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(FEMEERY RUHA=HWER SR ERLBRENEKFEAFTHRERLEE, LR H5 266003)

B E: s TR B R A X RSE R4 B A A KRR TR
A BRAEALFE AR TR ALEEE 71 THACEERE ) I AR R Vi, & 82 JULPY
I REE P i 4 5 B 2 JFFJIEE 7 7 1 2L 2R 465 44 14 582 i A A S A il 7E K
R At BT TERRR R P B IS AL R RR ECH] 4 A RA
AFIFALH 5 5 (0.8.40 1% 80 mg/kg, NiH4f/KE ) K945 R AFRERY L

SR, BAMARAE S 6 NER B ERIRH 30 BASES; RELE
HEI10 JH . SKEEIRERN AR R I E AR A RS R B
(P >0.05) fEFEREH 80 mg/kg Y RALH: BE PR T REZHFI P E
AR R ZORIRE R R TR (P <0.05) s 6P Rl i 5
L5 (40 71 80 mg/kg) BFEFEAR T AZE6 0T AALE R A AR
Tk B R 7 LA S K32 6F 15 S oy g AR 2 3 B ) (P < 0..05) 5 K38
B W & B IS AT Vi, & 8 FFREAILIA AP 5 i 5% B B 3 B 1)
KRS A I RGN .2 1R (P <0. 05) 5 4Dk P B8 S8 AL 3t X K32
B BB L RSB 7 A B R R W (BB R S 40 1 80 me/kg BY
FACHEE T T ATAEATINSE o BTSUEE REBH  LBAAT , A RZE Y

MRTA: AU E IR
AR RS BB ) 187 A
T 2 2 PEVE AT, Bt X SRR
BNR S BERY AR R L AR
1 HLIR BT A AL K LB S
7 HEHRE ARG
W s T BN R
5, VRO T 1D AR S i SRAL
FR 2 e BREE, O R A BT
REEOHH Y ILRE Fr B A
R 2 Y o DB B B
RAEEKE,

REW: KEH; A
T2

HESERS: S963.1

TR PR INEL 8 mg/kg BLAH]
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f& (HCY) & B IR AL R4 H & &
TR RN PTE AL A B A, T
U A 1 e BE e v, HL U O B L B L
Py AR T LA 2 3 R A AR ) R A
FEEE IR Ve o XT7K= S BB TSR B AR &
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B, KZZEHF (Scophthalmus maximus L. ) , {1 FH
AR P I 5 T 2 R L P A 3%, H R E AL
I E AT AK SR B ST Z — , A BF ST U LA
REE6F g S 06 % 52 PF-Hr S8 AL B 72 1 K ) k) e
L2, RAI R RS Y TR B
FRGEEFRT AR R F IR R S 2%, K32
P 4 R SR SR SRR .

U RPR

1.1 ZHigit5EARERYT

ARG T SRR A M € Ak A Ak S A )
KPR ST 32 A RIS B ) GRAT ) AT
HRISHE . ARYE TACON Al SILVA '™ Xtk i 37
5 R AT X R R AR R R & 3 38 AR
B VIR S BATITSE, B E T AL A 2%

FIBHARINEN 8 mg/kg, HRIE B IME R E
T 225 B A (FALEE 7 &2 43 5 2 40 F
80 mg/kg) .

Lok (RS RE) 8 i 78 FE A DR P
A [F) 5 2 ) AL BE R (W B )14 LR & 2
TRERRA A, A 7= # 5 0 130305, 4T R 1 &
BN 1% ) REH (£ 1, THRER) , & LKA
B E LA (& 45 FoK) B9 52 Bk A 43 5
4 <0.02.10.2.35.7 F172.8 mg/kg,

B ARDRERT , R 2k R AL 1 ) 423
1 80 Hifi. JFRHEZR 1 KK IREYWS, &5
A KY) 30% K7 KE AER, T F(CIL)-
26 BT HE AL (HEREHE TR, TN Ho kit
FERUARAR A2 55 CAEIR T T4 8 h, k#e, & -20
CIKFERAE o

®1 EiAREH RS

Tab.1 Formulation and proximate composition of the basal diet %
" AAbsE T nE/ (mg/kg)

ikt 0 8 40 80
£k 55 55 55 55
9H 6 6 6 6
FAREH 6 6 6 6
WL o 3 3 3 3
Tk 22.55 22.51 22.37 22.19
3 2 2 2 2
SRY: 2 2 2 2
PN L 1 1 1 1
SALIERR (50% ) 0.2 0.2 0.2 0.2
B A 0.5 0.5 0.5 0.5
PR 0.1 0.1 0.1 0.1
Z A Bk ik 0.05 0.05 0.05 0.05
=1 At 7 0.1 0.1 0.1 0.1
TRk 1.5 1.5 1.5 1.5
FUALAEIRF (1% )/ (mg/kg) 0 360 1 800 3 600
it 100 100 100 100
BG4 HT
T &= 96.19 96.47 96.27 96.05
HEE 52.50 52.09 52.49 52.60
HLIR W 9.42 9.31 9.53 9.58
Vi Zix 12.36 12.57 11.09 11.21
Sksh e/ (mg/kg) <0.02 10.2 35.7 72.8

E AR WTFES LI EYREARAR (F5) , HAHEH 73% IR 10% ; 44 RHURE (mg/kg F%}) .V, 32,Vy, 25,V 45,
Ve 20, Vi, 10, 4HERME 200, LR 800,77 BR4S 60, 44525 (V) 60,220 , V240,V 10,V 5,V BERRES 2 000, H4E4L 7 3, i aF 4
% 6 470; 1 Y R BURHR (mg/kg 1Rl . BREREE (MgSO, « H,0) 1 200, iR 2 (FeSO, + H,0)80, B4k (ZnSO, « H,0) 50, iR 4%
(MnSO, - H,0)45, RS ( Ca(105), 10% ) 60, ¥ fifi B 44 ( Na,SeO; ) 20, FL/KBRER 4 ( CuSO, + 5H,0) 10, 3 £ 43 3 485 ; A AL &l 5]

(1% ). 6 B U148 AR &) B AR RO Al A 74tk 52 130305, 4 & AR fE A 1% , SEIIME R 1.05% o
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1.2 ZWHMRAFEE

S % F K S5 6F ( Scophthalmus maximus L. ) %)
O YENTIEE KR —H B, T 1L RSN
REEOFFRIEY . SEHHT, 4 F X B2 IRk ] 5%
2 FLLE R SRR . IE IR FH 5L 36 FF IR A A 52
WA 24 h, WHEXNGS W HEER
(10.00 0. 08 ) g fAA% f@t: it 4, BEL 43 e T
24 FEFEAR A (300 L,4 ANSEIAbFRA , B4 6 4
HE), B30 B, BREWEERBRMIK
(8:00,17:00)  #IREEH G 30 min, I Hi F 1H A0
M, SLHHLFEAT 10 A, FRFE#A R K IR 16 ~ 20
C, 558 >7.0 mg/L,EhEF 24 ~26, REZ A NH, * -
N< 0.3 mg/L,pH7 ~8,
1.3 RmisE

FREE IR T 4R Z B, BEALET X 20 BB SE 5 A
T -20 CHRAFF T 46 f ik B4 A . 45
FELWMEERE AR 24 h GHREBMAKE,IC
s REH. BRI 4 Bf-20 CRAEMATA
EEIBS 8. NEBTEZHHEILIER 9 B
KEEHF, FRFIKEUNL, MK E T 2 mL 308
rh SR Vo AR 2 G2 1, By Ak it 40 B ER AL AR
rm s, ER T HE | h P HEEEE, &4 CiK
F4h, T4 CEMHT 3500 r/min B.L> 10 min, i
ERIMYE o W b aRHhad i iy BENLE R 3 B, B
[ B AT , S BR B , R B T OKIB T
NEW  IEAR T K53, A B LEF TR 6 B
BRUFFRE , BB L b, LA b i A o 34 20
ABAH, -80 CUKFEH IR . WU Lk
(3 B)WMIALA 15 ~20 g: DAGE S R AT, AL Th
JG U, 235 Z 5 W E HEE R LA - HI R ok, R BR
JIR S VP A0 ) LA B ST P JEL Al £, AR 48
HAEFFT -20 CUkFE. BAIFEFREHLIR 3 B&aH
THUFRER A ERE G HIEH R f: B R A
0.5 cecmx0.5 em x0.5 em KX/NE 3 RIFAEH LR
F2y1 em £edy v g R IE LR B R
LB 0. 9% A B K WEfE , ABB IR

R o
1.4 $5tRET %
L4 1 ARIEHREIIE
IR )0 5% 3 K K J5 2% 1F A SE B £ S T
8

FRIEE G , 0 BN AR AR E I G5
RAKREE AR FEERREERE

Fro
1.4.2 RS HT

AR FRDRLE B4 43 BT ¥R AOAC 3%,
Hrp 7K 4 HlsE 105 CHETIEE YL (24 h) 6
EHEE LR E R L, R FHE FOSS A FH]
2300 RIZE F 5 B 34 Hr A 54t s KRR s B 5
F ECHIER 1 LK 43 1900 5 S A6 =X B BEL 550 °C
KB (16 h) .

1.4.3 JRARIEFR A L0 b7

BAEREYLER 3 BRI EAE AR OF
B3] mm) TR AEWE R, AR S ZE UK H A, BN i
R RE AR , 70 i B AR B AU B

€ K HRMEME L BEBRRNIK, B, &
I, AR, AR Y] iL(Leica RM 2016) Y J, 5
J& F HE Jefa i,

J% 18 44 2R % 43 ¥t 2 % BAEVERFJORD A
KROGDAH'"! | ESCAFFRE Z:!"! #1 BONALDO
28] gy | FH Nikon eclipse Ti-S B34 ( HA)
AR H i LT A A4, T 2 18 AH 56 S5 40 1
B, AEEAEEE MAESEMIZEE,
1.4.4 A3 A LTS AR I 2

ML A= AL F8 5 1 B 57 7600 4 B 344k 2
AR (75 5 R B 2= B TR BB ) o
1.4.5  PrEaALIEpRlE

IiL3E SOD . CAT il & >R FIAH 56 & %0 &% A il
SR (R B Y TREFRRT) .

1.4.6  JHALESE &

SOOI 7 1 B SRR VK AR R, R TR
BEBF KT HE 8. 4350 # 50 & Ul
B AAERL S 3 A I, 8 R R S SRR TR &
K AKBET 4 CEMHEF 6 000 r/min B .0 30
min, CEE BB AR S K32 6111 10 B R IR UL
BT 4 CUKFETIRTE,24 h RTIERTE ) .

43 SIS 7 VE A B | 1B VE R BB I s T B L B

BIVIEE . H & e SR B R RS ), AH SR T
Bk AR T RN & T (R @AY TR
W) o
1.4.7  IMIEFAFRES Ve, & 20 E

HER R 2 i, R TV 288 F K vh ik
T, T4 CT R, AEEMEMN9 AL
K(V/w) , mEBRSEIIKE T K, SRR
F 4 C4HF 6 000 r/min B> 30 min, IZE_EIE
VR, AR JH /K 70 B 20 0 XY VK B S A R B T
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T, FEAE 3 b /KO 8 2508 VR B 5 2 A LT
FFFREH Vi, & R YR F % K ZOBASe601 HifL
2R IGCHRIE AT (5 B K EE R E
BE) o

1.4.8 LA FIFRE &S 5R B &

Y WUP 0B RE T %2 R T4 0L (48 E CHRIST
Alpha 1 -4) R RTH 12 h, R )5 K& HEH
PEHLRY AR, B S AT AL 3RS , SR A B0 R ik
ORI L PR 0B A P 1 B B R (R AR ARDRE Tl

Hul, J63) o

1.5 HEAK
ARKERITEAR:
Sz =N,/N, x 100 (1)
Scr = (InW, —InW,,) /¢t x 100 (2)
Fop=(W,-Wy)/F (3)
F, =100 xF/[ (W, +W,)/2]/t (4)
ARt B AR
Cp=W/L’ (5)
Hy =W,/W %100 (6)
Vg =W,/W x100 (7)

:_DQEP:SR ﬂ‘]ﬁi(ﬁﬁ(% ) ;Sckjﬂq%%ﬁiﬁg(%/
d) s Fen JIRREER Fy BB R (% /d) 5Cp HHE
WEEE (g/em’ ) 5 Hy JHFAR L (%) 5 Vs J9 BEAK L
(%) 3N, J LR LR RBE No D9 S5 TT fh A
BREGW, NEKYIE(g) ; W, ABEKRE(g) ;

Wit ik (g) s W, WENFAEE (g); W, KK
W (g) ;L Jofalhkek (em); F HIERE () ;0
HEFRE(A) o
1.6 ¥iEGT

SEIBORE AT HME + ARUER (X + SE) 7%,
P B ] SPSS 16. 0 BK{FHEFT 24 T 7 22407
(ANOVA) , % ff] Duncan’ s ZE LK ZE R
BE, BEMK TR P <0.05,

2 R

2.1 ARPARAFENSAENXEZTFERE
E: A

5t B AR B, RDREHR S 8,40 1 80 mg/
kg B ELRS XS REE B A9 7716 R RRACR B A
FEAEBEFENE (P >0.05)  {EAAH A RN 80 mg/
kg FEMLES BB FRAR T RZE R E e R
RAFARF(P <0.05) o BEoh, K32 6F 1 LW &
FEZ LA R B B P Z S (P >0.05) , {HiF
BHRES N 80 mg/kg SAALH B FFEAR T RZEHF )
PR LA EE (P <0.05) , L3 2.

5t AR EL, R P AN 8 A1 40 me/kg &,
s BERR T ARER SR (P <0.05),1M 8
mg/ kg FIRRHE AL B PR T AR & &,
40 mg/kg FTRRHE LA B3 B T AR I &
#®(P<0.05),%&3,

F2 AMPRAEAFENSAHNTAESEKEREOMNE
Tab.2 Effects of different dietary doses of cobalt chloride on growth performance of turbot
e FALE N EL/ (mg/kg)

AR 0 8 40 80
HIER/ % 99.80 +0.74 98.83 +1.17 99.50 +0.50 97.83 +1.14
VG EYIATE g 9.97 £0.02 10.00 +0. 02 10.00 +0. 02 9.97 +0.01
LREBIRTE/ g 62.77 +0. 64* 62.93 +1.01* 61.24 +0.76® 59.23 +1.57°
et k%/ (%/d) 2.86 £0.01° 2.86 £0.02° 2.82+0.02° 2.74 £0.03"
rRE 1.32+0.02 1.35+0.02 1.32 +0.01 1.36 +0. 02
BAR/(%/d) 1.71 +0.02* 1.70 £0.04* 1.70 +0.01* 1.62 +0.03"
AR 5% B/ % 3.41 £0.09 3.43 £0.07 3.40 £0.04 3.29 +0.03
A& /% 1.03 £0.04* 1.03 £0.05* 1.00 +0.07% 0.86 +0.05"
Ak H % 5.13 £0.10* 5.13 £0.20* 5.04 +0.20% 4.61 +0.10°

1 : [ — 47 B AR AR B R R RN A B2 5, P >0.05;3% 3 -9 [,
x3 ARPRRAFENSAEHTAEETER DM
Tab.3 Effects of different dietary doses of cobalt chloride on body composition of turbot %
AR IR/ (mg/kg)

AL 0 8 40 80
KSR 86.60 +0.49% 86.28 +0.52% 86.16 +0.33" 87.53 +0.43*
R EETR 68.98 +0.59" 70.44 +0.53* 71.00 +0.31* 70.11 +£0.25%
R g A i 14.29 +0.37* 13.69 +0.54% 13.12 £0.17" 14.06 +0.17%
R i 17.23 £0.37* 16.28 +0.23" 16.78 £0.10% 16.53 £0.13%
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2.2 FARRAERFERSL X XEEMmEE
EANIEIRRI M

5% B AR EL, 4R A5 i 40 71 80 mg/kg
FALEH I E PR T I8 A B 2 A | M R Al
(P <0.05) ; Mi#& AL BEA A IMLE & B HH T B
FMETHR (P <0.05) , oA 1t 0 A= AL 96 B 7E 45 A
BRI EA BEEER(P>0.05) , K4,
2.3 AMPARAFNENSHEN XEEMNER
SRR

St R AL, SR PRI 80 mg/kg SRALH:
BEREAR T 1M i3 A A S EE (CAT) KF (P <

0.05) , i Ifi. 7 /8 48 16 Yy B AL (SOD ) 7K - 1E 4%
ALFRA [ A BEPEZESR (P >0.05) , WK S,
2.4 FARBPAEFENSALEN X EZEE L E
& IR

TRl ER AN 40 71 80 mg/kg S ALA B FAMK
TRZESF B RER EHE 71 (P <0.05) HEERF
T RZE SR RE AR WG J1 (P <0. 05) s Bkt A s i
40 mg/kg AL B 2F FEAR T 22 6FBREE B B
J1(P<0.05) ;TMi&4b ¥ 4H 6] 8 & HEHE 11 B IR
TS S 5% AT B 257 (P >0.05),
W6,

F4 AR RREF B S XK E M E 4R & IERE
Tab.4 Effects of different dietary doses of cobalt chloride on serum
physiological and biochemical parameters of turbot

. - FALHER IR (mg/kg)

AR A A bR 0 3 0 %0
MEH/ (L) 32.91 +0.74 35.71+1.55 35.43 £2.26 32.16 £1.67
HEH/(g/L) 6.12 £0.23 6.47 £0.29 6.09 £0.31 6.25£0.26
REH/(g/L) 26.79 +0.53 29.22 £1.32 27.62 £1.51 26.96 +1.34
BB/ AEE 0.23 +0.00 0.22 +0.01 0.22 +0.03 0.23 £0.03
MHLT 2/ (umol/L) 0.17 £0.03 0.21 £0.06 0.24 +0.06 0.20 £0.04
BN BE S A/ (U/L) 16.5+2.5 15.67 £2.09 15.6 +2.11 19.75 +3.99
B/ (U/L) 54.0 £1.15° 51.67 £10.17* 21.00 +1.00" 23.0 +2.00°
W BERRE (U/L) 18.5 +0.65° 18.0 +1.05° 13.5+1.26" 11.67 £1.45°
Hl =7/ (mmol/L) 1.75 £0. 11 1.94 +0.26* 1.44 +0.18% 1.32 +£0.08"
24 JIH [ 8%/ (mmol/L) 1.39 £0.08 1.73 £0.17 1.4920.17 1.35+0.11
E IS B/ (mmol/L) 1.63 +0.09 2.09 0. 18 1.860.13 1.78 £0.12
RZA/ (mmol/L) 3.93 £0.09 4.47+0.18 4.33 £0.15 4.28+0.35
JULEF/ ( wmol/L) 29.6 +1.87 32.17 £1.38 30.17 £1.82 28.67 £2.28
1fiL8%/ ( mmol/L) 0.63 +£0.04° 1.58 +0.08* 1.09 +0. 14" 0.99 +0.08"

RS AXMPAEFEHSAE AEEMFRELIEROIZE

Tab.5 Effects of different dietary doses of cobalt chloride on serum antioxidases of turbot U/mL
- SALHR IR/ (mg/kg)
R 0 8 40 80
1375 48 S Ak B AL B (SOD) 57.66 +1.41 53.52 +6.49 52.46 +3.65 49.79 +2.17
L5 3 AL R ( CAT) 5.23 £0.43* 4,12 £0.68% 4.91 £0.38% 3.22+0.73"

F6 HRPAREFEHSNEAETE L EE N
Tab.6 Effects of different dietary doses of cobalt chloride on digestive enzyme activity of turbot U/mg

NI FALE RN/ (mg/kg)

TH LR 0 g m %0
HIE M 0.14 +0.00* 0.12 +0.00% 0.11 £0.00" 0.07 £0. 00¢
T Ve Wy il 0.15 £0.01° 0.14 £0.01° 0.20 +0. 02" 0.23 +0.01°
HE 0.98 £0.04 0.86 +0.21 1.12+0.14 1.20 £0.17
JBERE I 911.72 +24.56* 915.28 +91.38* 606.49 +59.22° 845.68 +86.73*
T e Wit 9.92 +0.86" 15.03 £2.92* 10.59 +1.37% 9.65 +0.67"
S i 7.65 £0.96 5.34 +£0.76 7.51 £1.25 7.00 £2.24

http: //www. shhydxxb. com



540

E® B F K ¥ %R

23 %

2.5 FARHRAEFER S XA M iF
FERERR Vy, & ERIR

TR A IR B PR T AR Vi B
R (P <0.05), HERMEH K &L HAH

(8 ~80 mg/ke) M A BEMER(P>0.05),
Tk AN 80 mg/kg AL B RS T IMLIE H
Vi, M E&(P<0.05) , K7,

®7 ARPARFERSKUE KEFMFMAFED Ve, SBHIFIM
Tab.7 Effects of different dietary doses of cobalt chloride on vitamin B,, concentrations in serum and liver of turbot

FALE N EL/ (mg/kg)
HR Vi, &
AR Vo 0 8 40 80
FFHE Vo7 (mol/L) 1.80 +0.29" 2.50 £0.21* 3.56 +0.51* 3.55 +0.67*
I3 Viyp/ (nmol/L) 43.45 +2.18" 44.96 +2.50 51.02 +5.28" 67.50 +7.75°

2.6 AR E A SEX K = SEATREFN
AL R §4 5% B B R R0

B TR AR B B3, R 3 BT
REFLA o 8 AR B BB W T /e MR AR

g 40 mg/kg A1 80 mg/kg B, i JE b ) 5%
BRI R T XA (P <0.05) o LA B
RER B B HBAE 80 me/kg RALHHALHRA , H B3
s THA 3 M AEEZL (P <0.05) , LK 8,

*8 ANPAREFENSUANAZFHASKEEHTN
Tab.8 Effects of different dietary doses of cobalt chloride on cobalt residues in liver and muscle of turbot

mg/ kg
AR IR/ (mg/kg)
H 4
R e vy B i 0.79 +0.13* 0.90 +0.20* 1.58 £0.13" 3.33 0. 14¢
JLPA el i) 2 0.58 +0.01* 0.57 £0.01* 0.57 +0.01* 1.16 £0.02°

2.7 AR RAREFERSL XK =S AF R
I AR SRR

A RIACERZH R 28 88 fi B 3B TE 25 S5 4 T
HEFEZS S5 F R vb BT 25 G v Bl 20 Sl an e i T
BRI B 32 9 Fimo X giE e &St B4 it b
GER TR AR NN 8 me/ kg AL, KEEHF
WBHERE AT REMIZEE 5% RA

S BET R (P <0.05) . SxtBAME, &
InGEA A B 45 b A i i 3B S5 A B A BLEA
BIGEERE . RN 0.8 mg/kg FALH:
KL BRA 2 [ B K 3 B T RIE 2 S 454 B0 BT 2
HZE5e, (BRAH ANy 40 me/kg B, FFHE H
DU I 323 SE B G , EALSE BN 80 mg/kg Hif
JiF M 5% B A 3 58 (1 I AR R Sk BT dR ) o

x99 AMPFAEFENKUHET X EFRFHFERSITENZI
Tab.9 Effects of different dietary doses of cobalt chloride on midgut intestinal morphometry of turbot
. FAbsE TN E/ (mg/kg)
B 0 8 40 80
PG NZ IR HAR % 2.49 +0.12° 3.89 +0.18° 2.92+0.18" 2.87 £0.14°
il ERE BR % 24.37 +1.14° 31.17 £2.21* 32.55 £1.51* 28.31 £0.80%
of AR 40 %K E 37.12 +2.85 42.80 £4.28 44.20 +£2.89 41.27 £1.77
(HIHB BB TR/ ER) /%o 0.81 +0.02° 1.08 +0.07* 0.91 +0.06" 0.81 £0.04"

3 e
3.1 EARBARAFENSLETAETFERKN

R
TEASCH R IR O ~ 40 me/kg FY 5
BES REE T R A = A B E TR W, X 5
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FERR BB HRET WITED T+, LIN 42
TEXT B B AR R T ER NI P iR
BT LSS R, (ERAEA LI , R P s
80 mg/kg SALEL RN T KSE6F4 fa YR T i
KRR BRI AR, 75/ R 5
WFTF B , % S 1A] M 2 B K RE B PR AR/ U =
RPN AR I FERE MR AED,
X F B B B4t AT RE X S 6T ) B (R HLAE
FEAAN BN, BE RS X8 5% 9 5 i T R
MTTHARE KM BE . 53— 07 T, Wk & B 4
#8414 Pt 7E — B 3R 7 fa 2
Wk 7 (23. 4 meg/kg) 8 (1. 5%) ., B fa
(0.1% ) F1 % #4 (0. 20 mg/kg) 15 3 3
B e X A 285 A K R B I T RE
58 FRPE AR R B BE 2 Al O R T 2 AR ik
FH R,
3.2 AR ARFEHSLSEN AELT KL
gE e VA AT

FRPAE R VR IS R ) B B SR AL B R KBS BT 4
B RCER A L VA B A AL S AR T B
Wi, {EARDRE R ER i 40 1 80 mg/kg S ALEL B E TR
I8 T I35 A B 5% = B DR R FR I, T 45 Ab 3R A
MG A S B T B EHI & CFK
IR R R i B &8 B T X 2 00 B PR G
WA R FE B A TR AR A R X AR
T BT FE A & B M G Co™ " AR R IR AR 1A Py
BRPEBERREG IS 1 . MRS H R S5
PEBEBRRG VY AT U Ih BE i BB 44T , i 8 Bt
R R B AR MR IR B A B & AR
MBI R EEFRAS RN E L, 1
S, TSR AE SR R 5 I B H R
FHHEEAR ST Y AR, AR AL
BEERAIE N 80 me/kg B, SEHG A ) AT 1M 55 9 B 434
FewaAs , Ut AR R B B A AL X iR 4
HE TR BRI, AR D R 2EL 4R 2 Al % AR R 3
8 14 RAAKA 350 mg/kg AL 990 A4 /N LA
M AR U A B RN T , B A BFSY
BV B PR K BRLILE & B AR 3=
TR T 5 ph B R BE A S R T 1 (HIF-1a)
N RN EBEEEATEMFEES ™ 4d
AL A 38 0 GLUTL fy 23517 04 461 B 532 2 1R
JFI 24D Sfe eV R T 2% R 0 7% S s /N B
R LA A5 ot X I 5 BB ) I A T

58, B IEXWER A RAR, B K A R IR AT
MASEE PR R SE R A RIE T 5 B0
BRI BRAS [ I v PR , L o 7 2
— 5.
3.3 AXPAEFENSHHX KEZFLER
fLERRN

BRT LA 3G I AL A T M R 5 1R PLR R AL B
W MHLASTE B R G R AL B AL B
(SOD) i A Ak EU G (CAT) WEER AN A B H %
I FR/NTR B B A RN, XS4 G 2
FRATRES R AIMR 50 . BFIY & B4 T R 1K
/INEUIFRE SOD J CAT 3% /11 Asesrh S Ak
ANy 80 me/kg I &L T AHBI LTS5 R 4R
o} i ) 2 R AL B AR T AR Bt A ALEE .
3.4 ARPAEFENSHEH KEZTHLE
EpaL:aAl

HACEETS 11 5 @A A KR EIAR %t
PLEHE S B i AR R i — AN EE .
TEASZE B, R R I IR ALSE B R T L
HBITHACEETE 71 B ETSC T 45 % B 38 H AL e S
FIF MBS AR D, X B 5T R B, R kL
BINEE (1% ~2% ) RERE4R = 9 £ Ji 1 YE A% g L AR
AN R RS 10 X S5 AR Se e AR kL A
AACEE X 18 VE A B 75 1 45 SR AR L, (H A
Sy v HAth T AL S ) R SR I a5 R S e B F
BRI RGRAFEANR, X TR FZE 5 AP
FHET BB A A KB AR R A 5%, Hoi i
PRI R Z#E— PR
3.5 {ARPAEFER SN KEZE M FMN
FRRER Vi, @ BRIRIE

HRIMENDTRIHRBITRZ —, & Vi
%ﬂ——&?ﬁ@(ﬂﬂtﬁﬁ%tﬁﬁﬁﬁ@é§)E@éﬁﬁiﬁﬁﬁio VBH{%
B R A YD RE R FEIE 2, R A I 1L 37 A
JHEREAR Vg, & 8T AER 23 S et ALl A AR
RO, AL T v, Bl 1R} b A4 7 in & 1 3
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WA, X 5RMEEARA LW RER—
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TE, BN R IR 2k EE R /o, H
SR R R R 2 M E B8R, A
Ko, RACE AR 40 mg/kg H1 80 mg/kg i,
BT R REAUULPY A 4l 5 B B, A LA P
R K 7% B B BIAE 80 mg/kg SALES N, 35
2 1.16 mg/kg, HRYE 1972 4FHH 5 T A H A HERE
P, NS i i AT TR 2 A B 350/ K, A
B A A, AL S5 5R E B
AT RS N AN R

4 N

ASLH TR RN 8 140 mg/kg AL
BT RZE BRI A KA BE B 7 AR B PR, (2
80 mg/kg AYSRILHE B2 FEAR T K32 67 £ K 4k
E, MR T MURE & B I AT E R Vi, S8
B RFREFIAILP APt ) 5% B B o ARt b 5 40 A
80 mg/kg HIRALH B E W0 T K32 6F 49 1K LB
607, B T LT 4 S R NG P R R TS )
I BT FFAEHSRES . AR 8 mg/kg B
AR THEABKE MABREMIUZ
JRRE Xt E SRR T REEN. &5 EPR,
TEARSLIARNF T, REEBHEDRL A 8 mg/kg 51
&y
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BT AP AREFENSL X KEET PR RSHNRm
Plate I Effects of different dietary doses of cobalt chloride on midgut intestinal morphology of turbot
L SACEE BN O mg/kg 45 2. FALBE VRN & 8 me/kg 41 ; 3. SALER AN 40 mg/kg 41 4. FALBE VRN & 80 me/kg 415 a. /NAHS
E; b KIETZ; ¢ NUZ; d SR

BT {8 REF SRS K EET AR S SEARm
Platell Effects of different dietary doses of cobalt chloride on liver morphology of turbot
L EACHE VRN O mg/kg 4 ; 2. SALBEAS NI L 8 mg/kg 25 3. SALHE AN 40 mg/kg 2 5 4. EALHEVR N 80 mg/kg 25 p. [T X5
v. HRFERK; a. NHEFERK s b ANRIZIRK; c. ANHRIIEAE s he SREET KBTI A3 SERIAT 052 o
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Safety evaluation of dietary cobalt dichloride in turbot

YANG Pei, LI Yan-xian, HU Hai-bin, ZHANG Yan-jiao, MAI Kang-sen, Al Qing-hui, XU Wei, ZHANG
Wen-bing

(Key Laboratory of Aquaculture Nutrition and Feed, Ministry of Agriculture, and the Key Laboratory of Mariculture, Ministry of
Education, Ocean University of China, Qingdao 266003, Shandong, China)

Abstract: The effects of dietary cobalt dichloride on survival, growth performance, haematological
parameters, antioxidases activities, digestive enzymes activities, Vg, contents in serum and liver, tissue
cobalt residues, and intestinal and liver morphology of turbot ( Scophthalmus maximus L.) were studied for
safe utilization of cobalt dichloride in fish feed. The experimental dietary cobalt dichloride inclusion level was
0, 8, 40 and 80 mg/kg respectively. Six replicates of 30 fish were used for each treatment group. No
mortality was observed during the 10-week feeding trial. Growth performances of fish were not significantly
affected by dietary cobalt dichloride supplementation from O to 40 mg/kg (P >0.05), however, 80 mg/kg
dietary cobalt dichloride significantly decreased the final weight, specific growth rate, final weight, feed
intake, hepatosomatic index, and viscerosomatic index (P <0.05). Supplementation of 40 and 80 mg/kg
cobalt dichloride in diet decreased activities of catalase, aspartate transferase, and alkaline phosphatase in
fish (P <0.05). The activity of stomach amylase was significantly decreased by dietary supplementation of 40
and 80 mg/kg cobalt dichloride (P <0.05), while dietary supplementation of 40 mg/kg cobalt dichloride
significantly decreased the activity of trypsin (P <0.05). With increasing level of dietary cobalt dichloride,
the glucose and Vg, content in serum and liver and the cobalt residue in liver and muscle increased
significantly (P <0.05). No lesion or damage was found in intestinal structures of fish from all treatments.
However, 40 and 80 mg/kg dietary cobalt dichloride impaired the liver tissue and widened the hepatic
sinusoid. The present results proved that 8 mg/kg cobalt dichloride was safe as additive in fish feed.

Key words: turbot( Scophthalmus maximus) ; cobalt dichloride; safety evaluation
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