kR WU R AE 89 % ~97 % Z 1Al , 44 Wk
2002/657/EC EMISIRT 10 pg/kg WET, [0 20 75
80% ~ 110% Z [A] 3R

22 MEKBAMNIRAKESERRESHIER

ARMFFTHEI 20 I FEASBEMLGR 5 R 1~20 5, HREK R
FIIN TR = RO, BEK Bk . ORI 5 i 40 A DL 2.
SO N80 N N S N LN B - N s Ll 2 )
90.3%:+0.8%; MM REK I BT 7 bR 9.6%+0.8%, FH LT
WL, AR R ROR S B R 4y, AR R oK i —
INERSY, 49 10%.

Fz2 AREYE(=3)
Tabel 2 Recovery rates of standard addition (n=3)

JnbRk B B PRI R A A o A 22
/(mg/kg) ‘ 1% 1%
AR R [As(TID)] 90.62 0.76
0.1
R [As(V)] 89.02 0.57
AR AR [As(TID)] 92.29 0.64
0.2
R [As(V)] 90.49 0.85
VAR AR [As(TID)] 96.72 0.52
0.4
HERAR[As(V)] 95.22 0.24
20.00
18.00 L %S
16.00 PN
14.00 TR
o0 12.00
g 10.00
= g.00
6.00
4.00
2.00
0.00
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Fig.2 Quality distribution of rice and bran powder in brown rice
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ABFFXT 20 BYRERK . KMEFRIRORFEA A TR, M
REGEETLE 3, KIhe a3 E g, Rk
Bk, s fRICKREE, AARBIEEAR T, TR,
KA R IKIITE 2.6 min g, TFE 8.2 min ANHIE,
T2 UL A RS A R AR [AS(IID)], oA A il R AR
[As(V)], Ha itk 7] 75 A% K (4 Jo ML 3 22 DLIE B R AR
[As(ID]TEAFTE. I, ARWFST A9 A R AT
DR ﬁﬁ*ﬁ[AS(IH)]O
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Sk raw
E 800.0 Bk raw
f@ 600.0 |-
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Fig.3 Chromatogram of representative sample
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2.4 THESIR[As(ID]ESHRMNEER

AR 20 ik . KA KORAEAS v (9 A R AR
[As(IDHEATE EAM, Mgk R ILE 4, Z5i3itEE
i oK HP A A R AR [As(ITD] &5 504 (0.12240.45) mg/kg, H
A — R REA B N 0.248 mg/kg, 3T 0.2 mg/kg IR
Pl GRS, FORFEAS A AP ERAR [As(TID)] & &=
AR (P<0.05), 4(0.068+0.02) mg/kg, & 2 FEAK I B Ny
44%, FrEREARMMIET 0.2 meke MR ERHE, 52 X0,
KMEREA P ) A ERAR [As(ID) ) &/ B35 T Al 2 M
A (P<0.05), E2(0.604+0.201) mg/kg, FiA HIFEA Y B
T 0.2 mg/kg BIFREARME, BB e BRI EE S AT A1, A
PR AR [As(IID)] 32 25 4 TR K P R, B AR RO 19 o
175 AN 9.6%+0.8%, {HEE R T 29 48.1%+7.3% M 1Y
RAR[AS(IID]. B, § Pl A2 — ] 5 B BEAIRRE K
G A R AR [AS(I)] 7 % o KO B & K 1y 0 i iR AR

[As(IID], AEEAENEYER.
1.200 - LR it9/S
= Kok
1.000 | 7 ~ Bk
2 0800
= :
£ 0.600 -
fﬂﬂi‘
%umm s
=
R 0.200 -
0.000
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Fig.4 Quantitative determination of arsenite [as(II[)] in brown rice,
rice bran and rice samples
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BBEPEAR SR, R A 5T T R AR [ As(TID) ) 7E B K o B4 40 A
ROCE K, kX S IR 43 eT AR B b A5 3] 7 A
PR AR [As(II)] 32 225 48 TRE K BOR MR, B AR R FE B K
Y ERAR /IS, ARBR SRR JE RO Hh I A R AR [As(TTD)] Y
B R AT RRARAT — 2, R Dbl a0 P T2 0] LA R AR R
K HR T T ER AR [As(TID ] A0 75 ke 53X M AR SCHRRESR I TR A7 G
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