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Fra i 2

(1. AR HIGERT A M AR G S0l S m AR e JE )
2. WAL BT LM PR AR L T 361013)

361013;

BE GAMTEBECRENHRERSEFT L EN TR ENARTF R — BRI &%
B 4 5 #3L B UL(Chlamys nobilis, AT 8 7 B D) o 48 (Cd) 4 41 7T 45 M 207 8 T 4L 22 T 7 (Cd &
BATRE), WENAREMITRE, WmNEAREEANS R TT(E ), HitR IUEA
CAdEFMFHBHEINA ., ERET, BEMMF £ BB EMER TR I, CdiE S T4 e i 7
KKK FEER>FREA>T 4k, MEREANT N : BR>MEit=t Z 4B arEk,
U+ =45 B A fE i A Cd ¥ B Y InC—t 2 &M A 25 (R=0.9530 #2 R=0.8891). H ik, Cd 7"
RERFEHEHXERFE pH, EETZHFR. BiimedZaERtrd, HhiBrx
fERl BF—tbAE 1:10-1:120 (g/m)Z o Bt, BIERKN Cd AHFEERAREZFZER, BRI
Cd AT AEDMEKR, K2 EFHNERE T, BINAH 70%H Cd BRiES, BEIL

HALBE R Cd i AT 4 E KN 70%,
P35 /|y RO AR AT LM
hESERE X8204 XEAFRIEES A

BE(COHE R YA R = KSR FEEZ—,
A7 5 B¢ Ay [ PR 485 200 3B (UNEP) 2 4 1) 12 Fh A 2k
P S b2 G W R 22 8 DA R 35 [ S 48 P2 A
23 (ATSDR)HE i 19 fis 35 N IR A S 2R 6 1
(EWIEEE, 2014). HUEEPERMNFER M S AFLE
Jl(Chlamys nobilis, LA T faifkRi Il), Xt Cd R4
RES1 o, MR &, EHEESREKET, ™~
Az e BRE XU, B SR 1 7 T B2 2 e R, (EL3E T H 25
AR R AR G 3 R EC(THQs) A X 4 s , B4 82 /K
SR R, e A N | — a2 Y AR (22 TR A,
2013; BRLH4E, 2015),

S —JiH, FREEQOIDME I, B TP AE g
Y MR B A S A DA 3R S5 Hh Bl H O3 A 3 43 ] Xof

XEHS  2095-9869(2016)06-0094-06

PUAS AT AR T, S s A S I A R AR 2 4R
GG HE YT B B ROk, T AR 1
BORRsE . THESERE, CRORITAL R R A XU
A ZERR T Bz — o ARRFSER A< AR I AR B
PR E i BT AL EREE , %R DAY Cd /A= 9]
PERATIRGE, HF A TIBACRAL R (RREE . CHL A
AR AL . REREESEXT Cd AR

1 #MH5FE
11 UBiEEEiRA

AR : TR T IRIOEE I (CE 3500, ThermoFisher),
KB E R IE 7 (THZ-82, H M EEH A RAF),

* AR A B 25 SR BE T S AR BHIE T (1) v B 2013R001-4; [HTE A} 2013R001-5) 8 G4 1 v = 8 =k &
J& & T E (1) 7 =BT [2014] 18 5) | ) 15 H 20 1 A 0 0 U s (AL TF R 4R 2 3L 557 55 (20 14FIPTO 1) AR o 221
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Pl : ARSMITAE T AL AE A2 S RTFL R DL (Chlamys nobili sy i i) 25 4 mT 28 1 v iy i 95

UL HL(5810R, Eppendorf), T I f#AY (Mars 5,
CEM), pH/ISE MiR{% (828 %!, Orion), #AZli/KZES
(Milli-Q element A10, Millipore),

JIRVEZE LM 12 4000), YT . A MiEAEA . o-
TER (TG 1=4000 U/g) . A5 WilE(E J1=30000 U/g) .
FE . R . HEABGH 11 30000)% 4 kit
Y B —RS A BRA R, A, kR .
WAE R st AR R Fr

SCUG AR S AL DU FIE T T A T g,
a7k vk 3 5 e

GBW10024(GSB-15) ki Ul 5% 43 43 Bt h i ) Joit 1)
FACE AR BT BB A E A BR A A,

12 fFEHELESR&

% B8 Oomen % (2003) FIAR % 75 25 (2014) (R &1 2475
AT AT L T %2, 43 A B A S A AL
YR CHLY, VA pH ZE 4 ALBAHRN B pH {8, 1
O A A A TS AR IR L A B
XL AR, a0 A T A, 0 A T A
4°C TR o BARBCHI L3R 1,
1.3 gt
1.3.1 & & -F et W 4 DA, BB
DIRER 2 2 g KSR 0.001 g, A7 2 4%), Zr3limA
MR . B . T IR 40 ml, 7E
37°CHEIR YR (& B A FZ A DS, 8000 r/min 2

> 10 min (4°C), MWW 0.45 pm SRR, 18
WA TR TE 4C TR
132 HwmEAZE (D)TH LA AR . 3 & A
W B I8 e AR A AR S
ASSLE AL, B pH . TEHL/A DL LA T Ak gt
D5 HE T AR 52 0 o R BRI 43 3 4K (8 ZEAH B pHY)
05 HE AR CTCTH AR B AT A T AR, FER R 2R
1:20 (g/ml), Frf7 SC8a-VA7 2 1, BOFIME.
QB FERE-WEHE 1210, 1020, 1130,
1260 F11 1 120 (g/ml)Fr FFRHC—xE 2 19 bpt DUAE i 1F
fraa BB EA: e A2 AR 2.5 ml, 37°C
fEIR IR 5 min; IN254 H W 15 ml, 37 CHEERG
2h; FAIA 30 ml 48 A 10 ml 0y, 37°C1E
IR 7hJ5, 8000 r/min #.0>» 10 min (4°C), B E7F
W, H0.45 pm RS UE, DR (DA TH AL BBE)TE 4°C
TRAERE . BT SEE AT 2 4y, BOTFME,
1.3.3 #kHmA Cd 4 En 2 FREL 0.5 g B L
B AR e ek 2 g e DUER S RS 6 2 0.001 g),
JIA 10 ml & HNOs, oI 1 A DU 2 Jg DUAE 5 5L Cd
i B EL5.00 ml A THALUER S AL B BE), A 5 ml
W HNOs, fH i a e i DL Cd ¥ i ¥ piik
THAER A R RS R T E, A 10 ml ¥k HNO; 1M
R E RS Cd i AT 2 AT IR . R
A B R FIBOE T GCE 3500)0 5 B3 ULFE &
5 A R AR i R Cd B i

F1 BEIMIEHLBRHAEBK S

Tab.1 Concentrations of the synthetic juices composing the in vitro bionic digestion
i H Items e Saliva B Gastric juice + —#8I# Duodenal juice 1yt Bile
ALY 10 ml 89.6 g/L KCl 15.7 ml 175.3 g/L NaCl 40 ml 175.3 g/L NaCl 30 ml 175.3 g/L NaCl
Inorganic 10 ml 20 g/L KSCN 3.0 ml 88.8 g/L NaH,PO, 40 ml 84.7 g/L NaHCO3;  68.3 ml 84.7 g/L NaHCO;
solution 10 ml 88.8 g/L NaH,PO, 9.2 ml 89.6 g/L KCl 10 ml 8 g/L KH,PO, 4.2 ml 89.6 g/L KCl
10 ml 57 g/L Na;PO, 18 ml 22.2 g/L CaCl, 2H,0 6.3 ml 89.6 g/L KCl 0.20 ml 37% g/L HCI
1.7 ml 175.3 g/L NaCl 10 ml 30.6 g/L NH,CI 10 ml 5 g/L MgCl, 10 ml 22.2 g/L CaCl,-2H,0
1.8 ml 40 g/L NaOH 8.3 ml 37% g/g HCI 0.18 ml 37% g/g HCl
9 ml 22.2 g/L CaCl,-2H,0
AHLY  8ml25 g/L JRE Urea 10 ml 65 g/L #jZH Glucose 4 ml 25 g/L JRZ& Urea
Organic 10 ml 2 g/L A4 HEEARR Glucuronic
solution acid
3.4 ml 25 g/L JR & Urea
10 ml 33 /L L4 4 bl £h e £k
Glucoseamine hydrochloride
HAEEE 145 mg o-JEA# a-amylase 1 g 2F 117 & 4 BSA 1 g A IiLE & 1 BSA 1.8 g A Il & H BSA
Digestive 15 mg FR% Uric acid 1 g B & F Pepsin 3 g R & Pancreatin 6 g JHIT Bile
CNZYME 50 mg B % Mucin 3 g H # Mucin 0.5 g i3 R Lipase
pH 6.5+£0.2 1.07+0.07 7.8+£0.2 8.0+£0.2

#: HCI 3¢ NaHCO; ¥ YT pH 5, HBAIKERZE 500 ml, 4°CHRAF
Note: If necessary, the pH of each juice is adjusted to the appropriate interval by HCI or NaHCO; solution and diluted to

500 ml with ultrapure water before storage at 4°C
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1.4 HIELAESSH

Cd MR BB Cd & it 55 DUFE &
oCd SR, RP.

HHE =(CxV)/ (0xm)x100%

Krp, CRHMEMEEPEMAS Cd & pg/l); V
FTHALBAAT(mD); o R VS Cd & f#(ug/g); m
RIFRFE ()

B3 DUPR Y Cd A A ] 45 S35 B DURE 22 B
WEHALE Cd Byf KB cE:, DL B0 A kA Cd
(R SRR T RAE

i Excel 2007 3#£47 %4l 4b 2R B Hil4E - %€
EZR B FEHAKFEPH0.05,2P<0.05 B 250 E,
RZ2ERANRE.

2 ZER51He
21 BlEAHBERE=E

Ji DUARTER) BT Cd 25 i 455 4(1.1240.03) pe/g,
5Z%{H(1.06+£0.10) ng/g Y&, FRBIHPH -5
FWOETE RN & A Cd 5 i AERf T SE
SR UL Cd F R EGE, MEEY 2.98 pg/g,
fiE S R b ARG XT ed MRk REwE, H Cd

X ] e A2

—4—4 1} % Dissolution rate W InC

60 r 0.05
S " m [
S sof
5 u m {000
g wf
é 30 F 0“ ¢ R —0.05%
.5 20 -
¥ - -4 -0.10
H 10|
p
0 1 1 -0.15
0 20 40 60
i} [E] Time/min
(a) PhAEMER
(a) Saliva in bionic digestion
. 7 _—Q—Z’Q*tﬂﬁ Dissolution rate m InC 1.00
3
s 60 |- 40.80
o
.2
% 50 4 0.60 O
a u g
@ 40 y=0.0467x+0.4581 1040
B 2 —
® ol R=09530 o0
K
20 1 1 1 1 1 1 1 1 0‘00
0 1 2 3 4 5 6 7 8 9
H} 8] Time/h

(O 12 g g 7.77871
(c) Duodenal juice in bionic digestion
1
Fig.1

FEF DUAR P B A 2 s WA, 76 IE %1 X e 7e {4
R R Cd B R (R HE DY 45, 2014), PRI,
HE ML NG T EL | E—E W EMR
22 B FERE

ARG T, AR B . +15hk
FRR A S2 80 B DU Cd B9 A UL 1, A e
Wrp Cd B, 16 20 min AR R, RGBT
e, PR R, iR B Wb Cd s, WTE
2 hikFlR AR, REGETRE, FlErExz;
A THRBRR Cd MEIE Th WK, 7h 5
WP B RIS, DA Cd B HAE 3 hik
Fli s, REETRE., BRmE, S04 HE AR
H Cd Y ST s TR AR R Ry« ) A e V> 1 >
1150 e =171 38

TN (2013)F8 i, ik s [B] 52 i g 1) 4 A S
N, Bifi g5 BN ) A K Bl R R O, M
T A B KT 2 h, BRSO B S, SAS
B (R 25 AW A o A5 A+ 38 I W PR 52 4 )
Cd FH R TREAIS, XAl ReEH Ak DR N
I FEEWNEFRE S REAR, HTMAE 60%0 1
(A, 2011), 12K 5 2 A T AL e B b (8
BB XK PR ), Y8R A R R
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(d) Bile in bionic digestion

PROM A5 2 AR T Cd [ R SRR IR 1 06 3R

The relationship between Cd dissolution rate and time during in vitro whole-bionic digestion
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Kb A AM Az I Ak e A 5 A FL 5 DL (Chlamys nobilis) s P 4 14 25 B ] 2514 v (%) 157

97

KEF, FEALT =/ NIRE & 1, it — 20 18K Bl
Fa), B2 R 7 )49 26 (L F5 I 4%, 2013),

AN, B A T AR Cd 7 R BUE (InC) 5
7 /R B, AU A 38 e W R s AR AR
InC-t I RLMEXR, BA RN MRS, %k
RS HK InC=0.0467t+0.4581 (R*=0.9530)F InC=
0.0354t+0.7758 (R*=0.8891),

BHE

FFAEMER . H W T 48 W IR 43 ) 4
B DA 20min, 2h, 7h F13 h, EHEH Cd B
1=1(2.93 pg/g), i SR 98% ; MEVR H R fIK(1.03 pg/g),
TR 34%; IR IR YT i Cd ¥ A ZE AN R (43
MM 1.99 nug/g F 2.22 pglg), HHIERL 70%.,

Cd ¥ i = AR5 T A VR AL BRI g DL R i A
RRICF , MR L RO TE R I, N REXTHE 2R 21T
WIAEAL, TR DU S AR S 15% 2545 (R,
2011), MR HEILEE A PR . E IR AEXT R 1 Tk
TTRILHAL, (B Cd s il it ol RE 5 HARAIRAY pH A
(1.07£0.07)A Ko 48 W3 £ B9 BRI 22 A0 G 1 Tl
REXTHEZS 85 1 R 107 A T Ak 5 IRV 5 T Al
HEeFLACIENT, & TYEERFEAL, X Cd A
WEER S5 —rE, WA AR pH W 55881, Cd
T2 B —E 2 o

FImE R

241 HALR K EANRER RS, RE .
THUA LY . A B A7 8 A X E e A Cd
RO TE 25 A A W m] 4514 O TR B /E FH (Oomen et al,
2003; MRENELEE, 2013), AHFZE LI DU Cd 74k
KA ZARE pH) |« 245 A2 1 AL T T A i) A5 25 T

2.3

24

AT R SR AR A AT = 3 e T AL R &R B
YER AT RIS

WK 2 Frs , pH W iR B8 DURE i Cd i Hh 7 5T
B EE 63%, 3% 55 MR B T P 25 9 DA R e Y AR
B S B AR DURE S AL RE A R G BIRh
Cd B A% 2(>95%) 5 B Y ER R A S X Te AL
ARG LR R EEE A G, W Cd 48 6 85 1 7E pH
h2.5-35 B, B 50%M4 R BT & AR (3,
2008)", 24 pH 1 6.5 F&FZE 1.07 if, CdIEHFRIRE T
3.5 5%, [EE, Bfke pH #5517 B W HL/A WL
FH AL BT Cd 5 H R AR .

TALA WS AME+ 38w . IRy 4
RGN Cd A R R AR B R s K T
76% . 111%H1 54%, XA G0 TEALER BH 25+ (an
Ca®", Mg, K% 5 4 WG BFFRLNE A K CT %5 TEHILIH
BTSRRI A 38 AT i h 1 BE R
Cd (¥ i -5 (E AR, 2012, 2008).

T AR BRI T s AR BT Cd ) TR
=, A B R 40%, KT pH FMEHL/A N
Fsm, BRI, MR H Cd 3 i InC-t 4k
PRI ZR I 3 AT BB 32 i S N T o, T AL R e a2
YR IR . B A B A BN TR, AT
W Cd BlA YR BCIARG S L m Cd i R
(MR 4, 2010), BRSO X T 43 R 05 A= T Ak
Cd F AR E A ., 295 BE R 51%,
BRI B LA AR o] R 2 4R 3 -+ 38 I Y Hp Tl sz 1z 1)
i
242 H-E TEHILREC L 025 01503 ¢
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Fig.2 The effects of different digesti

on juice on Cd dissolution rate in C. nobilis
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Fig.3 The dissolution rate of Cd in C. nobilis
with different digestion
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B AEPIERIN Cd B9 A=Yyl FIEIF2E T 6 i 2
oy e/

3 it

(1) AFEGA AR B DR Cd 3% S i st
[EARTR], AR R A A e > 1 B> AR >+ — 48 I,
UG 2 Fps AR AL D Cd YA & InC 5] ¢ 22k
YRR, HA LN .

(2) B DA Cd FEA TR A T AR ¥ s
ol B~ 38R . IR pH 2
o Cd IR EERE, LA T (pH
6-8), T ST Cd 7 B M i 25

(3) FE—RILAE 11 10-1 & 120 ZJa], i W&y Cd
WHREA RS, RARER XS Cd AT 4
FREMAK

(4) RO EEABRENT, BIlENASH
70% Cd B, B RAWI T 4558 K 70%.

Bigt: A KSR AREE. FEZ
TARAEFRE KR G5 Fitih, M.

2 % X M

EilE, Bk, K= PR S M e E . fmEk
72,2014, 36(1): 78-84

EHW, TEH, RERE, 5. 054 B Aem O 8% i 2kl
FRECP AR . A BE 22T, 2013, 31(7): 1508-
1511

M, U, k. RS I REP RS F X mOES
AR, IR, 2012, 21(6): 1121-1124

THMS, XK, 2A0LR, % AT TCHLERRT IR S 4
BRI PTR M R, Rl SRR R 2= 244, 2008,
27(3): 884-888

13, A Invitro REETEN S AT pH M 3% FE XY 64
AP AT SR Z . ORI R 22 4]k, 2012, 31(Q2):
245-251

ZEREE, TRYE, XU, AW R R A B TS e KU A
FRRR . R AR AR, 2011, 23(1): 17-22

2. DL EE SR AN, 2011(6): 20-21

RKAME, THE, FAER. Ryt sy b oh e i & m &
HAERPLA. e SRR T, 2010(12): 59-61

Mrerde, MRlm, MR, & ERMILB AN E SR &5
FPAfr. T e SEEEDTST, 2015, 32(1): 33-34, 36

WRmn L, 2R, B, & IR E R E PRI
SRR YT TR TR AR . 6 S 6IE AT,
2013, 33(11): 3075-3078

1) tdge /D U 38 B R R X S 5k B e R 5. DAl R A A 5 2R 24738 5L, 2009, 1-3



%6 Tl PRAMIT HE TS A AE A S HFL RS D1 (Chlamys nobilis) {4 P4 4 B4 A= 1 vl 2544 v (1) 157 99
MREETE, %, KRG, M A T A5 2 R B A ) 2013, 34(8): 52 55
WrEfE e T iR & B A AT . T BT, Sdkik, BEF, %‘nﬂjJLXTTI_J%‘n*% 7K
FEh 7%, 2014, 39(12): 2330-2335 FrhE NPT ALRE T 5N b D1 R
MREE TS, 2%, FBIRGE. I A My A= B84 53 BT i e 7K R B, A=A, 2014, 9(2): 224-232
W *1@%%% RIS RAY T 540, i fk2, 2010, Oomen AG, Rompelberg CIM, Bruil MA, et al. Development of
38(6): 823-827 an in vitro digestion model for estimating the bioaccessibility
RNk, T, WREERL, 5. ) PadeEIE K K E & RS of soil contaminants. Arch Environ Contam Toxicol, 2003,
e o5 R T R DS KU A B T R, 44(3): 281-287

(%4 )

Preliminary Application of in vitro Bionics Digestion M odel for
Bioaccessibility of Cd in Chlamys nobilis

YANG Miaofeng'?”

(1. Key Laboratory of Cultivation and High-Value Utilization of Marine Organismsin Fujian Province, Fisheries Research
Institute of Fujian, Xiamen 361013; 2. Fujian Collaborative Innovation Center for Exploitation and Utilization of Marine
Biological Resources, Xiamen 361013)

Abstract In vitro whole-bionic digestion model has been an effective approach to study the
bioaccessibility of contaminants in food. Due to the high exposure of cadmium (Cd), samples of Chlamys
noblis were pretreated with in vitro bionic digestion for the bioaccessibility of Cd. The releasing
mechanism of Cd in C. noblis was investigated in a simulated gastrointestinal tract environment where the
chyme was obtained at 37°C through digestion with enzymes and inorganic substances in saliva, stomach,
and intestine. The samples of C. noblis were treated with four digestion juices separately, including saliva,
gastric juice, duodenal juice, and bile. It was found that the dissolution equilibrium time of Cd in the
digestion juices followed the order: saliva < gastric juice < bile < duodenal juice. In the bionic
experiments, Cd dissolution quantity showed the pattern: gastric juice > bile =~ duodenal juice > saliva.
There was a linear correlation between the logarithm of concentration (InC) and its corresponding
dissolved time (t) in duodenal juice (R*=0.9530) and in bile (R*=0.8891), however, no correlation was
found in saliva or gastric juice. pH may be the key factor of Cd dissolution in the bionic digestion with
saliva and gastric juice, and digestive enzymes played the essential role in the digestion with duodenal
juice, bile, and in vitro whole-bionic digestion. There was no significant difference when the
sample-to-fluid ratio changed from 1:10 to 1:120 (g/ml), implying that this ratio might only slightly affect
the bioaccessibility. The releasing ratio of Cd in C. noblis was 70% and the maximum bioaccessibility in
C. noblis chyme was also 70%.

Key words Cadmium; in vitro bionics digestion model; Bioaccessibility
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