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Abstract: To investigate the bioaccessibility of chromium (Cr) in rice and to evaluate the human health risk of Cr
due to rice intake, 16 rice samples were collected from the market. The in vitro method, including PBET method
(physiologically based extraction test) and SHIME model (simulator of human intestinal microbial ecosystem), were
used to study the Cr bioaccessibility in the gastric, small intestinal and colon phases respectively. Subsequently the
human health risk of Cr was assessed. The content of Cr in the 16 rice samples did not exceed the limit standard of
Cr stipulated in the National Food Hygiene Standard (GB 2762—2017) (1.0 mg-kg™'). The bioaccessibilities of Cr
in the three phases of the gastric, small intestinal and colon were 34.3% ~66.1%,46.4% ~89.1%, and 64.4% ~
94.5%, respectively, with the average values of 52.5%, 75.1% and 83.0%, respectively. The bioaccessibility of Cr
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in the small intestinal phase was 1.4 times higher than that in the gastric phase, and the bioaccessibility of Cr in the

colon phase was 1.1 times higher than that in the small intestinal phase. Human gut microbiota can promote the rice

Cr release. In human health risk assessment, the hazard quotient of adults and children were less than 1.0, indicating

that Cr in sold rice may induce less risks to human health.

Keywords: Cr; rice; bioaccessibility; human health risk; in vitro

% (chromium, Cr), J2& — & UL 1) 5 4 J@ 15 4
Y., Bl Tk &R, Cr LTk = R g e T
WP R BRI Z . RS RO TR, 3R 52 3
Cr 159 H3EE #ad 2 000 J7 ¢, BE# 4 Cr i5
e H 4™ 8, AR E S B Y EEIE A AR Cr BT
AL I AT RS A A BUmRON T, K FEAE 3
EEZEMOREEDZ — WRESE Cr i ANKR
HEGRARS, ERRBAEN I A I N oK
Cr K 28 100% , #4585 H 26.67% ; T E AT
IIHT T 144 453 BN A RORAE ity o i 4 i,
i, Cr (AR 34.03% , i WHFFEREK h Cr 1)
AWy ] 5 1 T R T AR B XU DAl BAT 53

H AT, 7275 G0t AR Ag B U PEA | 232
A 2 FhOr (D)L R (in vivo), FRIPAN £ Y1 A
B s Q)R AN SZ B (in vitro) , FH R VA A 4 ] 45 1
(bioaccessibility, BA), 1T 3l 52 50 4716 1 Ji i <
FOAS A ] 22 S A5 ) ) (A5 in vitro SEIG I 1%
FIMORBRZ ST, HAT, FNSMREARH Cr 194E
PyaT s PR RIS F AR v TR B RN BT
B2 T4 AP e 35 AP, 3k 2 18 1
A=W 2s R A R n AR E T R I AE B
et b FE AL 1 & W 5k i i Cr [ AR BB
ez mg, w AL &S FN g B Be R oK R Cr
(LR W AT 25 P SR DT A N fdt 2 JRUIRS: J2 A % 4 T
(4 R A N T8 A 0 A 25 3R G R AU ) 8 A
(simulator of human intestinal microbial ecosystem,
SHIME) /& TEARHP Z5 A T B AR 18 I 31458 S Ak A
PrEs &, BT E A AN G T s Hl SHIME
BEAYERGE N AR N T T 3 Wy rhis Je )
AR P &P AERXT TR T Cr W5 A
B o AR F AW ] F) I 52 USSR (physio-
logically based extraction test, PBET) J5 ¥ 45 &
SHIME BB AR 5ERK iy Cr 72 H /N 2
3B A AT g5 vk IR A A R OK R Cr AR
A 25 1 B S 0 PR R ) 2 T A 0 ) Cre B9 AR
WEM

1 ##157 % (Materials and methods)
1.1 FERAE

P ET FIE T 16 ADREKERS  He iR
BRI, LIKRIK 1:3 (m - m)i Ho ) 28 2
30 min®™ Ke E B RE A R TR R B T 60 B
i, A5 20 19 2K Ky — 0 59 28 T % T8 f# A (Mars6 , CEM
o], R EDHME, AR HL02 g KT 50
mL JHARE A S mL WA R (P2t 4l) .3 mL i
AACE LGt Fi B R, IR H BB AR 80
C, ZM I, FF4E 30 min, FHEE 120 °C {455 1 h,
e Ee, R M A T 160 CHRZE 1 ~2
mL 47, R B EG , LK E 4 %2 25 mL, i
045 wm JEME S, T H S 5 55 B 1 BT %A (In-
ductively Coupled Plasma Mass Spectrometry, ICP-
MS)(Agilent 7500a, Thermo Fisher Scientific 23], 3¢
DI E gk Cr s, 55— KT T in
vitro SEHAFSE
1.2 in vitro 3256

A 5T 45 G Ruby S5 2 1 9 PBET 74 Ml
SHIME ##I" S286 40 45 3 S iE L i By B, B By
B /N BRI B, S BAAEALIRINE
1.2.1 HHE

BC B S W (N AR SRR FLIR (7K &
R RN ALEN) , VR ER R A pH 2 1.5, A B = AR,
B3 g BB T 50 mL 2.0 A 30 mL i
B WL 5 FO pH, HERERIRY pH 7E 1.5 £4q .
BT 37 C 150 r-min~" AYHE IR Z 3 B A T R 1
h, 761 hJg , WS mL W, i 0.45 pm JEE, 4
CIRAERFI,

1.2.2 /NizBE:

B B B4 S 7RI AR TR A NaHCO, #1 oK,
PHHALME pH T 2 7.0 224, In A TR IR R e
pH JFHHEHAE 7.040.1, ¥ F 37 C 150 r-min~' Y
THIRE IR PR 4 h,4 h J5EUHE  EL S mL
SV, 3 045 wm JERE 4 CLRAFREN
1.2.3  Z5pkE

AN B S R /N T AR AET A 100 mL
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PRAR LI R, W B SHIME #5576 [ 235 fizg v 1) 52 1 W
30 mL BIAPREUMIE R, JF 0V 58 A 15 ~20 min &
SAUERAIEE , BT 37 °C 150 r-min” (YIEEE
DREFRAE T, 48 h JE B, WER S mL RV, 1
045 wm JEME 4 CIEAERI

B NG B B BOE AL TR Cr & R A
ICP-MS FFATINE , B b 78 51 TH Ak B B AR A 3
ASEAT, SLEe R A R B AR Al B KR A 1
JiR .
1.3 Rk
1.3.1 ‘EWnrsatk

Tk Cr ZEBEULE /N RIS 3 AR Be i A
Yrar g pEnr g (O

BA =cV/cg M x100% (1)

K BA NREKH Cr AW AT 41 (%); ¢ in
vitro SEHG I 8 /N 545 g [ B BB Y Cr (T
AT RE(mg L) V48 BN 25 N A AR
(L); cs MRERFES T Cr (19 F i (mg kg™ ); Mg AN
N HRERAE i 18 T 1 (k)™
1.3.2 Rk Cr i B XU A

K H Y Cr & H %% 5% & (average daily dose,
ADD)H Q)i

ADD=c_xW,xBA/W, @)

e, HAEKEES T Cr AW (mg-kg™); W, 2
B N RIHFERIRG K BB (kg-d ™) ; BA 2/ Mo B B
Cr AEYI AT 50 W, A N SL 3 1 P 4k &

(kg), WAER FHIAE N 66.2 kg™ 6 ¥ T #E AL
Hoh 23 kg A BE R R EA RN 389 g-d7' 7,
JLEER 277 g-d™'" )RR Cr M AU 48 50E
F 1 (hazard quotient, HQ)AY T8 5 i th K 3) T,
HQ=ADD/R{D 3)

AH.Cr % F &= RID A 1.5 mg-kg™ -d'"
HHQ>1.0, B UL BIZ ARG AKFE S AF R R RS . T
N BRI RS B2/ Mg, R /N R 43 Cr A=
I CI R eV S g = WNUEN 7.3 R 58
1.4 Bdasrdr

K JH SPSS 24 (IBM)FI Excel 2010 #4438 .

2 55 (Results)
2.1 Rk Cr iy E =

AT 1 W B R R AR b Cr B B a6
2 i, i myEFoh 0.092 ~0.561 mg-kg™" ,FF)
B0 0232 mg-kg ™', v A E K& DA E
(GB2762—2017)H#LE iY Cr B PR E AR E(1.0 mg-
kg—l)[19]O
2.2 FOKR Crinfids RS NGRS 3 A
B B 1) A= 9 v]

TR Cr WS A O i S L AE ] 45 MR AE 3
ASBT B R R S B W s R R (GR 2 R 1),
B BB Cr T A & B L 0.043 ~0.340
mg-kg™'  SFE K 0.126 mg-kg™', Cr EY) AT 250
T K 343% ~66.1% ,“FIE K 52.5% ; BN

®1 ZXBRAFREH

Table 1 Experimental reagents and their manufactures
1 g 2\ H 1 afijiE A
Reagent Purity Company Reagent Purity Company
. U BRI RI A AT BR A F : .
R R AL Il 25 £ P AL 2 R A R A W)
o GR Beijing Hanlonda Technology ) ) AR ) )
Nitric acid Sodium chloride Sinopharm Chemical Reagent Co. Ltd
Development Co. Ltd
FuECRise: BV B3t gl e SN BV-II B3yt il el
Hydrogen peroxide Beijing Institute of Chemical Reagents|| Hydrochloric acid Beijing Institute of Chemical Reagents
FrER AR PR AL TR R A H) e AR KEETAEAR G
Citric acid Xilong Chemical Co. Ltd Sodium bicarbonate Tianjin Huadong Reagent Factory
SRR BR el 24 £ P Al 2 R R A W) A PRSI AR L2 S S A R AR
Malic acid Sinopharm Chemical Reagent Co. Ltd Pepsase Sigma-Aldrich
FLIR AR PUBE AL T A RA T et P A 2 BT L A 5 D) A PR
Lactic acid Xilong Chemical Co. Ltd Pancreatin Sigma-Aldrich
KLR ACS LR A A AR BB AT PR 7] JIEEN P A% 3 BP0 A R
Acetic acid Aladdin Industrial Corporation Cholate Sigma-Aldrich
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[ H BBt Gastric phase
C_1/MaBr Bt Small intestinal phase
[ 257 B Bt Colon phase
100
A
Bl A
A
A 2 i A = A & A A 2 Aa A
80f- i B B A
o°\° B B & C]
N
A= g B A {
228 q g ! g n
E3 il q
.S . g 5 A
@ Cl E F: B 5
a0 i
C
20
NSRRI SRS RN AN SN S AEn SIS AAN A En SRR SaN
0 RI R2 R3 R4 R5 R6 R7 R8 R9 RI0 RIl RI2 RI3 R14 RI5 RI6

GETE A
Sample number
B1 16 MiEKERT Cr £ NEMEGM B EY AT 41
T AN A R R ] —RE R A 7 Cr 728 /NGNS G B A= Pl 2122 53 .35 (P<0.05) 5 T B8 by e AR B4 B s e A 22
Fig. 1 Bioaccessibility of Cr in stomach, small intestine and colon of 16 rice samples
Note: The different letters means the significant differences of bioaccessibility of Cr in the gastric, small intestinal and colon

phases for the rice samples (P<0.05); the data were expressed as sample meanztstandard deviation.

®2 BRBCOHEEUREMRBABRSESE

Table 2 The total concentration of Cr in rice and the dissolved concentration in each phase

% Kdd/(mg-kg™") BB /(mg-kg™") /N B /(mg kg ™) 5B B /(mg kg ™)
Number Total concentration/(mg-kg™") Gastric phase/(mg-kg™')  Small intestinal phase/(mg-kg™')  Colon phase/(mg-kg™")

R1 0.372+0.0039 0.215+0.0058 0.265+0.0020 0.308+0.0055
R2 0.561+0.0155 0.340+0.0040 0455+0.0004 0481+0.0022

R3 0.229+0.0044 0.120+0.0004 0.204+0.0010 0216+0.0007

R4 0.129+0.0049 0.084+0.0003 0.111+0.0003 0.116+0.0007

R5 0.148+0.0026 0.067+0.0008 0.105+0.0016 0.121+0.0036

R6 0239+0.0015 0.110+0.0057 0.165+0.0154 0.207+0.0006

R7 0.293+0.0013 0.181+0.0052 0.235+0.0025 0.231+0.0046

RS 0.092+0.0060 0.043+0.0017 0.063+0.0013 0.067+0.0009

R9 0.104+0.0002 0.054+0.0018 0.081+0.0008 0.091+0.0002
R10 0.111+0.0007 0.050+0.0005 0.052+0.0014 0.072+0.0013
RI1 0.240+0.0005 0.149+0.0002 0.191+0.0013 0.206+0.0008
RI2 0.234+0.0044 0.155+0.0116 0.181+0.0008 0.198:+0.0008
RI13 0.204+0.0038 0.105+0.0025 0.161+0.0053 0.176+0.0036
R14 0.283+0.0060 0.113+0.0004 0.249+0.0005 0.242+0.0013
R15 0.323+0.0022 0.169+0.0005 0.250+0.0011 0.278+0.0001
R16 0.156+0.0001 0.053+0.0025 0.092+0.0003 0.117+0.0003

SF-¥{H Average value 0.232 0.126 0.179 0.195

T R PR A AR (PR 22

Note: The data were expressed as sample mean=+standard deviation.
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BB Cr VA &R 0.052 ~0.455 mg-kg ™', F
HMH KR 0.179 mg-kg™", Cr AU A9l 5 PEVE Rl R
46 4% ~89.1% ,“FHIME K 75.1% ; H30145 I B B Cr
HVE RS S VLN 0067 ~0481 mg-kg™' | SEH(H
70.195 mg-kg™', Cr AW AT 45 V0 FL N 64.4% ~
94.5% ,F-¥IMHN 83.0% . B EE/NAHH B, Cr
AT 5 LT T 1.4 £%, BN B B 2 45 1
B, Cr (AT g5k BT 10 A%
2.3 AR fEHE XU PEAG

TEZ% /N B Be Cr 0949 AT 25 P AN 2% /)N
Wl B Cr AW 450k 2 A OL T %A HE S B
B S AL E o KRR A Cr R H 25
1 (ADD) LA K filt B XU i %5076 3 7 (HQ) (% 3)., 4
% 18 Cr 1E/N b Beny AE Wy ol 25, BN ADD {8
FilH 3.04x10™ ~2.67x107 mg-kg ™' -d™", FHI{E K
105x107° mg-kg™'-d™' ,HQ Ju[I}H 2.03x107* ~1.78
X107  FH{E R 7.00x107; JLEE ADD il 4 6.23%
10 ~548%x107° mg-kg™' -d™", Pl K 2.15x107°
mg-kg™' -d”' ,HQ LN 4.15x10™ ~3.65x107 ,F

PIEN 144107 s N EAWmT 454, A ADD {ii
il 5.40x10™* ~3.30x10”° mg-kg™' -d™",FERN
137x107° mg-kg™' -d™' ,HQ Ju i} 3.60x107* ~2.20
x107 SEE R 9.10x107*; JLEE ADD {5 [l R 8.49x
107 ~648x107° mg-kg™' -d™", FH{H K 2.22x107°
mg-kg™' -d”' ,HQ {EFE N 5.66x107* ~4.32x107,°F
YIEHR 1.48x107°, Al WL A FLE RS HQ #<1.0,
IR AAE S TP A Cr ) A R R XU 458708

3 112 ( Discussion)
3.1 BHBBEBRCK T Cr Y] 4

AWEFE /NI BE Cr A AT v B = T
BB, 2 E B 1.4 5, /N BRK T Cr 1y
AP el P T B BB R R AT DAL LA T
&, s BIEEARR, FEIE pH T i R
ARER ARSI (EASRE K b Cr (ARl ek s
/N B85 7% 0 NaHCO, i pH M 1.5 JF % 7.0,
HCO; ¥k B2 3G AT e 2> i AE R 5% X Cr A B
VB s TEBRE A B, Co(TD B 5 T4 46 R Cr(VDP,

£3 WK Cr WERRKEIEM
Table 3 Health risk assessment of Cr in rice

FIRA YT L5 AN gAY b

i Bioaccessibility is considered Bioaccessibility is not considered

Number A Adult JLFE Child B Adult JLFE Child

ADD HQ ADD HQ ADD HQ ADD HQ

RI 1.56x107 1.04x107° 3.19x1073 2.13%1073 2.19%1073 146x1073 448%x1073 299%1073
R2 267%x107 1.78%x107° 548x1073 365%x1073 330x107° 220%1073 648x107 432x1073
R3 120x1073 798x107* 245%1073 1.64x107 134x1073 8.96x107* 2.53%107° 1.69%x1073
R4 6.55x107* 436x107* 134x1073 8.94x107* 756x107* 5.04x107* 137%x1073 9.14x107*
RS 6.16x107* 4.10x107* 126x1073 841x107* 8.67x107* 5.78x107* 151107 1.01x1073
R6 9.69%x107* 646x107* 1.99%1073 132x107 141x1073 937x107* 237x107° 1.58x1073
R7 138x107° 9.19x107* 2.83%107 1.88x107 1.72%1073 1.15x1073 279%1073 1861073
RS 3.69%1074 246x107* 756%x107* 5.04x107* 540x107* 3.60x107* 849x107* 566x107*
R9 4.77x107 3.18x107* 977x107* 6.51x107* 6.14x107* 4.09%107* 933x107* 622x107*
R10 3.04x107* 203%x107* 623x107* 4.15%107 6.55%x107* 437x1074 9.65x107* 643x107*
RI11 1.12x1073 7TA4Tx1074 230%1073 1.53x1073 141x1073 938x107* 201x107 134x1073
RI2 1.07x1073 7.12x107* 2.19x1073 146x1073 137x1073 9.16x107* 191x1073 127%1073
R13 947x107* 631x107* 1.94x1073 129x1073 120x1073 798x107* 161x1073 1.08x1073
R14 146x1073 976x107* 3.00%107 2.00x1073 1.66x1073 1.11x1073 2.18x1073 145%1073
RI5 147x1073 9.80x107* 3.01x107 201x1073 1.90x1073 127x1073 242x1073 1.61x1073
R16 546x107 364x1074 1.12x1073 746x1074 9.19x107* 6.13x107* 1.14x1073 7.60x107*

T -3 -4 -3 -3 -3 -4 -3 -3

1.05%10 7.00x10 2.15%10 144x10 137x10 9.10x10 222x10 148x10

Average value

1. ADD K% H Z i (mg-kg™' -d™"); HQ I8 E/G E .

Note: ADD is average daily dose (mg-kg™' -d™"); HQ is hazard quotient.
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H Cr(VI)REE LAV fife 251 9P 78 W P AR e AP T
IR RE S B Y X AT AR A BT B Cr #94E
Pyl ga ke T8 BrBcrg A, BRI, A ME AR
TE ALY 1B R MR S 1 I KA A 22 R 2 Y
FRORTR 4 JE JC 2 Cr 588 11 50 FI 22 IO i
LA AR BN SRR ST BRRE PR 22
S, X ATRERE N T E S5 Br B Cr (Al g A
Al 249K, 7el B AL A A7 i RS R A
T e JE AR, 488 5 ML TR A HLS Z R
25 & BERE BB, BB 7/ N IR ST A B
R RS TR C AR R ) < S AT T B R A B RS AT
UL B R P AT Y FELE R 5 Cr 158 A
B INE , DR I B R R OR B s R A Cr A I ke, ik
ATEACH 3/ g By Be Cr (9 £ 95 ml 251
I, A Cr A AT A/ DM BB T BB
ISR AT RES pH A Ll R OR 8 B L e
TERAFZMINEA K,
3.2 SilpbrBackeh Cr Al gtk

Silmbr B ROk Cr AR 451N 64.4% ~
94.5% , WEE T/MaBTE, J2/Nakr B 1.1 45, 3%
— SR UL i (oA W n] e EREOR B R Cr B3
MBI, SIS RS F BT Ah R BA AH R Y
R, TR RIS Rl A T A
T Cr (9L (EAS S5 B B Cr B9 AR Al 4tk
= TN B, Wang SEURTE T 45l AR Y x
Bz Cr APyl 45 PR B2, A B 1 A= 0 64
YEHIME N TR rh Cr i, W Tai A es
FR AR, EIACHARE AR R BH ALy
AR BRI AL By B, FE b ) 3 3 SORI2F 4 m]
VRSB IRARE IR B 1E R E A ™Y e
R TR T A HLBT , 50A AT RE 24 R oK ik i
I RRF RS Cr BRI SR e AL, (WA R Cr £
I, AT TR
3.3 FKERATE Cr B A XS

RERVE N E EZ Rz — W HEHE
R B R XU BF 5 280G T i ) KT
AWTERY], B AMREEA Cr 9 3 ZORIE, 5T
MR 5 2 T Ik 98% 1 AL, 24 Cr i R oK i AR HEA
UNENEIR YN NEE-3 APo R EY B =95 A:0 i W XN
B WEFE Cr R AR FE XS + 73 b B, Li
SEULR AR WAl R PR RS R ] TOR FULR AR RIR
55 5 AT 70 MRRRAE AR Cr XoF AR B
WAl o, e BLSCN ML #E A HQ B <1.0,

Praveena 1 Omar™ 3154 1" M I 5% 74 W 7 3 U 5 19
22 FRAREARAE S Cr A AT 2540, FF X Rk Cr
V1) R BRE AR AR A T FAT , B HQ 4 8x107, LY
HQ K 5x107°, & ¥<1.0, ZMRKAER b Cr XA
IR 3/, Omar S PEAL T HoR P WS
2= FINAEAK A Cr A9 it BRIV, & B P AC B 17 22 Fi
FEARAE T 1Y Cr ASAELEXT AR 0 15 7 £t 3 XU
TEABEZE R X T A E T3 A 1Y 16 MpAs KA
wn, A in vitro SE6 T B VFAR T RERAE A Cr Xt
N B RS, B X BN FLEE , 275 IR AR
JEAEWI R 254 2 FE LT, AL E ) HQ 1<
1.0, 3RUIX 16 FhAEAK Y4 A 235 | AR g X
(SRS THIPNGHI e S

BREEEN . £ 500972, 5,4+ #HIE, T2 H
W) A E AR T AR R S AR R
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