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4 M EERFHX Cat P (Hg*T B9 R M 1E BB

YR, 2RI, B

(P EAK=RZ S BRI, &R T 510300)

FE CRABE AN R AT RS Sk, R XK A B AT SE R, TR T 4 FhIE B R A4 XS CdT L P,
Hg?* BIE N R IMEBRRR , H 5 F 2 (Wheat bran) BE & 4T AT THRIR, & REH . (DEFEIMEL LR F,4 F
WEHENMEREEAEX CPT P H " MR MRS pHUA R EHx, B0 BHIETEBHERMEL, EF
(Lamiraria japonica) W M £ 5% , H ik B BB 32 (BEucheuma) EEFLE (Gracilaria) s & B 8 (Sargassum) & &= , & Ff
JE e eT 4 Xt PO*T I &5, 3 He? YR58, (DEFWHEATRD , X EIEN KEANESEHFEEGEIBEER
THEAMNBHP<0.05), A BETENECENHFHAE NEXRI MR EEE BT ZRTE . DREYE, 410k
N EBERETERAERESENAR, A ERRKESEN ANGKEREE THRANANE, [P EK™FR %,
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KR EEESAE; E2E , WHIEH
FE £ S TS210. 9 XHkFRiREE A

B 2T 2 W DL B S AR ) — 25 E Y,
M AES 2 B7 V6 R 7 fE T . ot NOy BV BR F
BRI BT 6 R | R I B, B ok v 0 U Y R
AR PR ET S, F AR D R R A 4R
Cd** \Pb** \Hg?" . Zn*" ,Ca’" ,Mg?" . Fe*™ fll Cu?*
LSBT ERAE - EMWMAEM, BB EEE LT
YEAE X7 T8 (P A4 T T e A AMIE ok AR TE . TERTST
FEEAAEBRMESEER, TR AL
Z A0 pH I BE S DEAT AR SR, AR U5 A 20 0 S
SR RAEIM A AR BOR . (BT ERE—A+
DRI R EE AR DD EE = ZF
ZMAEDEER W, B, A5 5 45 R A
LA A 7= ot R B o L T 4R AR . A SEI0 S U
N AR B % T BB 3 (Eucheuma), L &
(Gracilaria) & (Lamiraria japonica) F1 55 BB &
(Sargassum) 4 Mg 8 B & 4 4 % Cd*T. Pb*T,
Hg®* B 1 S0 3 Br 20 R, 8 0 R BN IR M Cd*™ .
Pb™ (Hg™™ 4 3% B 2R 2E AT BF 53, Jl 44 oy 0
RO 250 55 R IP U i B B AT G IR E 2 B I3

Y35 B #7:2006—03—23; 1£1T H#3:2006—05—11.

X EHS:1005—8737—(2007)01—0132—07

R TR, 5 22 2R fr 27 4 i) W T BE ) BEAT LE AT ET
Fio I TGS G B MR I R AT 4 A O
Frok AT BMRTRAEEENHERE L,

1 MRE5FE

1.1

1.1.1 BeEAENHE BB OB . DREEMN
T G £ AR 4 oy A% B 2 2 SCk[9, 10— 127 7 v
4% , 22 5 G 1 AF dE AR BR AT 2R B0 R 4%
1.1.2 ¥z SD KK, Hd il KFEFH )
Yy B L R AR (B IS 2003A070)

1.2 F®HEZE

1.2.1 RSMNRMESSIE RN YE 250 mL HE B
BEAT , OB R 100 mL, RS S 55 2 UL 8
EHREET4S 0.50 g, B EELYE 0.30 g, 1%
W22 30 #k[7,13], Hg*™ R WK FE %4 220 ymoL
« L7, Cdt \Pb*" ¥ 4 50 mmoL « L7, # & pH
7.0.pH 2. 0,75 A B/ i F B 1T, N B & 41 4
J&T 37 C NIRRT B ), 4 BITE RS 5 4 £, 15

ESWMB . AL ERBZE ST E 011256) ;7 K 4 R i 05 E (2006B20401007) 5 & M RE B sk R #4L % 470 B (03EFN216900274).
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38130 8,60 48,120 43 8,180 4 £,240 4 £
U N 0.5 mL, 1% M2 2% SCEk[14— 16177 %30 52
W B TR, %8N 5 & & 20 48 10 R
R, LA WRESL IR R AT 3 A AT S5,

__100X (M; —M,)

B/ (mg + gD <

#2100 24 BB AR TR (mL) s M,y 24 851 B 4146

TR (g« L1 M, o & I 20 U 5E o & R JZ (g -
LN A REETERNE(D.
1.2.2 RAIRHMSELE

DOFBEFE 5 MESFEYRK 10% M7=
drmpt, AR EN BAGTR R iR 1D, &ME
&R L, 1 HE SE 58 2 ) 18 1 b # B OoRk E R GR
2.

*1 BARER
Tab.1 Composition of feeds %
28 57 REER i1 B BT 4 S 454 4 MR VER
Group Fish meal DF Soybean oil Ca(H,PO,). Mineral Vitamin Corn starch
SEE 4 Trial 20 10 7.5 3 0.25 0.25 59
Xt B4 Control 20 0 7.5 3 0. 25 0.25 69
=2 EMBEFRE HiRK, BRE—B YL R 1 24 h,48 h,
Tab.2  Concentration of ions g+L! 72 h,96 h #F , B BEER P HEM, WELSHRE,
il R RS YMI4—17]M AN ERTH X ELB
Reagent Concentration ETHEE, HFEERE BB R,
HeCl, 0.05 HEH B/ (mg » ind 1) =MX N, /1000
CdCl, 0. 88
MXN- )
HH =1 X100%
Pb(CH;C00), 1.2 VXN, X1 000 ’

@R T IE % SD K K 180
M HER M UM & 201 ~245 g, i R M=
241~283 g, TEFWTH ERFE 7 d,4FH B E B
TERPRIREE J5 , 4% M ) AR i 2 B AL 2 4, B4 10 2
($£5, 25,359 18 /IG5 Fhef 4 X3 & T +3
XD, BEYLECE TR 6 AEhIah 1 SRAG A
AUEA+H1 ANHEN A, XS 3 M RAGMHES
BET). X3 A K4 KR 5 %S HeCl, . CdCl,
Pb(CH, COO), 3 Fr & & @ %k, B E & h 1% KA
i (v/womL g ), BBES KA TH 5 A
NN RER 43 B E 10%6 1K 5 PR RE B 4F 4 Tk, 1
1 AN B B R, SE A 2 B

AP MHWRERFEEE@; M AERETESEH
TIHESTH(mg » kg )V I RKKFES E(mL); N,
NHEEEEBAERE (g L 1);1 000 HHHEN T
¥,
1.3 #EakE

S50 % 3% F Bonferroni test {E £ E LA %,
Pl SAS(VS. 0) ,Excel ¥ 438

2 HBRESH

2.1 BEREAHEN CE P+ Hg By IR
TERRL B ANz AT, & B RS & £ 48X Cd™
P+ \Hg™* HIR S Mt 1] 1~6,
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i TR) (1 96 F i (8] £ 96 F
1. #w;2. BEBESE;S. FH4 11E;S. BEE 1. #w;2. BEBESE,;S. FH4 115 BEE
Fig.1 Relation between ratio and time of adsorption of Fig. 2 Relation between ratio and time of adsorption of
Cd** by DF at pH 2.0 and 37 C Cd** by DF at pH 7.0 and 37 C
1. Lamiraria japonica 3 2. Eucheumas3. Wheat bran; 1. Lamiraria japonica 32. Eucheumas3. Wheat bran;
4. Gracilariay5. Sargassum 4. Gracilaria b, Sargassum
140 —O—1 ——2 ——3 200, —@—1 ——2 —A—3
2 2 ——4 ——5
s & 180F
§ £ 160
f? f? 140
3 35
< < 120
T 7, 100
2 % 80
= =
~ = 60
o o
= =
) =
O 1
0 50 100 150 200 250 0 50 100 150 200 250
A8l /min Time B 18] /min Time
3 pH2.0.37 CHAMBTREEGAEXN PY R EYS 4 pH7.0.37 CHMHTREEAEXN PYTHRKEYS
i TR) (1 96 F i (8] £ 96 F
1. #w;2. BEBESE;S. FH4 11E;S. BEE 1. #w;2. BEBESE,;S. FH4 115 BEE
Fig. 3 Relation between ratio and time of adsorption of Fig.4 Relation between ratio and time of adsorption of

Pb** by DF at pH 2.0 and 37 C
1. Lamiraria japonica ;2. Fucheumas;3. Wheat bran;

4. Gracilariay5. Sargassum

Pb*" by DF at pH 7.0 and 37 C
1. Lamiraria japonica ;2. Eucheumas3. Wheat bran;

4. Gracilaria b, Sargassum
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) Adsorption ratio

-1

o
&

W B4/ (mg »

0 50 100 150 200 250
I 1)/ min Time
5 pH2.0.37 CAMTHELEN HE KR ES
I [B) ) 52
1. M2, BEBESE;3. EEkd LE5 TRE
Fig.5 Relation between ratio and time of adsorption of
Hg?t by DF at pH 2.0 and 37 °C
1. Lamiraria japonica ;2. Euchewmas3. Wheat bran;

4. Gracilaria;5. Sargassum

Bl 1~6 om, 5 5 2K & A 4R I Cd2T JPb™™
HZ A ERKEE R, pH 2.0 &4 T4 30 min
W bt s T4 A0, pH 7.0 41 N 27 60 min W B T 10
M, BRBEE4E7E pH 7.0 % pH 2.0 418 T W bt
SRELL,TE 2 B pH & PE T, B T I RO R BB S e B A
HEXF CdE A Po™ f W5 PR AH 22 R 4k, Al 6 o £F 4
X AN 4 B AR 26, 7E pHL 7. 0 41 T 2 pH
2.0 %M P2 50 B, W TARKESRE,E &L
o (VAT R B 2R A N AR T, PR pH e T M S &
o xt POt Wbt & oy s AN, JLIR O CdPT L 4 Heg?t R
M5, &M A4 N E SR MR HEE W
HFHEER, M pH 2 T EMEC AN ESBR
B B8 T3 A K B /N WG A8 TR Ay < T | BB S L 2 K LT
B ORE, XRPEEFASTESBIRITSHEE
Aep)Fh 2 EL B IR pH &4 2K,

2.2 [EAHES CEt PhT (Hg B IR IR B

KA B A Y CaT L PHYT  He?t B A P R Bt
HamE 7~12,

B 7 B 9 B 11 AT, PR SE I RDRL S [ 5R 1,

——3

7 - —— 1
—— 4

——2
—8—5

) Adsorption ratio

=1

o
=3

M4/ (mg

O 1 1 1 1 ]
0 50 100 150 200 250

I 14] /min Time
6 pH7.0.37 CAM TR AL EX HE R ES
I T ) 52
1. W2, BERESE 3. FHd TE5 GREE
Fig.1 Relation between ratio and time of adsorption of
Hg** by DF at pH 7.0 and 37 C
1. Lamiraria japonica 32. Eucheumas3. Wheat bran;

4. Gracilaria;b. Sargassum

2REEFHENESERZ, F 4 REXNESRE
CamE, et 4dBEA TR, E84d, 8BEBER
eExt C&* PH* (Hg ™ M B HEH = (R WLIE 8K
10,18 12, BHBESE W7 24K L& DR w0 K R AR
P Cd .Pb*" Hgt I B CR W EE KT R
H(P<<0.05), BiBEZEx C&T . P . Hg 3 M E 4
JE o HE AR &, R R (R 4 il 1,94 mg
(79.65%). 4.41 mg (68.06%) 1 0.071 mg
(47.28%), MBEZEST Cd*T PO FIH B AR B3
AT HREEP<0.05),mMmEEHHRE ) EAKX
BINMRIR IR LS SRR, BESLIT¥ L
HELEFEMZER (P >0.05); B EEEx He?t A4k
HECGEZERTEW . EFH LEMLREREEP <
0.05), i Xf Heg?™ B4 & CR) B & KT £ k.
TLE DR 3 (P <<0.05), 4 B #Ex Heg?™ MH:H
BCEREBE/NTILEMEE (P <0.05), HHIEK
Ui, % T B & 4F 4 % Cd** L Pb*T Hg?™ [ HE H g )
MR BN IR . BRI S iy (2 4k L VDR
TR, B A 5 R AMERL SR A R AR ST,
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12 90 - B HE1ZR Ejectionratio 4 2.5
- 21 80 - & O #HFHHE Ejection quantity &
£ - 2 ol . a.b ab ab b 12 E
E] —— 3 g =]
508t S 60r H H B s
g —— 4 5 c 1158
3 .2 50 - 3

3] s 40 F

2N =\ =41 ED
F o4t —— 6 530k E
Ix & i
& = 20 {053
= 021 10+ =

| O 1 1 1 1 1 0
0 0 6 M2 Mi M3 M4 M5 M6

BlTe] /d Time

7 REE AN CAPT Ak Py HE R B B R AR R R
1. ¥, BEBEZE;3. =3h,4 ILH,5. BRE 6. XK
Fig. 7 Relation between quantity of Cd?™ ejectment and

time in body
1. Lamiraria japonica 32. Fucheuma ;3. Wheat bran;

4. Gracilaria;5. Sargassum6. Control

25 —8— 1
= —— 2
g 2r —— 3
: 4
= ——

.9 —¥— 5
[aa]
210 1k —— 6
=
e
Zost
K
0 ]
0 6

(8] / min Time
9 FEErE4Ex PO A Py HE R B RE B R AL R R
1. ¥ ;2. BIBESE;3. 8,4 ILH;5. SEE 6. WK
Fig. 9 Relation between quantity of Pb*™ ejectment and
time in body
1. Lamiraria japonica 32. Eucheumas; 3. Wheat bran;

4. Gracilaria;5. Sargassum6. Control

£ 4if) 2% Sorts of DF

H 8 BEELrdn Ca B m
HHEZREEEEER M —EH,M2— B BE M3 —F
HMe— T # M5 — T B ;M6 — 3 8

Fig. 8 Quantity and ratio of Cd’*" ejectment by DF
Note:Same letters are not significantly different; M1 — Lamirar-
ia japonica s M2— Eucheuma ; M3 — Wheat bran; M4 — Gracilar-
ia s M5 — Sargassum; M6 — Control

70 W 1 % Ejection ratio 5
a 5 Bieeti ity

ol M b O HH & Ejection quantity | 45 5
° mm a0 £
= [ | 14 5
g 0r ab {35 &
R [~ b 3 g
R 3 2
) 125 &
§ 30 - 12
B oL ¢ {155
¥ o
it {1 =
- i

10 105 %

0 1 1 1 1 1 O

M2 M1 M3 M4 M5 M6
AP Sorts of DF

10 BEEAES P HH B H LR
W AHE T B B3 # 5 (P>0.05) ; ML — 8 7 ; M2 — BB
3 ;M3— 23k MA— L8 ;M5 — B B, M6 — 4t 1
Fig. 10 Quantity and ratio of Pb?" ejectment by DF
Note:Same letters are not significantly different(’>>0. 05) ; M1
— Lamiraria japonica ;s M2 — Eucheuma; M3 — Wheat bran; M4
—Gracilaria ;M5 — Sargassum ; M6 — Control
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F1# WK 4 T B S 4T 4T Cd®T \Pb* (Hg?" (MW It 5 A 137
351 —— 1 50 a B {FH % Ejectionratio - 8
45 - R b O fl:th4E Ejection quantity | _
Zz 30F —— 2 - g
= g 40t . ¢ &
5 25t =3 E3st m &
g — 4 2 30k . 5 £
5 20r 2 d 5
o .2 3
=3 —k— 5 & 25 - 4 e
éﬂ 15F 6 &\“ 20 + 3 %D
~ 15| e -
Ho10- £ {2
E F10¢ ES
= 5r 5L 11 %
0 | 0 1 I I I I T | 0
0 ) 4 6 M2 Ml M3 M4 M5 M6

B /d Time

11 FREE L 4Ext Het 4 Py FF k2 B8 B R R 4L B X R
1. ¥, BEBEZE;3. =3h,4 ILH,5. BRE 6. XK
Fig. 11 Relation between quantity of Hg?" ejectment

and time in body

1. Lamiraria japonica 32. Fucheuma ;3. Wheat bran;
4. Gracilaria;5. Sargassum6. Control
A
3 itit

e B 2T 4 ) B < Ja Y B R A A B R B AT A
WA, AR S IR B 2T U R A R I 45 R A UK I B
R, B T OB I A0 4, A0 5T CHiE 2
T B T 4E X & R KW AT & Langmuir WM 41
R R TR BT, MR R 3R TR
pH X )R W B A R ma AN S AR, T 3 2 Ak 2 W
PP AR, LS AR TR T SR B AT P R
RIS S e TR % OB RN EER,
BRASGE R O R, B B e 55 R
R MR T, e TR EEN S
TREAE R, TR E R E R RN, X
U B IR B 2T 4 X B R IR PN R R, R R AT A4S
ARG T R E A, X BRI B SR O
B 2T 4EWR I B < R 0 SR AR K, 2 pHL (BT s R,
BELWRTHREE 2, NESBRINEE L, (K
pH Tz, Bk, % B & 45 4E 72 /0 i 50 55 T 1Y
WHRERTHHAE, B, EeEETHETS
JRT R EEAL A, W A RE N E S T
B BOMAR S R AR AR R AR,

HERAHEN BB GRS ERR KL
R, BERERIENESEE TR RAILHF
VE 78 520 T AL, I B AT dE XS P M B O, X
Hg* W % 55, 3 3 22 Y O I 8 I & 1 2 mT O %

F4EFRIE Sorts of DF
12 BEEAEX He i SR
W AHE T B B3 # 5 (P>0.05) ; ML — 8 7 ; M2 — B
3 ;M3— 23k MA— L8 ;M5 — B B , M6 — 4t 1
Fig. 12 Quantity and ratio of Hg?" ejectment by DF

Note:Same letters are not significantly different(’>>0. 05) ; M1
— Lamiraria japonica ; M2 — Eucheuma; M3 — Wheat bran; M4
—Gracilaria; M5 — Sargassum ; M6 — Control
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T £ Y E e R O 4 B RE ) IR R AT e RO R
KK, ARFROBERE T4, 3 MHESR
(K14 SR BB AN A TR BR A AN AT, (AN EHRORE
L 8 SRR S T s B 2T ME SR DL A ORI R BE D, K
FEEEN BB EMA R, WO W R E R
SEMERNHEENERARmIER, FEE
BE 52 31X 20y 1 (4] R BH & 5 vE PR AN E BR B A AL
B S R 20 B R T 4 B 35 1 25 6 0 3 B 2 T2 A
725 [ 7 BEL 28 R 0 K /)N 38 2 6 T B R BT A R

BEBEEIEFRESBENSRESZI Y
EHMEA RN, BT KRR T Y S T,
2 FAK > Ol (B FL AT R, AN fE SR AR A1
X R S AR 1 T R OR R E AR TR R 1B L
B ZFE BRI COR M E 2 8 & T KRR A YR e
T A T R R B EE e T T RE, SRR
AT, FE R SN I SE 36 FR IR i I B AT M 5 T
R VR B 5 A R B, R T A P PR B A S 36 v LA e
2T 4 X 4% B < A R R RO R R A, I AR R AE AL T
TR B 21 Y 5 Wl T Tl 2R D AR T RE TR ) R
ME2RE, B, BEERCIESESEE T HENE
B R0 R B R T £ 21 2 0 B 2 TR B N B
T IR A TR TR (K 47 S R
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Adsorption of Cd** ,Pb*" and Hg** by dietary fibres from four seaweeds

YANG Xian-qing, LI Lai-hao, QI Bo

(South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract ; The adsorption effect of dietary fibres from four seaweeds on Cd?*" ,Pb*™ and Hg*™ was studied by simula-
ting the environment of stomach and small intestine in vitro ,and feeding rat in vivo. At the same time,the adsorption
effects of wheat bran was studied as control. The results showed that; (1)in vitro sthe adsorption effect on Cd* ,Pb**
and Hg?t of dietary fibres from four seaweeds and wheat bran was related with pH and the sorts of dietary fibres.
The adsorption effect of dietary fibres on heavy metal was higher in small intestine than that in stomach. Among the
four seaweeds, the adsorption ability of Lanunaria japonica was the best, followed by Euchewna, wheat bran,
Gracilaria and Sargasswmn. The adsorption effect of all the dietary fibres on Pb** was the best, but the worst on
Hg?t. (2)In vivo ,the scavenging ability of the four seaweeds fibre on heavy metals was significantly higher than that
of control (P<C0. 05). The scavenging ability of dietary fibres was as follows; Euchewna > Laminaria japonica >
wheat bran>Gracilaria>>Sargassum. These indicate that dietary fibres from the four seaweeds have the adsorpting
ability on heavy metals,and may have important applying value in reducing the cumulative toxicity of heavy metals in
human body. [Journal of Fishery Sciences of China,2007,14(1):132—138]

Key words: seaweeds;dietary fiber;heavy metals;adsorption effect
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