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WE: ARG EEDIHAEST RN E. JURFREEBE)fod . I8 — 578 G
BEVNRANE, TRAABLRBEFE THEFEZACP-MS)N & &EH. RZ Z 3
B B3FP AN, W NER AL RUTT A Y. JR R R LK Sk o NI Cu. Zn,
CdRPb5SHEALARBAE, FHHATEALLEMITN, B, Mg THMERX TRAN FE
HERZZEANATAELRMEIBRARKE —KEFRaL, UHATIA&EFIEMN. £
RETF, ERFIEMAFTREATINELECENAEAER KT B X RETE;
S BB 3 o T U 4 AR B - B Cufn Cd ey & & 4 B 4 57.113 mg/kg wet wt.F11.163 mg/kg wet wt.
R AR 5+ Cde EX 5 1.23 mgkgwetwt., HHATRETE. HFHH. RE T
B, HIMERNANZLEE TN ERET, WAENNENY L2 ARERE RH
ERM. SREFEHNATNEREERCELREFG THEE, TLRERF T F4
LA F BB EETAA. S FAERE BEEAA. SRAER S EDAAY L 5 T RE
(P<0.05); EREFMENAFHEEMEZ L EMENREERS, WHEH®R S ENK

(P<0.05) HTH %W, LRFECARNANELRNES THEE, AR EmeE =,
XEIA: rEER; E4BE; A RR; £2HTH

hE S X835; S917.4

e [ 1% e 7K 7 7 B 30 3l A A = SR
B PHRHRIR K | B IE K BUEAL L o Uk
S E 22 Wk o IR FE R K B9 LR AR 2 S B G
P, KRB . KU B IR — R A
AU P, HEATIE AR T AR R AR TR
SR LA A FR B T5 0, 42 K™ dh B T8
B, EASTRIR R GUAE IR A R K I e e S T
T B )z B RS o PR IR AR G 2 i D
N5 AR A S AR N T R AR Y A A7 A e
ANTOK AR RGR Sl AT B UKL DOSE 1Y 2%
Wi s oK A R 8 B W SO AR TR R R L F
B AR 2 A AR AR AR R A R AR
i AVRE AR T, SR AR R R R AR, KA
Hh R A 75 e W B B B A W R B I RO A TRUR
LA 1) R 2 0 Bl 2 0 A W RS T 3 AR T, Ol et

Y#sBHEA: 2016-05-23  fEEIBAHA: 2016-07-27

XRkARERRD: A

T 0G0 A W ) B T A P ke 3k 31 e Ak K BT Y H
R, IR B 1 0 R R A A . AR L
it £ 40 T A — 86 T 1T LOKE R R AT B R A
PR . B AL Rl s R A, I T A . B
AEPIE A Ak, DT E — 25 46 8 77 R i 4 K
AE 15 VR R AE W) 34 fig 3 2k R Tk B Jo
A 3#E S04 AN o B TR Y AR G, A AR IR AR
IEFRT. AN, AEYITR IR A R Rk A
G IR Ty - S

AHIEFE Hp OB A ST A A 2 SR B I DY
5 51k (Sesuvium portulacastrum) 7577 IK, BA
EPBEEER, Il BERE G LRAER
MALNE GIRZAEFEMINE, WETZ2ERZK
MISEARZE B K IR R G . M AL G IR B
IR R G S A — o R b B T R A N

BENE : | ARARHRITUE (2015B020235006); [ B R HFEE A 25 AT EMIFE 150(201305021); - 2011/20124F 1 943 Jlifgdak
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SR 2 AR BT I E K v R
FERIEH HEHZ 2 A EENSENHE,
i JIL PR B SR 23 RV R UL T R B £ 2K
AL PAD ity JB 10 A S 6 30 ik i s A o A (] 6
F L 3 A K it o G e S SOULIA A — i
BIR LY R LR R 7 TR A 2 S L R
U By P 2B A5 TR R SR FH K 7 fd 22 4 R i o
R

I E S RS RES

1.1 SEIGHF b Fnpt )

AR S8 SR FE AT T AR AR B VLT S 5 Ak
M, B AEECA SN R M, DR SR
W% (6.67 hm)VE Ry S50 I, B —FR A R 1
XIS o S0 I A0 X IR SE 2 7E 201548 5 4y £
FRAE RN, BLEHE B EE B (Sparus latus). JE X B AE
i1 (Oreochromis niloticus) . §(Mugil cephalus). it
L4 W5 (Crassostrea rivularis). Jetl(Tegillarca
granosa). T20164F1H 16 H REM M, FA- 1y
AR O , f A DL SEBENL R 301>,
R AR AR DR AF T oK bl Il 2 S 5, e
BWILAFHEIR, 1E-20 °C TR HRIRAT -

SR A 3 1 W A 21 B 6 i 224K 16~18 om,
TR E45.5~48.0 g; JE B B R 142K 25.5~27.0 cm,
KT 5:395~425 g; fiff 2 421.5~23.0 cm, A FTiHE
114~120 g; M7 K 33.6~34.0 mm, 525
27.8~27.9 mm, 5¢%523.5~24.0 mm, ffH 15.5~
16.5 g; LVLAEUG5E K 42.5~44.0 mm, 725
81.7~82.5 mm, H{RHSEEH6.3~6.5 go

12 KERTELRSENNE

SelERE SRR, SRR R RS N A B
fife ), oy eSS ERALPY . BRI, DL 2RAE S
Oy B ERER o RS TE . PRI BRI O
FCABEAE T, 2 hiE B TR Y2 4130 min,
s FHRSEFRE s BUS~10 ghE Sl AFREHL, N
R E 0.5 mg); ARJE R FR KT 35 A 80 °C
BEF R, 24 hfE B, 7E TR AR 2 2130 min,
N E;, EERE, HEMENRM T EE
Z/NTFREREMN0.5%" . T AT B 28K
R, 2ERE80~100H J& Jebii . FH i B & 55 25
PR3 1 (ICP-MS)YX & AN FE T Ni L. Cu. Zn,
Cd. P& E#EAT3M A o

1.3 &RAAmET

ERERRODH KA DWE: 105 °ClE
R TR KD . Tl b1 650 °Crm ik
Pevks MEANE: 2Ashdle A k; MR
I 2R Rk

JUL P 2R 6 ) Fie B8 [E A5 E(GB/T
5009.124-2003)I 5 22 FE R 4 Bl S 5 1 o WA B
WA T B A M EEHLINS0 g, £ ET AR
BE TG T, B HSLL-8800% 4 F 3h & 3t
P2 A3 AT A A T ARG

WU P g o B 64 ) 52 JIg Jo T2 ) 0 o 2 TR
GB/T 17377-2008W¥rfE . HERA AR 4 e B %
At G NLA S0 g, HEERE S T
LT, A8 S HEGC-2010 Plus A<URH (3% 4%, *
FH SigmaZ 7 $2 {1k (4 A o i 7 R 28 47 2 1 43 T DL
0 5 N T R ) 2E A, P R 1T AU — 1R vk
B L T 1 L o B AR X B A
1.4 M FEE

K e Hujo &8 JLM 7 kg 1ok
AR R NG G S R NG N 95 i R - e
W o K ZH 5823 K F i 35 [ AR 38 F20004F
Tl 52 W) B A5 G K & 032 (target hazard quotients,
THQ)H HE 7 4t R XU AT 4117

HQ:EFJH%FM~C
RFD - WAB - TA

L, EFR RS E 48 8 0 18 (day/
week); EDH NV HEAT04; FIRJ R HA
(160 g/day/person); CHytaiA LA & 4 J& e
(ng/g); RFDZEMEMBMAIKE LRXENS
(JECFA)E20034F & A7 A K48 2% & (ng/kg
body wt./day); WABJK AMKV K5 5 64 kg;
TARAEBUEPE R atE . Wik, AR
Wi HO = s x2S

B BR A= B Ty BT HWH#EFAO/WHO
19734F FE I 1Y 24 W 1T 43 b HE A X 40 2 2R 1
) IR, E LRI ST (44S) . L2 TE5r
(CS)HAL T IR A8 K (EAAD 73 3 40k 1922 X
RAFM

CS = B E AR P HRAF R &
MEE A B L R RER S R

_ o AR HiE R iR
EAAI = ﬁﬁﬁi x100x gg@@‘; ... x100x Hﬁ@;xloo
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BHEIRE E(mg/gN) =

b AR 2 B (B
TR a e a ) < 025 X 1000

K, n AR ERERRE, ahLREARNR
FMR(mg/gN), b AW HEE M M HE LR
(mg/gN),

Jig i B DT p = 225 D\ 22 AN 1 0 g 7 R 19 L 491
JDHA . EPAZE (1) H M5 %5 J5 T K 43 B o

1.5 HIEHH

it A B ok e 1T 80 0F SPSS 19.01E47 73 Hr
LI\IEO
2 HiR50H

21 BEMNXFCHNEERENSE

Ni. Zn., CAFIPb7E B & i A [7] 20 21 i 5
wE R SESIESHLA; Cufd & &k .

PIE>BE> LA . Nife JB 2 B R AR R 440 1y
ARt ; Cu. ZnfICAFEJE & ¥k fa A Rl 41 41
o B E AR . ESEESILE s PoRY A
i T Ry 88> JE>LA . Nio Cu. ZnFl
CA7E i AN R 4L 2L i K/ B> B> L
K5 PoIY & i R/ R B> E> LA (R 1)

PP SR FE B S OK = i T AR S
AR () Eon s LR IEEEE LA b
Cu. CAFIPb & o & 1% T X) a3 (P<0.05), P4l
FES P Zo NG B R 22 R, T S0 A
WA NG X BESE e B 2 HE LA H CuMIPD
B TS I (P<0.05), Cdf ] i
I% F L5 3 (P<0.05), PHALRE & P R K N
S 3 L DA Y Cu il Cd & 1 0 25K T o TR 3
(P<0.05), Zn7 i) i 25 T X BIE(P<0.05), 5
5 IR A A5 UL PR AR T N S 6 R IR T 6

£1 —HATRARTELRSE

Tab.1 Concentrations of five heavy metals in different tissues of fishes

4 B 5 i /(mg/kgi TE)  concentrations of heavy metals

HES KAF 2 L
species sampling site organs Cu 7n cd Pb
WHEN S, latus SCHGYE  testingpond UL muscle ND 0.302+£0.077°  4.915+0.329°  0.022+0.009"  0.015£0.021°
W gills 0.071£0.010  0.385+0.023°  31.055+1.207° 0.034+0.002°  0.065+0.005"

WHE  viscera 0.030+0.005

XPEJE  control pond LA muscle 0.183+0.014

i gills

WAE  viscera 0.185+0.080

JeW W HEF O, niloticus SZHYE  testing pond YL muscle ND
i gills ND
W viscera ND

XHHEYE  control pond JJLA  muscle ND

0.216+0.021

0.780+0.318"  16.046+0.771° 0.030+0.002"  0.051+0.013"

0.901+0.065"  4.508+0.143°  0.091+0.048  0.041+0.017°
1.022+0.037°  33.471£1.760" 0.129+0.025  0.399+0.045°
2.604+0.146°  29.180+£5.617° 0.095£0.005  0.269+0.022°
0.181+£0.006°  4.249+0.294°  0.043+0.006°  0.014+0.015°

0.458+0.107°  10.682+0.594° 0.094+0.044™  0.093+0.006"

18.453+4.112"  16.206+0.663" 0.134+0.018"  0.049+0.025"

0.414+0.099°  4.321+0.381°  0.023+£0.018"  0.117+0.003°

il gills ND 0.622+0.123"  11.997+0.477° 0.082+0.005"  0.976+0.119"

W viscera 0.606+0.041 72.536+5.031" 23.052+£2.635" 0.756+0.073"  2.021+0.070"

fil§ M. cephalus SGYE  testingpond UL muscle ND 0.199+0.002°  2.656+0.068"  0.016+0.001°  0.036+0.028"
il gills 0.555+0.016 1.207+0.024°  3.053+0.209®  0.072+0.033"  0.189+0.008"

WIE  viscera ND 2.342+0.711°  3.380+0.304°  0.231+0.051°  0.042+0.030"

XIEYE  control pond LK muscle 0.310+0.028°  2.019£0.060°  2.235£0.027°  0.040+0.005°  0.020+0.005°

il gills 0.671£0.044"  3.201£1.010°  13.589+1.348° 0.227+0.002°  0.431+0.033"

W viscera 0.72440.064°  84.503+3.099° 32.297+5.238° 0.969+0.274°  0.22240.082°

W NDFRIRAKIH ;. FREAFR R % 7 8% (P<0.05). T

Notes: ND means negative; values with different small letter superscripts mean significant differences (P<0.05). The same below
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Tab.2 Concentrations of five heavy metals in edible part from different samples

48 & #/(mg/kglit )  concentrations of heavy metals

Tk PR
species sampling site Ni Cu 7n cd Pb
HEGH S, latus SHGHE  testing pond ND 0.302+0.077°  4.915+0.329 0.022+£0.009°  0.015+0.021°
X IEYE  control pond 0.1830.01 0.901+0.065°  4.508+0.143 0.091+0.048"  0.041+0.017"
BB B A O. niloticus 23 testing pond ND 0.181+0.006"  4.249+0.294 0.043+0.006°  0.014+0.015
X IEYE  control pond ND 0.414+0.099°  4.321+0.381 0.023£0.018"  0.117£0.003"
fif§ M. cephalus SEEGHE  testing pond ND 0.199+0.002°  2.65620.068° 0.016+0.001°  0.036+0.028
XIHEYE  control pond 0.310+0.02 2.019£0.060°  2.235+0.027°  0.040+0.005°  0.020+0.005
et T granosa SEEGHE  testing pond 0.041+0.03 0.615+0.018" 9.525+0.080°  0.653+0.034°  0.085+0.007
X IEYE  control pond ND 0.839+0.093°  11.179+0.377°  1.23120.027°  0.093+0.006
YT C rivalaris SEEHE  testing pond 0.163+0.00° 2.089+£0.442°  9.652+0.232°  0.115£0.014°  0.042+0.003"
XFIEYE  control pond 0.260+0.00° 57.113£1.904°  65.559£2.314°  1.163+0.008*  0.246+0.013*
% fish - - 507 - 0.1"2 0.5"2
J12%  shellfish - - 50° - 1.0° 1.0°

H: 1.GB 2762-2012 (b5 R BREFRAE) 5 2. NY 5073-2006 (Fo2 560 /K = S A7 247 F 400 5 PR AR vEE )
Notes: Superscript number 1 is GB 2762-2005; superscript number 2 is NY 5073-2006

BRI SUTCu . ZaRICA# it Hy i 36 T 0 R
X BRIEIE T T €510 3 o S 7 4 40 4 B
56 TR

4 B R MEK  T €  53 60T 4
5 o 4 R R BB B 7T )
Xt 3 8 R A VA W AT R S Cu il Cd R 8 it
el M B i R R
22 ZHERNHHRARSEITFN

PR — B 3~TUR A, S IG 3 o fig
] UL 1A T 4 4 (NABR S0 I FG B 3R HQI i [
3. Cu0.008~0.019, Zn 0.018~0.041, Cd
0.047~0.110, Pb 0.008~0.019; X e 3 i & fiff JL [A)
Hh STl 4 T 119 1 6 28 BCHQI I il 3 )&+ Ni0.01~
0.023, Cu 0.024~0.056, Zn 0.016~0.038, Cd
0.195~0.455, Pb 0.022~0.051, 2% JE % Bk fn
WL rh 4% 4 J& (NiBR ) Y FE B R BCHQIY i [ 43
AJE: Cu0.005~0.011, Zn 0.015~0.035, Cd
0.092~0.215, Pb 0.008~0.018; X} e g B % qF 1
WLIA Hh 4D 4 & 19 fa B R AHQI YL 73 )2 : Cu
0.011~0.026, Zn 0.015~0.036, Cd 0.049~0.115,
Pb 0.063~0.146, S5 A L A p 4Fh 42 &8 (NiBR A1)
1Y) e [ 2R BCHQMY Y Fil 43 & : Cu 0.005~0.010,
Zn 0.009~0.022, Cd 0.034~0.080, Pb 0.019~0.045;

X HE SR B AL P v S 2 T 19 B B R B HQI Y L 2>
B Ni0.017~0.039, Cu0.054~0.126, Zn 0.008~
0.019, Cd 0.086~0.200, Pb0.011~0.025(%3).

23 &R

ST R R AR K Ay FORLAR 1 Y
e T R, ORELIR D i IS T X R 3 (P<0.05)
(F4).

Xt R o A 2K ol 3 [v) — o e L P v e SR TR 4
BN B AT A A BT TN (25) S G 3 rp B
£ B L PR A ff Ik R R 1 o RN 5 A (R R Y L
8 5.3 & T X B IE(P<0.05), L e % %4k
LA P E R S TAA . T B IR A EAA
BER G RERR & B DAAYY 275 T BRI (P<0.05)

S G 3 Hp w6 A e B B AR M LN b TR
AL EAAI = TXTIEIE . A LAAAS AR,
5 B — PR A S R TR 1 Sy (HP L TR + b
M), AR X b 3 o g O UL DA 5 R o 3
g ¥4 M AR R, e B AR LA A R
SRR NI AR .. A LLCSHFRME, VUL —
B i 1 2 1 349 A (PP ot 2 PR + e 1R ) . 38 L FR
il P G R ) R A R (2 6) o

X HE 3 v 6 6 A0 e B B AR UL A
FRR R 2 i 2 2 = T 5L (P<0.05), HUR
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Tab.3 Estimation of human health risk on muscles from three species of fish
BEd TREM ST Adiw) fl% 240 hazard quotient
sample sampling site level of exposure Ni Cu 7n cd Pb
WG S, latus SEGYE  testing pond 3 0 0.008 0.018 0.047 0.008
5 0 0.013 0.029 0.079 0.013
7 0 0.019 0.041 0.110 0.019
XF W control pond 3 0.010 0.024 0.016 0.195 0.022
5 0.016 0.040 0.027 0.325 0.037
7 0.023 0.056 0.038 0.455 0.051
JeB B At O. niloticus  SEHHE  testing pond 3 0 0.005 0.015 0.092 0.008
5 0 0.008 0.025 0.154 0.013
7 0 0.011 0.035 0.215 0.018
X3 control pond 3 0 0.011 0.015 0.049 0.063
5 0 0.018 0.026 0.082 0.104
7 0 0.026 0.036 0.115 0.146
fif§ M. cephalus SZIGHE  testing pond 3 0 0.005 0.009 0.034 0.019
5 0 0.009 0.016 0.057 0.032
7 0 0.01 0.022 0.080 0.045
XFHE  control pond 3 0.017 0.054 0.008 0.086 0.011
5 0.028 0.090 0.013 0.143 0.018
7 0.039 0.126 0.019 0.200 0.025
FAO/WHO' 30 100 1 2
MFR’ 30 100 1 2

W S4B ICHMRFDA B Ni=20, Cu=40, Zn=300, Cd=0.5, Pb=2 pg/kg body wt./day; HQ (Hazard Quotient)R[1f& [ R %: 1. BE4r FEH
ARATLURIIE T T AE AL U I B R ARt s 2. TSk VG S A0 15 24 W2 I AH S h
Notes: RFDs of five metallic elements are as follows: Ni= 20, Cu= 40, Zn=300, Cd=0.5, Pb=2 pg/kg body wt./day; HQ is Hazard Quotient; 1. Standards
on HQ issued by Food and Agriculture Orgamization of the United Nations (FAO) and World Health Organization (WHO) in 1989; 2. Standards in
Malaysian Law on Food and Drugs (MSR)

T4 MHEINA-REFTRS

Tab.4  Nutritional components of 2 species of fish %
b PR K Koy iikig=| FELIN DT
sample location moisture ash crude protein crude fat
JeB Bt O. niloticus Y YE  testing pond 78.237+0.096 1.344+0.006° 18.963+0.179" 0.890+0.014°
SHEYE  control pond 78.223+0.205 1.18120.08" 18.538+0.082" 1.347+0.049°
WHUESR S, latus S HE  testing pond 78.520+0.609 1.508+0.011° 19.921+0.171° 1.295+0.051°
X #EYE  control pond 79.030+0.095 1.461£0.013" 18.330+0.272° 1.602+0.035"

TRLRIAG 17 R 5 0 S E M 22 R (R 7). SRS
bt A LAY A 22 AN 1R RN D R S R T
xRS, Hrb S I B SR LY R | -1

http://www.scxuebao.cn
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%5 BREBAESSEalATEERARRE S

Tab.S  Composition and contents of amino acids %
S WHE S, latus e Wk O. niloticus
amino acids SEEGHE testing pond X control pond SZIGHE  testing pond Xt IE  control pond
KA Asp** 2.03+0.11 1.99£0.08 1.99+0.11 1.86+0.11
JER  Thr* 0.88+0.01 0.86=0.03 0.92+0.03° 0.80+0.01°
5% Ser 0.76+0.05 0.75+0.04 0.77+0.04 0.7120.05
B Glu* 3.0240.04 3.01£0.01 3.09+0.03 3.03+0.04
%’ Pro 0.82+0.02° 0.78+0.01° 0.96+0.03" 0.74+0.02°
HZAR Gly** 0.87+0.10 0.82+0.09 1.36+0.15° 0.99+0.04°
W Ala** 1.21£0.20 1.18+0.03 1.39+0.03" 1.24+0.02°
AR Val* 1.04£0.03° 0.98+0.02° 1.24+0.11° 1.000.04°
AR Met* 0.56+0.07 0.58+0.03 0.54+0.01° 0.47+0.02°
e R Ile* 0.92+0.06 0.93+0.02 0.90+0.09 0.85+0.06
SR Leu* 1.68+0.06 1.60£0.12 1.620.03" 1.53+0.02"
MeE R Tyr 0.7420.06 0.72+0.07 0.68+0.03 0.65+0.02
HKINEER  Phe* 0.89+0.06 0.84+0.05 0.95+0.04° 0.81+0.06"
Wi Lye* 1.92+0.01 1.84+0.05 1.830.03 1.81+0.03
4% His 0.42+0.03 0.41+0.03 0.53+0.03 0.45+0.05
FEIR  Arg** 1.04+0.07 0.97+0.06 1.08+0.04° 0.94+0.03"
IR N A TAA 18.8+0.62 18.27+0.34 19.85+0.11° 17.88+0.49°
UHALREE EAA 7.89+0.30 7.63£0.26 8.00+0.05° 7.27£0.16
FEBFEAIRAE NEAA 10.7120.64 10.64+0.08 11.85+0.13" 10.61+0.34°
BERRSUILIR S DAA 8.91+0.12° 7.97+0.09° 8.91+0.14* 8.06:0.20°
EAA/TAA/% 41.96:0.21 41.75+0.65 40.69+0.36 40.67+0.33
EAA/NEAA/% 73.73+1.61 71.70£1.91 67.52+1.02 68.57+0.94
DAA/TAA/% 47.39+0.52° 43.62+0.67° 44.88+0.48 45.07+0.19

T MRRDHEHRER; RN IR

Notes: values with * mean essential amino acid; values with ** mean umami amino acid

3 g

3 AMEXFELENKTRESREESE
B5

i1 2R DL 2 A P B 4 e Y A ok R AR 2
Cu, Zn>Pb. Cd. Ni, XZRFNENAAULTIT
AW Cu. ZnlbAEAMmATRICEPb, Cd. Nitiy)
T A=Y ESW . A 5T 3R £ A S5 Y IE
XHE RN E LRI E &S TIRMA, X2
Ky o fA N £ g i AR B Re . AR KT8
HHER, BRI AMERNKEEREREE

IR, KRB A L SR B DL T
Ve A, UG BRIE . B . SRS R R 2R
HEEBILILAKZY, BT INREEEEAY,
FCAG A0, 7E K U8 B & W) Ok 2 A v
B B R T AL T AR A N R R B TS e,
U125 ] 63 FH B 20 3 4 i A R He At AR LA R A
S E R e B % At LA Cd B R A L A
T Zn & 3 T SR (P<0.05)4h, HiAth 4R
S EAR T R s R, WIS
JEOK 7= A B i AR R T X R A
S YE A K AT B S A v S R 4 )
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*6 FMRATAKAAAAS, CSREAAIMLLE
Tab. 6 Comparative analysis of AAS, CS and EAAI in muscles of fish from two different cultured modes

e FAO/WHOW A B bl i (mefe) 192 (1 (mg/) AHE score
amino acids FAO/WHO evaluation mode standard egg protein standard H, H, L, Lo
AAS Thr 250 1.024 1.024 0.976%*  0.920%*
Val 310 0.977**  0.942**  0.981 0.926
Tle 250 1.072 1.108 1.188 1.148
Leu 440 1.111 1.084 1.025 0.998
Lys 340 1.644 1.612 1.547 1.526
Met+Cys 220 0.741* 0.786* 0.705* 0.614*
Phe+Tyr 380 1.247 1.224 1.413 1.295
CS Thr 292 0.877 0.877 0.836 0.788
Val 411 0.737**  0.710**  0.740%*  0.698**
Tle 331 0.810 0.837 0.897 0.867
Leu 534 0.916 0.893 0.845 0.822
Lys 441 1.267 1.242 1.193 1.176
Met+Cys 386 0.422%* 0.448* 0.401* 0.349*
Phe+Tyr 565 0.839 0.823 0.950 0.871
paAl L RILRIR 7444 7380 7424 69.42

essential amino acids index

Ve *NSE— IRRIPE IR, ** o 58 IR 2R H AT 20 0 7R SR AR SO P S g s Ly ML 23 ) 2R SR SR ol o Je 2 32

. FERRF

Notes: Values with * mean first restrictive amino acid, values with ** mean second restrictive amino acid; H; is S. latus in testing pond, Hy is S. latus in
the control pond; L, is O. niloticus in testing pond, L, is O. niloticus in the control pond, the same below

B A B R R E AR e A B VO A E T
#B43H CufICARY & & 43 5 4 57.113 mg/kg wet wt.
F11.163 mg/kg wet wt., # T ERXREIRE, 6
W EAARER H Cd % 1k 31 1.231 mg/kg wet wt., i
it BR R U

PAK ™ B S RN E SRR T
WIERX B EEH . AREY, Y
P X CARITH g AT AR 58 110 W2 B 4 P A 32 PR 7190
JAE R AE IR I U5 % B 4 PO AN Zn 1) i [N 3%
BT i 5 U5 X 4 JEm PO A Zn AT — 8 T A7 1
H2 0 DY 2 HXPb. Zn, CuMINIA 1R & 1Y 1k
BRI A i i — 2D ST

S YE RN REHE R EE A L R B B R AR
i LA A f B RBHQY/NT 1, ANETEE %4
P, mTRABL B .

32 MWMIERAFEMIEN K~ RAIERR

S0 I g G A 2 2 B AR A UL BRL A A
R T s, TORLAR U B R T
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PRAAIR SR A5 4 4 E Y g T A A TR IR SR A8
02 R BB A G S50 B T T K A i A
X ] B A S 50 L PR e B T R A
JEA

R LA Hp Y B TR 5 A A A
B SR BRI B ) PR KUK B AE B A R BR
2% ¢H A A UL P SEAG I 2 16 R IR, f 4 S ff
W 22 L R RN 8D 0 75 B R . S 6 W v R £ 6
Je % B AL e ek S R R S 0 L PR B
i S0, SO0 I rp B B R A E B B IR s
7 2 B TR 1 BB A AT W] 38 R A0 i v T %) et i
K . B IEPRIE > AASFIAL 2F 1T 43 CS TR,
S5 G 7 £ JUL PR B 1 2 R 48 SR (R R
i+ R M A E IR o 76 LS IR e, a]
T AT B v AR BR A 2 R 1 B AR F £ AR
Ff A K

£ Hn-3 2 A0 IS D5 R 55 5 & DHA R
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Tab.7 Composition and contents of fatty acids %
Jilsgilifics H, H, L L,
fatty acids

YL IR s PR

SFA

H kg <0.05 <0.05 1.09+0.01 <0.05
C12:0

W IR 1.40£0.04" 1.89+0.13" 3.40+0.10" 2.30+0.09"
C14:0

+ KR 0.2240.05° 0.80+0.03* 0.39+0.02 0.40+0.02
C15:0

ke 22.48+0.50 22.61+0.74 27.63+1.06 27.30+1.34
C16:0

+ g 0.2940.02° 1.20+£0.13* 0.41+0.05" 0.69+0.07°
C17:0

il IR TR 7.21£0.04° 8.48+0.12° 6.99+0.23° 10.09+0.13"
C18:0

Wk 0.31£0.07 0.39+0.05 0.22+0.08 0.31=0.08
C20:0

R 0.21£0.09° 3.20£0.30" 0.10+£0.02° 0.49+0.01°
€22:0

TSR <0.05 0.5240.03  <0.05 <0.05
C23:0

PR 1.4140.02° 2.98+0.22° 1.31£0.03 4.52+0.18
C24:0

Y SFA 33.50+0.59°41.91+0.06" 41.52+0.78°46.09+1.37"
BN R T PR

MUFA

BRI, <0.05 <0.05 <0.05 0.10
Cl14:1n5

FRA R 3.41£0.07° 2.09+0.02° 2.22+0.01° 4.92+0.08"
Cl16:1n7

I 15.880.23" 17.30£0.26" 23.00£0.12° 18.61£0.05"
C18:1n9¢

R 0.59+0.04 0.60+0.02 <0.05 1.39+0.01
C20:1

T 0.20£0.01  0.20+0.03  0.29+0.02" 0.10+001°
C22:1n9

ZA TR AR 0.70£0.04 0.710.02 0.21+0.01* 0.09+0.02°
C24:1n9

SMUFA 20.81+0.37 20.88+0.22 25.70+0.14 25.16+0.02
BNVl i

PUFA

IR 16.180.09" 15.07+0.18"9.03+0.11° 9.60+0.05"
C18:2n6¢
v- TR 0.7240.04" 0.50+0.03" 1.10£0.05" 0.59+0.08"
C18:3n6

o- VBRI 1.44+0.04° 1.68+0.07" 4.62+001° 2.50+0.03"
C18:3n3

R AR 0.60+0.12  0.60+0.04 (.77+0.03" 0.98+0.04"
C20:2

B O /3 0.73£0.04" 0.99+0.11* 1.30+0.05" 0.91+0.04°
C20:3n6

prAa s Ity 6.18£0.09" 4.07+0.04° 8.72+0.04" 5.01%0.12°
ARA C20:4n6

B b 0.10 0.10 1.10£0.08" 0.30+0.05"
C20:3n3

R TR 5.11£0.28" 1.78+0.17° 2.40+0.12" 0.3120.04°
EPA C20:5n3

T TSR G 11.8240.15° 8.40+0.08° 14.08+0.12°3.17+0.16°
DHA C22:6n3

B Y /- Jay 1.7 <0.05 0.10 <0.05 0.10
C22:2n6

>PUFA 42.82+0.21*33.300.18"43.14+0.19* 23.43+0.30

EPA, XA AN IIRUE RS . o0 0555 05 TR
Mgt H T B, X B4l LA ) A HT T BE 1Y
R LA BUAE I, S6 35 vh m R A LA
SRR IR B i B 35w TR, P DHA
FIEPAZK AL 5 3 i 1 X B W

P B 25 0 iR . AR KRB L
IR R RLRE . APRRSERZHEEE R, H
Hh A R B AR 3R 4% 1 2 5 e £8 A L PR B 1Y
HMER P, AR5 S50 5 AU RE IR A (W] i) 57 5E
B A R AR . LI I A e
VIIFIR, JE R —Fh s 7 ST AR A 4B 5 1 SRR AR
Az ARV PR 3% 5 15 G K AR 1 18 5 AR B AE 7K
Frek s b, SARBLZE T IR E SRR IR S R 4
TEFR 5T . AR YR DR 22 45 0] 35 9 B 5 1 el 362 AT £
HEVEWES YD . A B W) A KRR = T
1ML & B Pp 2 l  FR A i 2R = A
TR B R W RS A — MR Y. IR B 2K
EBRBEEYEER AT, EYRIEA . G
S SRR AR ) A Dy T A AR,
T Bh ) 2 0F 22 G BE K = sh i i k), R
o AR Ak v] DL R i A 2R IR FE K 7R SR
HEBRG T, TRWEEEIEAAL AT LA RiE R,
[[IREIS - TN 1 R e N R S
RENFECHZEMIEM . S5 IE R 41K B & 1
o 3= 6 38 L) UF Ui sl 0 TR U e S TR X A
B Fn Je % X Ak A rg LA & BT AR

ST 2, SO I K S 2 A b
X YE, H BB B A o R 5 LA
FEAR T X R R, W AR SRR RGN
IR TR T = SR S B P S o L E 5
T R il L R R A DL B B L ) % A A TR IR
(R H AR AR AL 5538 75 i — 2B 4R 5T
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Effects of ecological floating bed on content of heavy metals and
nutritional quality in aquatic products

ZHAI Zhe, FENG Jianxiang, GAO Shanshan, CHEN Jingfang, HUANG Jianrong, LI Zufu”
(School of Life Science, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: To study the effects of ecological floating beds on the quality of aquatic products, three species of fish
(Sparu latus, Oreochromis niloticus and Mugil cephalus) and two species of mollusk (Crassostrea rivularis and
Tegillarca granosa) were collected from the polyculture pond with floating bed and traditional monoculture ponds.
Concentrations of heavy metals including Ni, Cu, Zn, Cd and Pb were measured in muscles, gills and viscera of
fish and in the edible part of mollusk for health risk assessment. Nutritional quality of S. latus and O. niloticus was
analyzed in terms of their muscle nutrition, amino acids and fatty acids composition. The results showed that the
concentrations of five heavy metals of all products from the experimental pond conformed to the criteria values for
aquatic food in China. However, the concentrations of Cu (57.113 mg/kg wet wt) and Cd (1.163 mg/kg wet wt) in
C. rivularis and the concentration of Cd in 7. granosa from the control ponds were all beyond the criteria values.
According to the Hazard Quotient, there will be no potential risks resulting from ingestion of fish from two kinds
of ponds. Content of umami amino acid of S. latus from the experimental pond was significantly higher than that
of the control pond. O. niloticus from the experimental pond had notably higher contents of TAA, EAA and DAA
than those from control pond. Contents of polyunsaturated fatty acids of S. latus and O. niloticus from the testing
pond were all higher than those in the control ponds, while opposite results were observed for the contents of
saturated fatty acids. Generally, polyculture mode with in-situ ecological floating beds system demonstrated
superiorities to the traditional monoculture mode according to the health risk assessment and nutritional quality of

aquatic products.
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