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) 3, 8°¢C
22 F¢eMn Zn
1¢g/LFe Mn Zn , S HCIV/V) 05102030

40 50mg/LFe 03050812 14mg/LZn 5 S HNO;(V/V)

051Q0LS2S5 35mg/LMn (FAAS ) Fe¢ Mn
Zn , FAAS

1

Table 1 Operating conditbns for FAAS

Elm ent C urrent W avelength Slit GH, fow mte Air fow rate Combus or height
SRR (mA) (mm) (mm) (L/min) (L m i) (mm)
Fe 7.0 248 3 02 23 85 5
Mn 50 279 5 02 23 85 5
Zn 50 213 9 Q5 2.0 85 4
23 !
[10], (1) %1 &8 Aol F47 0% ik . M
pH ; (2) %1 &8 Aol &0 200 ik ,
2
2
Table 2 Mamn components of saliva gastric nicg duodenal juice and bile
Saliva Gastric juice Duodenal Bile

10mL 189 6g/L KC1
10mL 20 g/L KS(N

10mL 88 8 g/LN#,PO, 9 2mL 89 6 g/LKCI

Inorganic 10 mL 57 g/L. N asPO, 18mL 22 2g/LCALL,
materil.s 1 7mL 173 3 g/L NI 10mL 30 6 /L NH,CI
L 8mL 40 g/L NaOH 8 3mL 3% HCI
8mL Urea 25g/L 10mL 65 g/L Gluwse
10mL 2 g/L G lucuronic acid
Organic 3 4mlL 25 g/L Urea
m aterials
10mL 33 g/L
G lncoseamne hydro chloride
145 mg a-Amy lse 1 g Bovine serum album n
. 15mgUric acid 1 g Pepsin
B oen zym es
50mgMucin 3 gMucin
pH 6510 2 L. 07x0 o7

13 7mL 178 3 g/L N«
3 0mL 8 8 g/L N4 PO,

40mL 1733 g/LNaC1
40mL 84 7 g/L NHCO
10mL 8 g/L KH O,
6 3mL89 6g/LKCI
10mL 5 g/LM gCl,

Q 18mL 3% HCI
9mL22 2 g/LCaLLl,

4mL 25 g/L Urea

1 g Bovine serun abun in

3 g Pancreatin
Q 5 gLipase
7810 2

30mL 175 3 g/L N«CI
68 3mL4 7 g/LN4CO,
4 2mL 89 6 g/L KCI

Q0 2mL 3% HCI1
10mL 2 2 g/L CaCl,

3

1 8 g Bovine serim albumin

6 g Bile

8 00 2

(Notes): HClI NHCO, pH

500 ml,

(pH values of all solutionsw ere ad justed usng HC1

or NaHCO; and the total volune of each digestion solution was diluted to 500 mL with ultrapure w ater bebre storage at4 C)

2 4
20 g
3 s Q 45 Um R
80ml,
150ml,  37C 2 h
100 ml, Q 45Hm ,

4°C

200 mlL,

100 mL,
200 mL

500 ml, ,
Sml, 37C

Q 45 Hm

80 m

1h 3

L 37C 7h
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Fig 1 M orphologyies ofmultibyer( left) and monolayer lip dosan e( right) after an plifying 4000 tin es
Q 3~ Q 35 Bm, Q45 Q22Hm R
( )
26
10 mL 23 ( ) 10mL 2 4
( ) (10 mL) R 4. 0mL HNO; 2 OmL H,0,, 10 min
25 mlL,
3
31
2 2 3 2
96 7% ~ 103 1%, -FAAS
3 Fe Mn Zn

Table 3 Analytical results brFe Mn and Zn i marine alkal soup and their recovery

2

Lan nari japonica

Porphyra ha itanen sis

Elment Found (mg/kg)  Added (mg/kg) Recovery (%) Found (mg/kg)  Added (mg/kg) Recovery (% )
Fe 22. 86 200 96 7 40. 03 40 0 9.2
Mn 9. 47 100 98 5 22. 99 25 0 103. 1
Zn 18 35 200 101 2 89. 52 9 0 97. 6
32
4
,Fe Mn Zn ; , Fe
,Mn Zn , Fe Zn
,Mn ; ,Fe 7Zn
,Mn R Fe Mn Zn
; Fe ,Mn Zn s
Fe Mn , /n ; Fe Mn Zn

Fe
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4 Fe Mn Zn (Hglg)
Table 4 Analytical results of Fe M n and Zn mn the filtrate of extracts flom sen +bionic and wholk-b bnic digestion ofm arne
algal soup (Hg/g)

G astric extracts Intestinal ex tracts
M arine aka M etals M LRM s WSM s MILBM s W Ms
SBD W BD SBD W BD SBD WBD SBD WBD
Fe 1. 84 7 56 10 4 9. 87 10. 03 193 2 23 7 06
Lan inari Mn 2 24 139 4 54 5. 36 1. 56 4 98 126 349
Rponra Zn 5. 63 2 68 16 & 16. 72 0. 44 10 18 0 45 6 02
Fe 23. 22 35 48 21 41 49. 78 27. 31 171 17 54 25. 77
Porphyra Mn 380 3 05 11 21 17. 41 2. 31 4 06 515 15. 02
haianens s Zn 7. 66 11 84 78 349 16. 06 10 18 713 13. 45
(Notes): MLBM s( , M ono hyer liposan e-bonded m etals), W M s( , Waterso lubke metls), SBD (
, Sen +bioni digeston), WBD( , Whole-bonic digestion)
33
[12~15]
2
[ 16]
2 2
2
2 2
/ Dyw (Dyw = /
) Dyw 5
5 Fe Mn Zn Dy

Table 5 Dy valies of Fe M n and Zn i the filtrate of chym e fran san +b bn i and whole-bion ic d igeston of m arine algal
soup i somach and ntestine

Sem +hionic digestion W hole-bionic digestion
M arne ala M etals
G astric extracts Intestina | extracts G astric extract Intestin al extracts
Fe Q18 4 50 0. 77 Q27
L . Mn Q 49 124 0. 26 L 43
Lan naria jppon ica
Zn Q 34 Q0 98 0. 16 L &
Fe 1 08 L 56 0. 71 Q0 6
Porphyra haitinens s Mn Q0 34 Q 45 0. 18 Q27
Zn 0 98 225 339 Q 76
, , F¢ Mn Zn Dyw ;
, Fe Dyw ,Mn Zn Duw ;
, Mn 7Zn Dy , Fe Dww "
N N Fe Mn DMW 5 Zn Dv[w
’ DMW ’ ’
2
2
= (1) , ) )
; (2) : (3)
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Application of in vitro B ionicsM odels for Speciation Analysis and
Bioavaihbility A ssessment of TraceM etals in M arine A lgal Soup

LN LuXid, LIShunX g "?, ZhengFengY ng'’
"(Deparment of Chenistry & Environm ental Science Zhangzhou N om al Un wersity, Zhangzhou 363000
/4 Y it iy, ng.
2 (Fuyjan Province Un wersity K ey Laboratory of Analytical Science Zhangzhou Nomal Unwersity, Zhangzou 363000
) uy K ey Ty Y £ by ng

Abstract Two new bionic technologies 1 e n vitro bonic digeston and bionic bim enbrane extraction
were devebped for the pretreaiment of marne akal soup The soup of Lan naria japonica and Porphyra
haitanensiswas d gested at 37 C under the actbn of salva the acdity of the stanach or ntestine wih the
norganic and organic canpounds( nclud ng digestive enzym es) thatwere found n the stamach or ntestng
and then the chymeswere obtained Being smilar to the biamenbrane between the gastrointestnal tract and
blood vessels monolayer lposme was used as bianenbrane model M onolayer liposom e-bonded (MLBM s)
was used for oral bbaccessibility assessment of trace metals( Fe, Mn and Zn) n the chyme The specks
distrbution and bicavailability of trace m etals n marne alga were obviously affected by he existence of the
bioenzymes Based on the concentratbn of M LBV s and whole-bionic d gestbn, the m an absorption site of
tracemetals n marne algal soup was proposed as follw: iwon n both Lam naria pponica and Porphyra
haitanensis was absorhedmanl n stanady manganese and znc n Lan naria japon ica w ere absorbed mainly
n ntestine and these wo metals in Porphyra haitanensis w ere absoibed both n stamach and ntestne
Keywords In vitro bionic digestion Biam mett membrane extractbn M arine alkba Trace metaly Specisx
ton analysg B pavailab ility assessm ent
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