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ffi £ (Lateolabrax japonicus)F=5E H &
XHARARERSE

BT REET MEAT GEE
(1. P EUK R AT B K R BT S 266071;
2. PENEFERY HEMMEKIEESIRE  H5  266003)

WE  DUAHIRE H(214.5+1.0) g ¥ & h R Tt 5, B AR AR R EAEE 45 0. 048,
0.97. 1.45, 1.93. 2.42 mg/kg . & 1 [l A F#§(0.12. 0.36. 0.42 . 0.60. 0.78. 1.10 mg/kg)Hy 6 %
EREMRFAR, EHEATRNFARTHMT70d B EK LR, HITARFRRE AT 8 4K
AR, MENEE e RKEEENYH, FREN, FEAKEHMERRTHEAFHEME
S EFE AR, AR AR KA 0.60 mglkg B, AFE A KRR g AR R R K B
4 1 17 58 A0 R R T B 3% 2 7 (P>0.05); AT AL A0 o 7 o 0 A Bt H ik L 1 4 B8 (GSH-Px) 78 M 1
HRMBEACFN RS T ERNE LT R RR &S, 184 E % 0.60 mg/kg itk 2| & AMH;
TEARRT NEA B H Ik S BE(GST)E MM A A EWN M M ERE L LA R FENAY, AR THE
£ 7 0.78 mg/kg B, fnvE GST 7& 1 B 2 & T 4 8 41 (P<0.05); i 7 & it ik iF J& B (GR) & 1 4 % 7%
CEWNHEMENE LA FEN#EY, ERTHAEN 078 mgkg B, MF GR E MR EH T4
P8 41 (P<0.05); foi& F A8 ALy (LB (SOD)E MM A AR A EN A B EN L AT E THNZ
%, AR TS E R 0.60 mg/kg Bk F| & A, A E N 1.10 mg/kg B, ifiE # SOD JE M T E
T & ELAR T Xt BB 4147 #H(P<0.05); M E AR MEENAS, WEFPH _BEEEZINH EBKTE A
B, E A AR A E N 0.60 mg/kg B &K 4 & Fn BT L P A A B B A DR AR KR B A
7 T 2 % 75 (P<0.05). 45 & £ K i A b6 4, BN 214 g HLAR 0y 5 & 43R 38 B W9 4 & 9 0.63-
0.75 mg/kg.

XA Wiy #if, ERER; AKPH

FESHES S963 CEkFRIRES A XEHS  2095-9869(2015)03-0093-08

YE RN LR MR EFRITER, Wli(Se)ht T
EmERKMyTAfre T BEAEZ/EM, Bk, ©
22T T AL FE B 0 E P A A3 A0 X AR A A )
SR FIIFST (Hilton et al, 1980; Gatlin et al, 1984; Lin et
al, 2005; i #4%, 2007; Dorr et al, 2008; & 4f
4, 2010), XELAFFEERIT, A AU A T 2E
A, T ELAE A A3 e H IR SR A P g (GSH-Px) Y 21
RSy, TES 5 AR N AL 935 B (Avanzo et al,

2001; Fang et al, 2002), B 1k 41 Mo 2 ki i g 2 ik 44k,
PRAP A0 A 32 R AR B e SR v B A

fifi fti (Lateolabrax japonicus)&—Fh) " . )k
25, TEIRE R AL A e, IR EE B
L tniZz —(Aietal, 2004a., b), JTAEN, #fa kK
DR 5 75 A ) o A R 3 ) R A O ) R LS DR
PRI i £ 755 57 R T oK 0 58 38 AR 0 b B SG THiifh
il 178 5 =K et B BIFY , B AR SR 7 55 (2007) iR 47 T #E
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2 )R 36 %

HIAMFTE BB XS 20 g ZE ARt , X TS BOR
A4 fs £ 3 B A AT HE— BT . ol T AR B BLAE
AR RORBLRY AN]R8 ) T SR R R A AE 22 S 1Y
DRI T 76 2 7 £ A (] A K B BEARDRL P il 7 254 Y
FIAY, A b B — 25 AT TR R IR 5 £ 14 75 24

F T HRTSIEANER EN A A0AR AR, 22 E iR
Rk S AN TR B, IR, ABTFE N T A, R
FH AR RGN VE AR, DL 214 g Mot el SEEG X4
WFFEARDRE b AN [] A Ao LA K B ALIAL I PP bt
S it 2 TS 57 )R IR, SRR R BB R RUAR B £ X
il 4 B e SR, Ay e 3 B £ A [ A K B BEA AT 5 77
oK, e IR I Ak i 4 BEEOAR M

1 #MRE5FE
1.1 sKIiEs

Dk N i A S R E s - = SR USRS
MW, AR VER FIRG R, 764 T v S ) )
A RIE N 0, 0.48, 0.97, 1.45, 1.93, 2.42 mg Ky
SR R ) (R 24 4 A b 2 iR A BRAA =D, 43 B ) i
JEAN TR 7K S0 B 45 0S5 A Dk, Atk oot ) S0 5 &t
fik¥k} 0.12, 0.36, 0.42, 0.60, 0.78., 1.10 mg/Kkg.
SLE R T BB SR AR AR Lo SEI I SRR
et 60 B, MR GE, HIBUBOREE, TR
B TR A TP RAFTE-20°CURAR T .

1 TRANKRARBSEE% )
Tab.1 Formula and composition of the experimental diets (% dry weight)

1Ak 43 Ingredients Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
fi% %5 H Casein 40 40 40 40 40 40
B Gelatin 10 10 10 10 10 10
185 Fish meal 10 10 10 10 10 10
51 Fish oil 6 6 6
il Soybean oil 2 2
FEKIEH Corn starch 20 20 20 20 20 20
MWk Dextrin 5.85 5.85 5.85 5.85 5.85 5.85
KEOHEE Soy lecithin 1.5 1.5 1.5 1.5 15 15
4k ZIRA Y Vitamin premix* 1.5 1.5 1.5 1.5 15 1.5
WY IR &9 Mineral premix? 1.5 15 1.5 1.5 1.5 1.5
S AbMEH Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
442 C Vitamin C 0.5 0.5 0.5 0.5 0.5 0.5
FHEF| Attractant 0.5 0.5 0.5 0.5 0.5 0.5
[ %77 Fungicides 0.1 0.1 0.1 0.1 0.1 0.1
YL AkF Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05
AR 4 NaSeOs-H,0(mg/kg) 0 0.48 0.97 1.45 1.93 2.42
1k 2741 B, Proximate composition(% )
¥1%E 1 Crude protein (%) 44.63 44.21 43.96 44.42 45.07 44.68
HMLIE G Crude lipid (%) 8.78 8.79 9.02 8.83 8.81 8.91
fifi Se (mg/kg) 0.12 0.36 0.42 0.60 0.78 1.10

W1 A ZIRAYI(mg/kg or g/kg TRRL) . ZBEEE 45 mg; BRIEE 25 mg; 4L E Ky 10 mg; JULEE 800 mg; EhfRMtNS
B 20 mg; 4i4: % B,0.1mg; 1282 60 mg; AWK 1.20 mg; 4E4E R A32mg; 4i2 K D5 mg; MR 200 mg; MHEZ 20 mg;

Y& E 120 mg; K 18.67g

TE 2: 9 IR &%) (mg/kg or g/kg ikt LLHR 0.8 mg; UALEN 2 mg; BiEREk 80 mg; B EF 50 mg; & fL4h 50 mg;
Wil 10 mg; HilREE 1200 mg; 4kl 100 mg; BEfR 4045 3000 mg; k£ 4} 15.51g

Notel: Vitamin Premix(mg or g/kg diet): Riboflavin 45 mg, Thiamine 25 mg, Menadione 10 mg, Inositol 800 mg,
Pyridoxine 20 mg, Vitamin By, 0.1 mg, Pantothenate 60 mg, Biotin 1.2 mg, Vitamin A 32 mg, Vitamin D 5 mg, Tocopherol
acetate 200 mg, Folic acid 20 mg, Vitamin E 120 mg, Wheat flour 18.67 g

Note2: Mineral Premix(mg or g/kg diet); Kl 0.8 mg, NaF 2 mg, FeSO,-7H,0 80 mg, ZnSQO,4-7H,0 50 mg, CoCl,-6H,0
50 mg, CuSO,-5H,0 10 mg, MnSO,-4H,0 1200 mg, NaCl 100 mg, Ca(H,P0O,),-H,0 3000 mg, Mordenzeo 15.51 g



% 31

W W& ffifh (Lateolabrax japonicus)FEi A U9 X fa) L AmG i 5 oK 95

12 XEIHYREFFER

S96F 2013 45 6 H 28 H-9 A 5 HAET 410
WIEIK= WA B A RIS TIY, i 70 d. SEa s ik
FH AP 1 [F]— 4t s, SR TT IR AT, 50T (3 mx6 mx
3 )ik AR TR SR 14 d, I SEIR X IR ZH (0.12 mg/kg)
Tt AT 4 A 22 3 B S B AR RSB0 T AR AT LR
24 h, Pk RS fEOH: | R/NE 5 R fifi£6(214.51.0) g
BEALSY T 18 /ST K AR (1.5 mx1.5 mx2 m),
T KR —4, BFERIRELI R 3 4505
o, B R A B P Y (05 : 30 1 17 @ 00), SEI6 AN,
KN 25-30°C , £hJE S 25-30, AN 7 mg/L LA |
FEFRFH AT R ep, XF IR B K ARG 5 e AT R, A A
AR

SCYGHAM], MK . B KRR AR, g
R E AR, IR E R,

1.3 HmlE

ARSI R, Bl 24 h, L. FRE.
PN EEA A I 4 B, F MS-222 JFRigE, iR
&K BRI, MEEFE 4CUKF T ERE 6 h
Pi b, 3000 r/min &5.0> 12 min, HRIGIMIEFEAL T-80C
PR 5 A BOTE AT Y E AR, FH ISR B
A LG, I8 TR AT F-80°C vKAF o F-43 I M BEAS
MIFHEL 3 BARAE T-20°Cokaah, FH T2k sy
I3 o

1.4 Hkath

T Ak 4 f0 R i 1 7K >R B 105 °C R AL T2k 2
PR 5 AR S R AL IC A RO 5 R A R
FHZR R (A T Bk S AR M 2 5 KA AE e |
WAL)S , BT B4 4P (550420)°C ke 3 h, ek
WA . A H I A b G . B H IR TR . 2 bk

H K64 . SOD %1 & MDA &, R st
AR G E o 7 4% GB 5009.93-2010 I 5E .
15 HELAKX. FitHE

ARG R (Survival rate, %)=24K SE6 B0 1) IR
S £ %5 % 100

FE 2 A K Z(SGR, %/d)=100x[In(&X K 1A ) —
In(R) 46 14 8 ) 1/ 52 96 R AL

TR R (FE,  %)=100x (2 A 1A 8 4] 4 74 &)/
e

JIE 355 B2 (CF, %)=100x{A & (g)/{4 K (cm®)

JFAAR EE(HSI, %)=/T 32 5/ 5 £:x 100

WEAAR L (VST %)=P3 B /1A 5 1 x 100

T A S 90 K R AT 2 45 1 1% (Mean + S.E)
Forn, JFLL SPSS17.0 A3 M8k A4k 45 B R -7 5 22 40 Mt
(ANOVA), Z & [L# K Tukey #5877, Ll P<0.05
oRTE - G

2 IGER

2.1 AR AR Ok T X A f A K FER BRI B9 2

DA 7 STty £ A A R RDAL R B4 s i L 2,
MR 2 ATLVE I, TESCI BBy, 2% il 2H fr o Y s
FAE 88.97%-98.14%, 51k 2 8] (4 B R TG 3
2551 (P>0.05); fRIBHARG A - % 0 45 1 A K R (SGR) ™
AT BE(P<0.05), 45l Hifi7E 0.12-0.60 mg/kg
B, fiFi A1) SGR A G /KF- A3 i e 2 1 F+(P<0.05),
MRS AT S R, B 6a ) SGR FeAN I TOEAR, JF
H.¥E 4(0.60 mg/kg Se).5(0.78 mg/kg Se) .6(1.10 mg/kg
Se)ZH iy SGR i & T B4, X 34l ok 2%
5t (P>0.05); TaPBISCRAE £ 0 4 2 (0] - AT i 3 22
5(P>0.05)., LA SGR APFMr4a4n, FHHTLE mlIH A AL
A5 B £ 1Y) Bl 5 oK 15 0.63 mg/kg (& 1),

F2 AR EXE S KRR R m( * )
Tab.2 Effects of different dietary Se level on the growth performance and feed utilization of Japanese seabass (Mean+S.E)

[a)EHiTE 7K F- Dietary selenium level(mg/kg)

H: K545 Growth index

0.12 0.36 0.42 0.60 0.78 1.10
VIR KT Initial weight(g) 214.5042.10  214.50+1.70  214.50+3.00  214.50+1.30  214.50+2.60  214.50+0.80
SR KT Final weight(g) — 384.33+6.33°  396.66+1.76° 399.71+2.85" 414.10+6.66° 416.26+5.03% 417.67+4.67°
% Feeding rate(%/d) 0.90+0.02° 1.00+0.02°°°  0.94+0.02" 1.01+0.03% 1.05+0.02° 1.03+0.01%
% % Survival rate(%) 94.44+3.75 98.15+1.85 96.31+1.85 88.89+3.20 90.74+4.90 96.30+3.70
TR R FE(%) 0.90+0.03 0.88+0.04 0.91+0.03 0.87+0.01 0.83+0.03 0.94+0.01
e A K 2R SGR(%/d) 0.83+0.02° 0.88+0.01*  0.89+0.01®  0.94+0.02° 0.95+0.02° 0.95+0.02°

T Bdli b LR REAN R 7R 25 5+ . 2% (P<0.05)

Note: Values with different superscripts are significantly different (P<0.05)
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_ 0951 e 2.2 AR AR 66 4 A UK K 5 B R

s 094 y=0.2265x+0.8001 ‘ ’

2] s oot AR DR R 55 0 R OB L2 3.
Jﬁ\ﬂ—g . R2=0.6008 }J\%‘% 3 ﬂu%tﬂ s ﬁﬁ@@ﬁij{%\ *ﬁﬂgﬂﬁﬂéuj‘j{ﬁj\/ﬂ\i
L2 4 BIAE 73.65%-74.74% . 6.89%-7.88% , 3.24%-3.48%
HE oy 2l HAA PRI T b % 5 (P>0.05), MRS Bl

& 0.86r = 0.63 TPt el S A T, S BN A

£ o84 ARG K X 65 PAHELER 11 9 77 35 (P<0.08),

0.82 . : h 4 ' ' ) 1 Fa Rk T B B A 0.60 mglkg i, LA L R
0.0 0.2 0.4 0.6 0.8 1.0 1.2

fAklSefr it Diet Se level/(mg-kg )

K1 Pr a8 20 i i K 1 5 e 4
CRSENIP S
Fig.1 Correlation between dietary Se level and
SGR in Japanese seabass estimated by the broken-line
regression analysis

BTl A 036, 0.42. 0.78 mg/kg HY RN
2.3 AR Bt LS R AR AU BN

i 42 f%) FIFAAS H (HSDAE 45 2 22 18] 24 0.78%-0.93%,
Biti 25 faL Rk AR B T, BB S IR LR
P(FE 4); MR KA 0.42 mg/kg B, i)

F 3 AR S & R R N (CF I E AR ER)
Tab.3 Effects of different dietary Se levels on the whole-body composition of Japanese seabass (MeanzS.E)
kI #R5 Dietary No.(Se mg/kg) /K43 Moisture(%)  #1EH Crude protein(%) KA Crude lipid(%) K43 Ash(%)
1(0.12) 73.57+1.15 13.80+0.06™ 7.87+0.38 3.50+0.09
2(0.36) 75.20+0.24 13.28+0.06° 6.90+0.14 3.45+0.15
3(0.42) 74.42+0.12 13.22+0.20° 7.89+0.13 3.43+0.02
4(0.60) 73.65+£1.00 14.36+0.21% 7.600.77 3.35+0.13
5(0.78) 74.69£0.55 13.22+0.29° 7.40+0.25 3.30+0.19
6(1.10) 74.74+0.48 13.68+0.25% 7.35%0.20 3.25%0.02

T Bdli b LR REAN R 7R 25 5+ .2 (P<0.05)

Note: values with different superscripts are significantly different (P<0.05)

x4 AR g RFREL . BRI EEFNARE E RY
2200 (A {E AR R)

Tab.4 Effects of different dietary Se levels on HSI, VIS,

and the condition factor of Japanese seabass (MeanzS.E)

kR

Dietary No. Ezfliotlﬁ JiRENEY N B

(56 ma/kg ) (%) VSI(%) CF(%)
1(0.12) 0.93:0.02°  8.80£0.23  1.10£0.02
2(0.36) 0.79+0.03"  8.94+0.18  1.10£0.01
3(0.42) 0.78£0.05°  8.65£0.31  1.12+0.01
4(0.60) 0.81#0.03°  8.44%0.33  1.13+0.02
5(0.78) 0.84£0.04% 8.85+0.11  1.14+0.02
6(1.10) 0.92+0.02°  8.99+0.07  1.09+0.03

e BE T AR R R R 22 7 3 (P<0.05)
Note: Values with different superscripts are significantly
different (P<0.05)

JHFAA E (HS )35 B B /M 5 BEAAR E (VST RT3 22 (CF)
I3 1E 8.44%-8.99% , 1.08-1.14 Z[u)(F 4), tklh
ilG £ 8 ok %5 £21 F) I A L (VST AR 336 8 (CF) 219% A3 6
P i 25 (P>0.05)

2.4 GERAT 3T 5 B BT AR K O05E A Bt H B S | L B

(GSH-Px). &Mt HBKIERES(GST) R &M HIKE:

B E8(GR) AL SN

Tl RHA X} oy £ JHFAIE A2 il 78 GSH-Px. GST. GR i
PRI AR 5 iR, L35 H GSH-Px i 1Bl 4 1Ak
il i S LR S T e IS R B A S, Dk Rl i
1o 0.6 mg/kg BFRF R KAE, FFIE GSH-Px i 3%
PR LA A, XoF BR A 1M 375 S P GSH-Px i 1
ik, LA GSH-Px i J1 AiFM 4845, 12 A4 a9
A3HT, PIARES AT SR A 0.75 molkg(E 2); MLy
FUFFAE GST {1 52 Bt Bifi 5 A4 5 £ (9 385 I o - s
LR IR, S iRRE R ) 5 ok 0.78 mglkg B, i
1 GST M W2 & T X IR 4 (P<0.05), iy & & h
0.36. 0.42. 0.60. 1.10 mg/kg FYIRRIE TG 2525
(P>0.05), JHF-IE GST 1 14 7M1 & 4 4y 0.42 mg/kg 114
R R TR, S5 & o 0.36., 0.60, 0.78,
1.10 mg/kg TR TG I 35 2% 7 (P>0.05); IliF GR
T PRI 2 0 S 3 i 2 I E TR SRR i, 1
il & 1 >4 0.78 mg/kg AOTRDEHH ML GR 1 M 8.3 & T
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RV #3) e B ot 5 £A 1D 5 & BT BE GSH-Px. GST #0 GR &4 &Y 220 ( + )

Tab.5 Effects of different dietary Se levels on the activities of GSH-Px, GST and GR in the serum and the
liver of Japanese seabass (Mean+S.E)

T 7K F Dietary selenium level(mg/kg)

T3 J1 B Growth index

0.12 0.36 0.42 0.60 0.78 1.10

SR Ik N Necl
m/ﬁﬁ%ﬁﬂi‘ﬁ%ﬁ%%@@ 394.07+6.56°  439.37+19.47% 454.94+17.50° 494.21+11.40° 463.37+20.88% 455.55+22.77%
Serum GSH-Px activity (U/ml)

N N basy

ETHE/F* %Hﬂi‘ﬁ%_‘twﬁ(ﬁ@ 3.79+0.82° 4.45+0.67°°  574+0.83"°  5.66+0.20°°  7.41+0.48° 6.5610.58%°
Liver GSH-Px activity (U/mg prot)

SE I D v
ﬂﬂfﬁﬁ%ﬂ“ﬂi‘%fzﬁ%@ 17.51+0.23°  20.18+1.17%*  21.30+1.69%®  21.52+2.32*  24.01+3.21*  19.41+1.56®
Serum GST activity (U/ml)
Efﬂgﬁ%ﬁﬂi‘%*ﬁﬁﬁﬁ 27.28+1.82°  32.58+2.33%  35.96+1.82%  32.69+2.27*  32.51+1.48"  30.67+3.11°
Liver GST activity (U/mg prot)

EIR Pl by S =y
m“ﬁﬁ%ﬁﬁiﬁﬁﬁ(ﬁ@ 13.17+0.64°  19.67+0.34® 21.91+1.49%" 22.63+0.77® 25.03+0.37%  23.82+0.45®
Serum GR activity (U/ml)
HEEAT R I T 1 2.47+0.13 257+0.32°  2.66+0.31° 2.64+0.17° 2.700.34% 2.68+0.25%

Liver GR activity (U/mg prot)

e BE T AR TR R 22 7 3 (P<0.05)

Note: Values with different superscripts are significantly different (P<0.05)

550
500 o

450 //m
4001

y=217.49x%+326.02x +357.17

I GSH-Px
Serum GSH-Px/(U-ml™")
(98]
W
o

R*=0.8717
300+
x=0.75
250
200 . . . Y, . )
0.0 0.2 0.4 0.6 0.8 1.0 1.2

fkISefr it Diet Se level/(mg-kg™)

K2 SifafiiE GSH-Px 1 1 5 DRl A 19 6 &
Fig.2 The relationship between the activity of serum
GSH-Px and the dietary selenium level in Japanese seabass

X} 2H (P<0.05) , 5l % 14 0.36.,0.42.0.60.,1.10 mg/kg
B )Rl £H G 35 22 57+(P>0.05), THE GR i 14 Fifi % i

=6

TR RN R SE, SRR RFAE GR T M
FART &4 0.36, 0.42, 0.60. 0.78. 1.10 mg/kg
R (P>0.05), X 5 412 [A] TG i 314 2% 5+ (P>0.05),,
JFIE GR J5 YRR & 4 0.78 mg/kg B iRl R B

2.5 {RRIA 7k Xt s £ i i K BE BB S| 4L 4 15 4k B
(SOD)iEM . W B (MDA)E ERIE I

TR AN [vi] 7K S P i %o s €24 1L 375 R T P 8 48 A 0 05
{LBF(SOD)IET: . TN BE(MDA) SRR 6. M
F 6 TTLUEH, Mg SOD 1M kit % Rkl ik 2 1 7
R TR T RER S, 7RG R 0.60 mg/kg
() P R B e R (B, DB ZK -4 1.10 mg/kg B,
I3 SOD T4 3 T B FLAR X B 4H 1) 4 (P<0.05),
TR 7K S A 0.12-0.60 mg/kg B, AT A SOD 3% P
Wil 2 PR ASHATG ¥ B %) T v T R, FERTE A 0.60 mglkg

fR)#3) o i o &5 £ I 55 & BT AR SOD FE 1 F1 MDA & & B9 820 ( + )

Tab.6 Effects of different dietary Se levels on the activities of SOD and MDA content in the serum and the liver of
Japanese seabass (MeanzS.E)

Takbr5- Dietary No.  IfiL¥ A AL W S A TS

JHP Rt S A B A BT 1

JHFIEPS — &
Liver MDA activity

JIIREATS I -5 w iy
Serum MDA activity

(Se mg/kg) Serum SOD activity (U/ml) Liver SOD activity (U/mg prot) (Ulml) (nmol/mg prot)
1 76.40+2.44% 70.76+1.61° 58.07+2.36° 0.46+0.04°
2 79.45+3.19% 81.16+3.18° 44.05+1.28" 0.60+0.06®
3 78.44+1.01% 83.46+2.98% 32.03+2.07° 0.68+0.06%
4 84.14+3.71° 90.85+2.42° 28.54+0.74° 0.64+0.09%
5 74.806.89% 84.41+1.68%® 37.97+5.33% 0.74+0.07
6 71.36+2.73° 84.47+4.17%® 45.63+3.29" 0.75+0.05%

T B b EAR TR Al R 22 57 1.2 (P<0.05)

Note: values with different superscripts are significantly different (P<0.05)
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2 )R 36 %

W R R B ey, E— 2P PRV B, IFIE SOD
TEMEAEHERE R s %5 MDA B Bl 25 1 2 1t 0 388 fin 4
TR EF, Wig sl 0.60 mg/kg B4R 2 B
A, SFRRALIMYE MDA # &  2% i T HAh 4541 (P<0.05),
JHIE MDA & B Al B2 r 3 hn S BT E s, ek
FRTfi K 0.36-1.10 mg/kg B, @ fafTE MDA & &
WA 25 5 (P>0.05) . LAINLIE PN s & PR T HR
iz M 08T, Al faaF k&4 0.70 mg/kg
(A 3).

701
~ 60k y=84.921x°-114.44x+70.152
E R*=0.8484
= 50f
S E
S E 40 o
Hr <
,:g 30 >
E 20t
5
@ 1or ¥=0.70
0 L 1 L Y L 1 J
0.0 0.2 0.4 0.6 0.8 1.0 1.2

fiklSe it Diet Se level/(mg-kg™)

K3 Sifaifiis MDA & & 5 kAl K P i 56 &R
Fig.3 The relationship between serum MDA content and the
dietary selenium level in Japanese seabass

2.6 fARMEKTEXEEE G, RS 28890

e HATG 7 St £ 4 ARG 25 AR DL 7
N 7 0T LA Y, AN [RVAIG 7K (%) ) Ak o s £ 4 e T
U Hp T A S AR (P < 0.5), 4 RN E
FF AR G £ e IS i 2 e e A K S %) T T 3 T
(P<0.5),

F7 ARRWAMNEEFE. 2EaPESENEMN
( t )

Tab.7 Se concentrations in the liver and the whole
body (MeanzS.E)

a8 455 Dietary No. JHEIE il
Se(mg/kg) Liver(mg/kg) Whole body(mg/kg)
1(0.12) 1.58+0.006" 0.282+0.001f
2(0.36) 3.480.015° 0.536+0.004°
3(0.42) 5.05+0.017¢ 0.446+0.005°
4(0.60) 5.54+0.011° 0.550+0.005°
5(0.78) 5.73+0.013° 0.562+0.002"
6(1.10) 6.82+0.015° 0.614+0.002°

TE: Bl h EARTREAN R R 22 7 1 % (P<0.05)
Note: Values with different superscripts are significantly
different (P<0.05)

3 itig

ZEHE SR (2007)WF5E45 Y, 20 g 2o Ay By B il i)
T 2L E oA 0.40 mglkg, ARWFFEAEXANIEAE X 214 ¢
14 i £ AL TRl ) 7 L AT, SRR, REE
Tl Rl A 7E 0.12-0.60 mg/kg 28 fK i, fifi £ Y SGR
B 25 T 7K 7 B 14 in g d 3 B TH(P<0.05), Y4kLEeE
Tl & H i, 940 SGR EEALRIF AL, DL SGR NP
FebR, Preminil 5155 200 g A=A BUARS R &5 £a X 1]
Bl ) e T 2t 0.63 mg/kg (&l 1) X —AfFoE 4k
R T % (Salmo gairdneri)f) 0.15-0.38 mg/kg (Hilton
et al, 1980) . i X f(Ictalurus punctatus)f’) 0.25 mg/kg
(Gatlin et al, 1984) . H [& XI #F (Fenneropenaeus
chinensis) i 0.44 mg/kg( £ % ] 55, 1994) . %) #if
(Cyprinus carpio)# 0.52 mg/kg(4: M & %%, 2007), S
1ELY#1% (Eriocheir sinensis)fY 0.40-0.60 mg/kg (H SCi
4%, 2014) , wiAfi(Ctenopharyngodon idellus)f# 0.60 mg/kg
(IMEHREE, 2007)MH3E, IR T 440 4 B £ (Epinephelus
malabaricus)fi¥ 0.7 mg/kg(Lin et al, 2005). 42 %%y
(Haliotis discus hannai)f¥ 1.09-1.17 mg/kg (LERFfJ7,
2008)Y . 7 # {1 (Rachycentron canadum) [ 0.788—
0.811 mg/kg (XIHESE, 2010), XEEHFFERM, Ki=sh¥)
XA P it R AN FHAE R B BOAT G, T Ho sl Ak
AR, HFEREdm sk AERKEL,

PRI A A 25 52 M 21 0 1 ARG, T A
M 5 £ 7 (A HHATG 1) 5 e, X £ 4 R HP i 5 i
ForHT R, B R K ) BT BT,
IR B A KPR, HAlKEA 1.10 mg/kg
() DAk 2H 4 o R VARG 5 £ d 2 e T LAt A5 A PR, 3%
W s £ £ (Ao ) ORI AT 5 e 1) AR R T o IR AR
S5(2008) 5T K B, A LH RN & B 7E i 0.598 mg/kg
JEEORFRRRE , dERFTE— P B, SAMIRM SR
AR, ATReR R RRADE 5T rh AR, Xl
YRR fE T HE R .

TG %F F £ 22 8K A= sh W ) — > S 2 A B ) fig
ST Lsgma 27K A SR i B S AL R 45 (Poston et al,
1976; Wise et al, 1993; JT#{7F, 2004). fifi@ 4t
R S A B T A S o, BT & 4l (Rotruck
et al, 1973). Bell 55(1989)HF 5t F M, A K KR AIK
KPGHEEE K AR GSH-Px Bid . Bl H 4
(2007)FFE R MY, 75— ¥ il PN AR A 5 i 5 B £ 40y £
GSH-Px 1 JJ R IEAHG . 7EASH M (X FESE, 2010) 1
rh AR G B (T SCERSE, 2014)R0 5, g 3|

1) ERJ5. 98 (Haliotis discus hannai)# #)7c & (K. Mg. Se. Cu) KB EFAMMNIG. o EEE R 2= L0
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WS #fifa (Lateolabrax japonicus) i s H X ARl RH i 75 oK & 99

GSH-Px 13 ME7E bl 5 fal Rk rh g iy & i A8 4k . ASBiF
FEHR IR, AR IS B AR S, G T A L R
A —ErRem, il E7E 0.15-0.60 mg/kg ML Fl
B, 13E GSH-Px i 77 B & Ak H i A 3 i A
i, A A 0.60 mo/kg Bk B TG B AT DAA
ML GSH-Px 1T LAVE R P s £ il 75 oK 2 i — 1> R A
Febr, XHEDRHIG K SE ALY GSH-Px 16 M — ik i £k
RERUHEAT B 53 B, ARk i 75 5K 5 0.75 mg/kg
(" 2).

T3 — M PEN MRS E L RE Y 4845 SOD, SOD
RENE A A I R RS, OR3P A1 S0 M O 32 S Ak 3540
(B SETE5E , 2004) , AHIFFE |, o £ 1L 3 AR AE SOD
o5 P s e T 5 G T S R S n JS R AR, A
LRl &N 0.60 mg/kg B A B B (R, 2400 5 K
F 0.60 mg/kg J&, IMLIEFTAE SOD iHIF IR FR%. X
55 F 9545 (2008) V7R 45 SUL I L BT AR 25 L,
WG % i £ 7 — 5 U N A IR AE T . 534h, MDA
J& [ WG R R T A A F B R & i e,
R R LA AZ 454588 8 (Grundy et al, 1998;
B, 2002), M SCEREE(2014) BT 6 Y, rhAR g Ek
17 MDA & & A6 1RDRE R 5 £ A 0-0.40 mg/kg A8
FERT B #T AR, KPS 0.4 mg/kg BT . A
WFoE R, [RIRE A B £ MDA 75 e bifi H R i 7k
ST R I S T RS T A A, AE TR
47 0.60 mg/kg Bf MDA & & fik. 454G MDA & &M
A AL A IE A SOD JE ARk, U B DRl I A )
X AL G i AL B B R VE T o RIS, DA
TN S RN R bR, s R EE S, v
i 7 Al 5 SR o 0.70 mg/kg (81 3).

4 i

e Ak v 3 e AR TG T DA AT S o e ) A K IF
ARG RN W AR B gL ARk K P
7 0.60 mg/kg B, 214 g AyfFfa Al DGR B EER AR
BOR, LhSGR PP HE AR — IR AT 4 [ I 58 AL L5 X6f
il ) i 775 B4 M 0.63 mg/kg Tk LLIMLTE GSH-Px
WP FR b, R B R AT ML 5347, 15
tH 214 g 7 fa 0Pl Y Bl T 25 O 0.75 mglkg Rl
Ph MDA & it AP e s, FH ki & Al k47 e
AT, A5 214 g fif £o K i G el 7 2 0.70 mg/kg
kL, LA AR MBUARRE ST, B 200 g A4 AR

1) FERFF5. sl (Haliotis discus hannai)W ¥ 0 & (K .

A2 X, 2008, 97-105

14 iy £ ) Ak S B AT 7 1k 0.63-0.75 mgl/kg o

£ % X M
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The Requirement of Dietary Selenium at the Middle Growth Stage of
Japanese Seabass (Lateolabrax japonicus)

TAN Feng™?, LIANG Mengqing"”, ZHENG Keke!, XU Houguo®

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao Key Laboratory for
Marine Fish Breeding and Biotechnology, Qingdao 266071; 2. Key Laboratory of Mariculture, Ministry of
Education, Ocean University of China, Qingdao 266003)

Abstract In this study we conducted a 10-week feeding trial to evaluate the effects of dietary
selenium on the growth, the physiological status and the body composition of Japanese seabass with
initial average weight of (214.5+1.0) g. Six semi-purified diets were supplemented with NaSeO;-H,0 and
the concentrations of Se were 0.12, 0.36, 0.42, 0.60, 0.78 and 1.10 mg/kg. In seawater floating net cages
(1.5 mx1.5 mx2 m), a group of 18 fish was fed with these six diets twice daily and every 3 fish had one
type of diet. The survival rate and the feed efficiency were not significantly affected by the increased level
of dietary Se (P>0.05). The weight gain and the whole body crude protein were the highest in Japanese
seabass fed with 0.60 mg Se/kg (diet) (P<0.05). Hepatopancreas and the level of the whole body selenium
were positively correlated to the dietary Se level. The activities of both serum and heaptopancreas
glutathione peroxidases (GSH-Px) were increased along with the elevated dietary Se level, and peaked at
0.60 mg Se/kg (diet) (P<0.05). When the dietary Se increased to 0.78 mg/kg, the activity of the serum
GSH-Px decreased significantly (P<0.05). The activities of both serum and hepatopancreas glutathione
S-tramsferase (GST) initially decreased and then increased along with the elevated dietary Se level. The
activity of serum GST was significantly higher in the 0.78 mg/kg group than in the 0.12 mg/kg group
(P<0.05). The activity of serum glutathione reductase (GR) was also significantly affected by the dietary
selenium level, and was significantly higher in the 0.78 mg/kg group than in the 0.12 mg/kg group
(P<0.05). The activity of serum superoxide dismutase (SOD) increased along with the elevated dietary Se
level up to 0.60 mg/kg, and then declined (P<0.05). The activity of serum SOD was significantly
decreased in the 0.78 mg/kg group compared to the 0.12 mg/kg group (P<0.05). The level of
malonaldehyde (MDA) was initially decreased and then increased along with the elevated dietary Se level.
Japanese seabass in the 0.60 mg/kg group showed the lowest level of MDA, which was distinct from the
control group and the 1.0 mg/kg group (P<0.05). These results indicated that 0.60 mg Se/kg (diet) might
promote the growth and the anti-oxidative ability of Japanese seabass. Quadrate broken-line analysis with
specific growth rate (SGR) showed that 0.63 mg Se/kg (diet) could be optimal for the growth of Japanese
seabass.

Key words Selenium; Japanese seabass; Nutrient requirement; Middle growth stage
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