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mg/kg ZA ;B RENFHENONER AR FEEFERMERE 49 mg/kg WL B F
BRI, A IR R AR A K E R InACEW R, SR T 2 1k
HMEHCEWY MRS MAEAN AL RERmEH 0.6 %3 49.0 mg/kg B, 4 LA
P T LR ERNREEREAG . EY4 4 F ERMERXT 49.0 mg/kg &, BLA fn i
PALREWREEZ AR E; MR P RRInEL R E 0B R oM SN RE %
RERTHEEFERMA BY D EAEB AN RFREEELL R ERANEN YT EF
FE AR ELERE RinERZ 98.8 me/kg B, M F A WHEf EAMREMR G, K LR,
M EKA RN EEF EZE R MEN 60.5~98.8 mg/kg,
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1.1 A& RLWigit

WE T 2006 4F 5 -7 A7E) R RIEE K™K
B OHEAT, B8 B R W X, B A S 7
o ERR (R 1) PR 2 J LR HGE PR AR
. B3R5 H, BHE 3ANEE B PHKE
#(10.1+0.5) g B 300 BAE#BENL 73 7E 15 4
1.5 mx1.0 mx1.0 m WD, B85 20 B, &
HABBEEERFARE(P > 0.05), M4HE
Z E BRI (F RAR R LR E B
B,1~5 SRR HAEEREHROHR
#H),25,50,100 0 200 mg/kg ( SLfr4EE R E &

&, 44E R EBREREINE) B, LAks 44
BN TN, 4RI R A B SR K AR
—3ARBHATIR AR, HHAESTE 0. 45
mm K547, KWL R AR 2. 0 mm f
WECRREL, 50 CTHFE U T, BT - 10 THKAH
&R, BEdENSSHENPREERE &
E%0.6.24.7.49.0.98.9.198. 2 mg/kg, 535 H
EO ( Xﬂ‘ﬁﬁgﬂ) \EZS \E49 \Eggﬁ EIQS%%E_\‘O
1.2 RAFEE

WFRAKIR RSt A BB E oK R i3
BB HMK; KR 26.5 ~32.5 CEL,BXR
75, BRJEIR . KIEBESE(DO) =6 mg/L, £ )F
28 ~29 NH,*-N<1.8 mg/L, K&k FEHAK
RECOKEISZHREEGH 4K) .

®1 EMARAREEFKE

Tab.1 Composition of the basal diet and nutrition level %
o HE BB AF
ingredients percent nutrition composition level
fa%) white fish meal 50 THI5 dry matter 91.27
¥ soybean meal 9 HEH crude protein 43.74
E2EE¥; beer yeast 3 HIEWS crude lipid 12.61
/NEH wheat meal 25.7 MK 4y crude ash 10.78
i soybean oil 2.5
i fish oil 3
S nzA|? attractant 0.3
BR#ERE lecithin 2.5
B YRR R mineral premix 2
A EWIR KL vitamin premix 2

Ea. ENI0FN] HERR, WM b, ¢ Z2RCOR[ 1 ERESE ST WHNESREER  BIEEH;

b. B kg BRPHEELETIBK . NaF,2 mg;KI,0. 8 mg; CoCl, - 6H,0,50 mg; CuSO, - 5H,0,10 mg;FeSO, - H,0,80 mg;
ZnSO, - H,0,50 mg;MnSO, - H,0,60 mg;MgSO, - 7H,0,1 200 mg;Ca(H,PO; ), ,3 000 mg;NaCl,100 mg; zoelite,15 450 mg.

c. B kg AMPEERTURRS LAER B, ,25 mg; BHEE, 45 mg; 44K B (BRBRMMBF) ,20 mg; 44K By,,0.1 mg; AR
K;,10 mg; JJLEZ,800 mg;iZ R ,60 mg;{HER,200 mg; MR ,20 mg; MK ,1.20 mg; 4K A,32 mg; 44K D, ,5 mg; f£4EF C,2 000

me; SALIERE,2 500 mg; Z HEET 150 mg; KK, 18 520 mg

Notes ; a. attractant; glycine,betaine;b, c. mineral mixture and vitamin mixture after reference[ 9] ;b. Mineral premix contained( in per kg
diet) : NaF,2 mg;KI,0.8 mg;CoCl, - 6H,0,50 mg;CuSO, - 5H,0,10 mg;FeSO, - H,0,80 mg;ZnSO, - H,0,50 mg;MnSO, - H,0,60
mg;MgS0O, - 7H,0,1 200 mg;Ca(H,PO; ), ,3 000 mg;NaCl,100 mg;zoelite,15 450 mg

c. vitamin premix contained(in per kg diet) : Vg, thiamin,25 mg; riboflavin,45 mg; Vg, , pyridoxine HC1,20 mg;Vyg;5,0.1 mg; Vg ,10
mg; inositol,800 mg; pantothenic acid,60 mg; niacin acid,200 mg; folic acid, 20 mg; biotin, 1. 20 mg; V, retinol acetate,32 mg; Vs
cholecalciferol,5 mg; V- ,2 000 mg; choline chloride,2 500 mg; ethoxyquin,150 mg; wheat middling,18 520 mg

HFREET 4 AERIERAKLER3.0%
MR, G 4 A 2. 0% |, [F B2 AT — K E 5
TEREE, B RXEMEBHIK(9:30,16:30) , 8K
43 3 PR, R (] R AT A 24 10 min 74
1.3 $EHRNE

AkFgmalE 2ad8 ANREKRZE, X
BRI AE KRR SR TIE , HEARN:

W,
== x 100
W,

13

HATE (HIS, %

Rk % (FER ,% ) = (W, - W, ) /F x100

J 1% # (survival rate, % ) =N,/N, x100

WER(WGR,% ) =(W, -W,) /W, x100

¥ % 4 K & (SGR,%/d) = (LaW, -
LaW,)/t x100
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AP W, —F: RESHAKEBE(g);W,
—WRE A Gt R A E (g) 5t — A RE
(d) ;F — ¢ RNEBUGERHR (2) s W, — B¢
RIGHEBERTHIAE (g); W, — RN &4
BRI (g) N, —% ¢ RIE&HE B
(B);N, - Wi ama bk (B);W, -5t RXg
B ABTHFRE(2),

AT EARINNE  FANTEER
EHLZE E1 HLARIE /K 43 JBLIK 43 00 90 2 i B B 4
GB/T17812 —1999 . GB/T6432 —1994 .GB/T6433
—1994  GB/T6435 — 1986 ., GB/T6438 — 1992 ¥
wE™,

S HE T 8 ) AR B B A BAMK B
BalE (1) MERGRE S, RE Rk
My, RAeMmAEFRFHEL b, BRTF 4 TRK,
SRJ5 2 000 t/min B> 15 min DA B3 1240 85
AHEFRRI

(2) M IH ARSI 2, LA sigma 324509
VREEMIREG T R Y, 2 B EBEE" s
HEAT o

(3) AR BIEMNE , S RIEIES" gy
B, MRS, I MAMARE M (U) = 1/ 3%
B < BRAEH

FRIEAMAAR Y RAEEENAZ Ei)
GUhgE R E WIES RS 4% B
FREIEENE

E & TN Ny A RS R OFHIE +
FrEfm R RN . IR EIE R A DPS v7.55 4
R RE R T Z 0T AR/ B EZREXTE
Bkl A TR E HE AR HEAT 0 BT AL B, P <0. 05 Bp
A BERER . BIEAEL EEIHERITE
Fi Excel ¥£47,

2 4R

2.1 #EREFEHMEXELH EREEET
M 208 AR, SRS EER,
PR R e KRS R 2, Bk 2
A DR AN 4EAE R E XESTRIAE K B
#(P<0.05) ,FEE B HHELERE RIMEMNO
B3] 49 me/kg B, AEHTRYIEE RANR E KR
BERR (P <0.05) R BB H4EERER
BInE I 49 mg/kg PR M E R EER
REMALE R ML R E FRR AR
TR B2 R X R4 (B, ) , (BA IR B9 Rk
MEEFABE(P>0.05),

R2 FABSER EKEXNEHEK FREEEER D
Tab.2 Effect of dietary vitamin E level on growth and survival of Japanese seabass

EO E49 E')') El%
¥ E (g) initial weight 9.90 £0.20 9.79£0.33 10.63 +£0.21 10.35 £0.60 10.97 +£0.57
PR E (g) final weight 21.60 2. 16 23.72 +1.03% 28.68 +1.08° 29.15 £0.13° 30.92 £1.95°
WE 2R (% ) weight gain rate 118.18 £2.65*  142.29 +4.58"  169.80 +2.08° 181.64 +9.84°  181.86 +5.86°
TS (% ) feed efficency 74.46 +4. 732 86.25 +2.52° 82.96 +2. 65" 90.39 +1.73° 87.81 £1.53°
HEEE K 2R (% ) specific growth 0.61 £0.022 0.69 £0.06" 0.77 £0.04° 0.80 +0.02° 0.82 £0.07°
JF{EF5% (% ) hepatosomatic index 1.51 +0.0212 1.45 +0. 0252 1.30 +0.068" 1.47 £0. 042° 1.49 £0.015%
R4 #( % ) survival rate 81.7 £0.89* 88.4 +2.85" 88.4 +1.12° 90. 7 +0.90° 91.2 +5.31°

&R P RARF RN ER R ER BF (P <0.05)

Notes; Data with different letters in the same row mean significant difference( P <0.05)

AR E BK-FSHERERPES,
BRFTERERBRAELMHZAE, BIESRS
BRAMERNERPHAERE BEFNES
60.5 mg/kg (& 1) ; LI4EAER E BINAKF S5 E
ERBERNEL, Bl TR B RS HRELHE
RRUE , RIS RE B R R E A KRR 4

AR ERMRGINE N 58. 4 mg/kg (B 2) . T
LI (By) BRI, HAR 5 MR H G R 2
FABE(P>0.05), WFR2 LA H, Amd
HEAGS N 49 mg/kg 4EAE R E 20 B9 AT 48 $okx
MNESHRAMEMXBAERBE (P <
0.05),
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50 100 150 200 250
FRgEERE 58/ (mg/ke)

dietary vitamin E content

1l RESAMNEERSHMEEREQENXA
Fig.1 The relationship between weight gain rate and
dietary vitamin E in different treatments

Q
)
= £ 1.0.y°0. 0033x+0. 6081
\ﬁ 0.8 R=1 4%
3= 0.6 y=0. 0002x+0. 7801
¥y 0.4 =1
& 70
E;; 0.2
g % 50 100 150 200 250
w

R RE 58/ (mg/kg)

dietary vitamin E content

H2 RRSEMNBFEERES
FBEERESBHXRA
Fig.2 The relationship between specific growth and
dietary vitamin E in different treatments

2.2 #EREFRAFEMEXNESHAAREIZ
o ARRAEASKS HER RS E L
R, HFHEEF AR ARG SEEZFA R
Z(P>0.05), KEATLULLER E FINE 49
mg/kg AWHER S BE R, HEE /R TXHRA
FIHA X I A F K (P <0.05) 6

2.3 HEREFRRAGFMEMNEHHARAPLER
E RREHRIE

$#ER EARABMENEFHAPHEERE
FERIERILE 3, HIE 3 WX RAER P Y
AR EHRRERM, SAN AP HEER E
MBEFEE B P44 R E 350 & 38 m 7
B, AARRH SN RAZ G2 RERE (P <
0.05) , fiPkt 44 R E BNETE 0.6 ~49 mg/kg
i, ARG L AT RE P 4R 42 R E B9 R ERE R
YR E BN B30, TR e A R
E FInE7EAE 49 me/kg ZJ5 , HAFREAALA +

#EREHREETUABZE(P>0.05),
oJJLE muscle

vitamin E concentration

HEEERETRRE / (Lg/p)

e R ERINE / (kg/mg)
dietary vitamin E content
E3 AREERE XNEGHARA S
®4REFRENTN
B EARFEIMINER T 23 83 (P <0.05)
Fig.3 Effect of dietary vitamin E level on tissue
vitamin E concentration in Japanese seabass
Data with different letters in the figure mean significant

difference( P <0.05)

®3 APhELER ERMEX LG AR R0

Tab.3 Effects of dietary vitamin E content on the muscle composition of Japanese seabass %
EO E49 E')') El%
. KorE & R 75.45 £0.87 74.89 +0. 66 74.56 £1.58 74.68 £0.95 75.12 £0.56
moisture concentration
i)
. 6.32 £0.53 5.67 £0.35 5.44 £0.25 5.78 £0.17 5.77+1.30
fat concentration

HEA 15.14 +1.622 15.89 +0.19° 16.58 +0.21° 15.77 0. 88" 15.84 +0.07°

protein concentration

&R RARF RN ER R ER BF (P <0.05)

Notes; Data with different letters in the same row mean significant difference( P <0.05)

2.4 HHEEEFRRHRMEI LM FEEERE
A B AMEE R R

PR R e A B B K SE 3 76 5 1 75 7 B
B PR BAMATE R R 3R 4. R4 WL
& i, XA By AR EEHE M SAMATEERI,

S HARKE 4 892 57 B , 7695 1L 75 7 o B
TSRS P BEE 4E 22 R E 500 £ 38 hn i 7+
B FER IR A 2] 98. 8 mg/kg B, 7 TR W AN
BAMATE RS
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R4 AR hAELEER E XEGMNTE R R R MR R R R
Tab.4 Effects of dietary vitamin E level on the serum lysozyme activity and

total complement activity of Japanese seabass

IU/mL

E,

E49 E')Q El%

BHBEE N

lysozyme activity

B

total complement activity

1.52 +0.05%

84 £3.29%

1.62 +0.02°

101 £5.04°

1.63 +0.02° 1.77 £0.05° 1.71 £0.05°

104 +2.93° 104 £1. 35° 105 £5.01°

&R P RARF LN ER R ER BF (P <0.05)

Notes; Data with different letters in the same row mean significant difference( P <0.05)

3 g

3.1 #ERESRHFERSEFEENXER

B EREMAER P IR R & BR4EE R E
Frits 8 A)G, RABERGEZHER EMBH
HEHER G, FR R, FERBI4EER E
MR, s ORI BAAREE, 11
BHEE RTINS 2 B8 49. 0 mg/kg i}, IHE
R EERFRI—FE(R2,E1,E2), X
SLZRR RRP4EE R E REEIESTIEFAK
FrbTRRIEFRTUR, RINERARELE REF T
GRS P YRR R E 7 & 560. 5 mg/kg
58. 4 mg/kg, X — 45 R\ T 78 K 7 ¥ (Salmo
salar) (35 mg/kg) " | 7432 % ( Roccus saxatilis )
(28 mg/kg) "™ FHBEA (Sebastes schlege) (45 mg/
kg) " # B 55 o 48 B B B, B AR TR ur o
( Salmo gaidnerii) (100 mg/kg)™ | # & &
( Seriola lalandei) (119 mg/kg) ' W HESE 15 3]
HIBUE, 3T BE-5 Skl & B RN R Y 2H AL A
T H M SR A RN BRIRR B K LR A
HELZMREAF R, BRENYES R E BBIEBEL
AR, MEER Ed BB RRESFH AR A
KEBTMRERY, YR EERE R
I &5 49 mg/kg i, S E R AERE
e K RGINAN B, F g bs RO A BT P RE,
BEAES R R 4E4E K E B NIE Y, 53 4b
FEAREG 1,49 me/kg RPRHE T ds $i /), B
[FHERRAH R M ERF B (P <0.05) ,&WH
Bh 4R E 58 X s A= LR —
FERIE ,ALSVRE P 4EE R E BNinE o S alad
AR &5 A P R B3 K, B 46 95 T JE AF %
HIAEHTh AR

KPS E RO, FFREFIAL PY o 48 4=
REHAZER - MEEAER EFTHEENEER

R, BYH AR E SHAPYELER E BAH
BN, ES%ER ENRYRREAK™ Y
i 4eA K E R REW B3gm, Ak, 4
AR EBIMETE0.6 ~49 mg/kg I, ZE45 T IEA
WA 4A R ERREN B SHERNEN
L, AR A 44 R E S B AR Z
#F IR —Br A IEE, R R BT F
oo XNER 51K N4 (Sebastes schlegeli) (2] ey
HISE A , AL IE A W] BB E— 1 4E
AR ERCE, FIEFMULPIHR P Y4ER E KR
REE KRB 4EE R E M3 mim A, 25245
KB A FERER R P 4E 4 R B BIgInT
EH

TR EE R4S X E BB LA
BEFER, WP Z Sl w4 X E #6E
S PR H RS 2R, AT R b s 44
2 EXIESUINIEN S BHEBMA R, BRGKRZ
BEREAGFVARESEME, BER%E4EEE
AL ERABE (P >0.05) , X&ERE
Sau Z ™ gERST RIS, H U E B RN AE R
E RS EO RS2/ ERS,
3.2 #ERESEYRRIERHNXE

BHEEE MRS FEAWREBEEER,
FECRETE AN, Marja 57 18 , 76— E R
B, mEHEE S R SER RGP A
H%c B 2Rk —2, B AIEE E 2, i I sl
¥, —FHIEMR, AURERN 8RR I
YEAE R E BB W0 ML 15 7 B RS o, T A0
BEAETYEA R E R 80 d j5 , H i &7 B S
HAHIFE™ 5 LR RMAAL, AR PR R
hEIN4EAE R E BB 1R R L O I VA TS
P, SR B RS R P 4R R B B2 3%
b, RA4EE R E RGO A E IS
PR DI, B4 A R E RINEIHEA RS E 8T,



100 K =¥ R 33 %

RN R EYEE R E 5808 295 mg/kg 4R
Fry e M T 2 B R S BB 28 ek 11K
AAE P, HEGF AR E FINEXET 198. 2
mg/kg B, L5 7 B8 B 0 1 S TR B AR, 3R
LAV RBP4 R E RMENEY,

MER—Fh IR B ENIES R R e E
To ASRERY, BB 5 300 mg/kg f4E
4 & E B B FE 2 5LV 85 ( Dicentrarchus labrax)
BOAMAIE 1,600 me/ke BY4ELE R E Xf 43k 6
(Sparus aurata L. ) L35 BORMATE A ™
{61 200 mg/kg B4 K E M B, &
B, PR IER4EA R E 5, MF
EAMRE R E TR, RO g R
E W] LA B 58 3 MR A6 kA BT A AR RS 1 1 1L T
B, AR 4EAE R E gk Z 8RR A SR8 IE
KRB IRE T M,
3.3 “HEPPREHELERE SERHWE

A I, a0 R DA B AR A KR i
Yo, WEHEE R E FERRZ60.5 mg/kg W, T
WA B 28 P ARDRE R BRI BT BB, T LA
MULA P R4EER E S BERIELER EHm
849 mg/kg MHARIRRE , B UeH) 2 DL,
HHFERERBRENANEEREFTEZRERE
60.5 mg/kg A, MNBRENTES B, ARFEEA
KM EAHAEERENREREFTEEAM,
Montero % ') ) fi 3% ¢ J B & 5 BT M TS 1) A
AMATE M AR , A & K 8 (Sparus aurata L. )
BE4EAER E 85 250 mg/kg BB, it 5
EMPUR S BIR; RE4EER E S84 300 mg/
kg WRBH , 3K B 9 40 B B 2R AR T 1k L PR IR AR R
EHBGRT T, ARReb, AT RS AR
WEWSFHERE , L R N —EEENEE
AR E IR S TR 4E4E R E O498.8 ~
198.2 mg/kg Bt , VEPE M TE PEBER , SR T P ]
FTE 24.7 ~198. 2 mg/kg BR, GR A A RE N
PR LU, s 4EAE R E 1A598. 8 mg/kg APt
RS PATEGR BN ), & B IR, S A K
HRERENFAB4EER EFEE R 60. 5 mg/kg
Zh  PREERNPIR AR E R ERFEER
100 mg/kg e, B, AR F R LK,
TERREREVIE GRS ESP4EER ER
&8, BN 60. 5 mg/kg Ky AL 13 %] 98. 8
mg/kg 74
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Effects of dietary vitamin E supplement on growth,tissue vitamin
E concentration and immune responses of Japanese
seabass ( Lateolabrax japonicus )
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Abstract: An experiment was conducted to study the effects of dietary vitamin E on growth ( weight gain
rate ,feed efficiency ratio, specific growth rate and survival rate ), vitamin E concentration in tissue and
immune response ( lysozyme activity and total complement activity ) of Japanese seabass ( Lateolabrax
Jjaponicus) . Five iso-nitrogenous and iso-energetic diets were formulated to contain graded level of vitamin E
(0.6,24.7,49.0,98.9,and 198. 2 mg/kg diet, respectively ) and fed to 15 floating netcages(1.5 m x
1.0 m x1.0 m) with 20 fish (initial weight; 10.1 g) each twice daily(09:30,16:30) for 8 weeks. Results
indicated that after 8 weeks of the feeding trial, weight gain rate, feed efficiency ratio, specific growth rate
and survival rate of the fish fed with the control diet were significantly lower than those with vitamin E
supplemented diets. The weight gain rate and specific growth rate increased significantly with increasing
dietary vitamin E from 0.6 to 49. 0 mg/kg and the optimal vitamin E content for maximum growth is about
60.5 mg; Moisture and fat concentration in whole body of Japanese seabass were not affected by the
supplemental levels of dietary vitamin E,but the protein concentration increased significantly with increasing
dietary vitamin E from 0. 6 to 49. 0 mg/kg. Meanwhile, the vitamin E concentration in liver and musle
increased significantly with increasing dietary vitamin E from 0. 6 to 49. 0 mg/kg, but no significant
differences were observed among fish fed the diets with equal to or higher than 49. 0 mg/kg of vitamin E.
The serum lysozyme activity and total complement activity of the fish fed with the control diet were
significantly lower than those with vitamin E supplemented diets, the serum lysozyme activity and total
complement activity of Japanese seabass increased significantly with increasing dietary vitamin E
supplement,and the Japanese seabass had the maximal level of lysozyme activity and total complement
activity when fed 98. 8 mg/kg. Based on the information above, the optimal dietary vitamin E level for
optimum growth performance and immune responses in Japanese seabass is from 60. 5 to 98. 8 mg/kg.

Key words ; Lateolabrax japonicus ;vitamin E ; growth ;tissue vitamin E concentration ; immune response



