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ARRARLEER A SEX e ERKH
75 £ W iSRRI 7

B, F B, BEFF, ZRA,
1 1 oz 1o
KER , T2k, XKE
(L EEFERFEKFRHBAT R EALRE, ILAR F5 266003 ;
2. 38 BB AT IR B ROR G, U1 RS 6100415
3.pEAMm R (R TR ER AW TS AL, IR FE  266580)

BE: UBRZAMARIEOR, 2 MEI B AR MEAREFAANEALRESG DT
SR LA B R ARN T AN ELEFARBREE AL TN EE R AL ELD
0.1 000.2 000 .4 000 .8 000 F2 16 000 TU/kg( 5 3| 4 & % 245 .1 005 .1 835 .3 781 .7 583 #
15273 TU/kg) ,BEH H 6 AERFRWIREAR(AR1~6), ULFHILHNZ, EEN
RARZEFHATAHI ANAKELR , KA FHNARFIRAEELERT AL EN LY A KD
FEAENERN P, FREXW . B ELEZTAA(AR L) ARWILY £ R E
FAEBREWATE , FEARREN K XA D UR BTG FEE T ABZE,
MEXMELERTAFRMA(AB2~6)FRBAENER. KRS LM EH AR F LR
SAEZAGECLEN WY EAEH G E  EXBARMAAI WA ELRAEEY W, ik
P MFEREAONMKA - EAR AWM EEZT AL ELREN LY L F w5 R B (AKP) (H
WZB(TG)MEEHB(TC) 22, ELXRRRARAEZH B (ALT) M RA AR ALK
HEE(AST)E . RAFEAEA LUHEX A TFMNEAE, LFEXEARFTELERTANT
KEA1934.8TIU/kg; LUMEEERAGEN TN LT AT ELELTANT
k& HF 3546.6 TU/kg,

KB b EERA; EK; FK

RESES: S963.7 MERER DA

ek R A R HA I A YT v A
BRI, S H L P R 4R R A L EE B
i (retinol) | f ¥ ¢ ( retinal ) F1 ¥4 &% % ( retinoic
acid)3 ML, 4E4 R A SR NS 5 2 Fb
Az BERNE , A0 45 A2 HE Kl 22 G R, 4 5 20 A
B2 R 58 B PE K 0 Vs 2 5 0 O B A
JHL PO ) o ——— PR 5 £ 5T, %o A A 400 o R 1 ek
A EEAEH I S S Re B
KR RN A B E S A HY KR,

Y75 B #3:2014-07-24 1& 5 B 81 :2014-11-04
HERWA : HK AR # 54 (30901108)
BEEH . LK, E-mail : ghai@ ouc. edu. cn

R AESh W4 R A BT K A B ) BE AT 90 L 3K
A KA 8y h 7 A2 16 30 58 5 Bl 2R sh ) A AR
KA, I, 44 R A &R SRES YA
BORZE S el I, iy 3K A 3 W AR T B B
Bk R KA Sy v 4 A R A 75 SR i W A7
TERE K 22 5o Bl 4an, 4T 6% ( Oncorhynchus mykiss )
AR ZR A IR 2 500 ~3 500 TU/kg' ™ 5 4L
4 4t (Poecilia reticulata) 3P 4EH 2 A BT KN
2 000 ~4 000 TU/kg"* ;i ( Cyprinus carpio) i 4 2
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£ A 17k 884 000 ~20 000 TU/kg"” ' | i F
@®f ( Paralichthys olivaceus) W 4= % A )75 B &
ik 10 000 TU/Kg L) |7

£ 85 ( Lateolabrax japonicus) J& A £ 4 X 56
28, LA 5T A0 L R Ol B S8 IR 2 AT B %
AE B A R RE PR, 0k B R R ) 3 S R B
TR BN, RREEKFFEN FLEMEZ —,
HH A RAL S E FR A W5 AT D RHRGE , 00 20 1)
S8 T RIS R R R R e A
DR A B398 I A ) BF 5 3 A A < AN [ B s D AN
K& Mg PR A 8 A K | 2 200 I Y A R 3 A 1 52
Wi AR RDRL R S BLRE AR LAY ST e R
C X AE 25 A e S B AR i R bR i A1 5
i A6 5 2 A AR R R RO T s
TRk v B W) BTN AE B AR K 52 e S A £ (R 2H
UER BB SE 5 48 B X AR R R R B R
FIVRS %2 18 75 SR WO BF 9517 5 46 55 0 4 o) o 48 2 R
B2 \B6 .17 B IR R B R 1O B9 0 AR SR
DIFES g0t 52 WE58 1 ik p ARl 4R R A & i
XAE MR B IR A R R AR R A B
DAz I A A 38 BR B 52 e, 5 7R PR A 8 00 R 1
TR R e A R OR, LU S A8 B A T ARDEL Y
TF R FNA) 4 AL BRI A

AR ik

1.1 sSEIg A a6 fE

AT 25 1 R0 B R Oy A R, L R £l
JIR 5 8, ARG SR W R, 48 TR AN O R A R, TS
R E IR AU AE B By UK S S IR A =X, TC 1) 1 RS
il B Al R R (2 1) o AR5 T v SRl AR} b 23 S s
Jim 0.1 000.2 000.4 000.8 000 F1 16 000 IU 4k 4=
R ACKEAR A BTREEA G ) , BHl 6
FRAGRER LR kL (Diets 1 ~6) o @ B0RAH 1
ek T SRR P ST PR AR A B AR 4Y
W5k 245, 1 005, 1 835, 3 781, 7 583 Fl
15 273 IU/kg.

25 B R EURL 3 5 8 6 S 80 H Y i Y
SRJE N 2 T EORHE & 1 50 B 5K R B K
W FE 1R 5, OSUBRAT % 2 P [ A i BT R 7,
F-26 (11) ] Jn T g 7%, 45 C HEAS 8t T 2 K 4
B 9% ~10% o WAL U IS A5 3 P R BORL R /)N
AR (1.5 mm x3.0 mm Fl 2.5 mm X
4.0 mm) ,##H T - 15 CTHHA.

F1 AMNERESRSE(AMTE)

Tab.1 Formulation and proximate composition of

the experimental diets( dry matter) %
JEUEL ot
ingredients content
EH (A4 %) casein( Vitamin free) 36.0
HH i gelatin 9.0
Wik dextrin 28.0
filf £ 71 menhaden fish oil 7.0
.yl soybean oil 4.0
IR A & LR amino acid mixture' 4.0
DR NE lecithin 2.0
¥ ¥R AN sodium alginate 1.0
a-£f 4 % a-Cellulose 3.0
FEHLER IR A% mineral premix’ 4.0
HERBEW(REREAER A) 50
Vitamin premix ( Vitamin A free)?
FH N4> (n=3) proximate analysis(n =3)
# K protein 43.2
g Wi lipid 12.5
7K 43 moisture 9.5

Wl A AR (% B TH): RLREMR,1.25%; H AR,
0.02% ;N&AR,0.67% ; K& &R ,0. 73% ; Bt A R, 0. 04% ; 45 &
2,0.13% ;s H R ,0.29% . 2. THLEL IR AW (mg 5 g/ke k)
AL ,2 me; AL HR,0. 8 mg; SALEN (1% ) ,50 mg; i BR 4 , 10
mg; B R Bk ,80 mg; B MR $F,50 me; fil R Hh ,60 mg; HiiAREE, 1 200
mg; PR &0 5,3 000 mg; F AL, 100 mg; il 485, 15. 45 ¢. 3.
A RIBEGY (mg/kg) 4E4 R B, ,25 mg; B4 K ,45 mg; 44
# Be (FhMMLME HE) ,20 mg; 44 K By, ,0. 1 mg; 4i4 K K, 10
mg; JJLEE,800 mg; A % By (YZHR) ,60 mg; MHER ,200 mg; M@,
20 mg; B R 1. 20 me; 4E4E R Dy, 5 me; 44 R EL 120 mg; 44
% C,2 000 mg; Z (L MHGE,2 500 mg; 2 5 K ws ik, 150 mg; /3
3,14 044 mg

Notes:1. Amino acid premix( % dry matter) ; Aspartic acid,1.25% ;
Glycine, 0.02% ; Alanine, 0.67% ; Arginine, 0.73% ; Cystine,
0.04% ;Valine,0. 13% ;Methionine,0.29% . 2. Mineral premix ( mg
or g/kg diet) : NaF,2 mg; KI,0. 8 mg; CoCl, - 6H,0 (1% ),50
mg;CuSO, - 5H,0,10 mg;FeSO, - H,0,80 mg;ZnSO, - H,O0,
50 mg; MnSO, - H,0, 60 mg; MgSO, - 7H,0,1 200 mg; Ca
(H,PO4), - H,0,3 000 mg; NaCl, 100 mg; Zoelite, 15. 45 g. 3.
Vitamin premix ( mg/kg diet) : B, ,25 mg; B, ,45 mg; B,,20 mg;
B,,,0.1 mg;K;,10 mg;inositol,800 mg; B, ( pantothenic acid) ,60
mg ;niacin acid,200 mg; folic acid,20 mg;H,1.20 mg;D,,5 mg;
E,120 mg;C,2 000 mg;choline chloride,2 500 mg;antioxidant 150
mg, wheat middling 14 044 mg

1.2 FHEXRK

S A i 3 2 AR ] — LA Al T KR
WH (5.0 mx3.0 m x1.5 m) %3, L)Ll iE B
(Diet 1) 1f fr 5 W, fif 2 72 ¥ 3 N 52 55 1) B} A 77
SHIRBE . B FRES WG, S LR 24 h, O ik G
WS, B8 —FREE, PRI IR A fat RS — B0
FE65(10.20 £0.14) g BEHLAN 4, W FF T2 M K
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o 39 %

R4t 120 L Y J5x 2 G 8 R N, i 7% % B2 O 10
R/ M o BEFPRDEHEE AL W 3 A S 08 A R AR
QWM. FHH 1 ~4 MR 1.5 mm x
3.0 mmApgiA R, 5 5 ~ 9 B M 2.5 mm x
4.0 mmfy ik, BEREBCMET 1 h Ry, RS
1 hg B R iz fa okt JF Bt T PR B 4 K s % 1)
WA A D SRBCE I PR, S A K &0
UE \— AP uE R vp <, K &R O 1 L/ming, K
#27.0~30.0 C,EhF N 25~28,pH K 8.0 ~
8. 1,V & HAE T meg/L 2y, W9 Ji 5,5
gl 24 b JF i, AR BEAL L 3 A1k
By, FH 1 mL f JC T T S A DR e K OB, 7 A
WMLV J5 ORAE # T, FEA% 10 £ 42 A B i 0 JBORE o B
FEJG I AR AE T - 20 C ok b, 1 v 1R 77 T
-70 CrkFE

1.3 #HmaomlERE

Tl A R Ak A A R R S B 2 BT 4
R AOAC i)y ik ™ o Hok 43R il 105 Tl
O, 8 ORI R B IR e Bk IR R &R
FCHl 29, JK 23 J& 2R ] 600 T Hypeda &k, fFIE
I 0 R FHY Foleh 48 'y 1 5 o 10 5 A4 i PR
(AKP) [INZ IR A5 % 1 (5 N ¥ & W, ALT) |
KA TR R HE e F il (4% B 5% &, AST) L H il
T DL e ) SR P R A ) R
BRI e 2 BRG] AmDRE | I v R I 4
HEF A SR R SORAR Gk
1.4 HERZITFHE

16 F % (weight gain rate, WGR,% ) = (W, -
W,)/W, x100;

g 4 K R (special growth rate, SGR,% /d) =
LoW, -LnW,) x100/1;

1w B} % K (feed efficiency rate, FER ) =
WWG/1, x100;

T H JF 3R (protein efficiency rate, PER) =
WWG/I;

JF4& E ( hepatosomatic index ,HSI, % ) = W,/
W, x100;

For , W W, 23 53] DAy 52 36 A 85 1) 24 A A Bt
WA BT o, ¢ Sl L KK, WWG 2y I8 58 i (wet
weight gain) 1, F1 1, 73 57 > fa) R R 2R A £8 A
(AT ) , W, Wy 2350 T R4

% SPSS 11.0 for Windows X it 15 % §& 17
T5 ZE TG 43 B o 7E 5 K&K J5 22 43 #1 ( One-Way

ANOVA ) 35 5| i 27K i (P <0.05) , % ] Turkey’ s
Kige i A7 2 8 i, 296 %R i M + AR iR
(mean + SE) [jE .

2 FHRSMr

2.1 ARFAEEERA SENEHFRERER
ERMEREERN M

TN NG 2 A dUiR R AE &, 76 57 8 J5
W B R e T 2, [l AR K% TR BR
Ji IR b 08 L 7T oM DA B B S AN S A R A B
fit. FEEWRIAEAER A SR i, 16 65 1) BTG
R(SR) R FE T . BERNRmgEE R
A Tk} (245 TU/kg, Diet 1) (525541, SR 5484 % A
SrEEA 1005 F1 1 835 TU/kg 4 5 R A B 2% (HE T
FEMTAAR A TRHEEA(P<0.05)(F2), 4
TR AR 28 A 1 i fE 245 ~ 1 835 TU/kg 1,76
fififf 3 E R (WGR) R 4 KR (SGR) B 0%
(FER) I I BiACR (PER) BEE R P 4EA: R A 1Y
TR E FIH(P<0.05), (AR Sk hgiER A
f 5 i T 1835 TU/kg I, fE8T WGR LA .3 .
2PL WGR RiFMHe b, B gEAE R A SRS
WGR Hy5¢ 2 T AR KRl ¥ =517.5 - 0. 20 x
(1934.8 = X) , BLBf A6 Xof f e Hp 4 2R 6 A TR oK
R 1934.8 TU/kg(E 1),

W

W

(==
1

(]
¥=517.5-0.20(1 934.8-X)

~
)
S

Y X=1934.8 1U/kg

WEX/%

weight gain rate
W
i
(=}

N
W
(=)

Wi
S

0 4000 8000 12000 16000

TR EASE / (IU/Kkg)
dietary vitamin A level

1 AMEERASESHYEEENXR
Fig.1 Relationship between dietary vitamin A

level and weight gain rate of Japanese seabass

2.2 AMPAFALEERA SEX R HEE
VAR KR

b N ) B R 4R R A I R AL B
S LR 105 MUK 3 1) 5 1 (P < 0..05)  fHZ XS H
EARK IS SRR (£ 3) o BEHEFER
A A SR TE R AE 6 B OIS D7 Y R
FHOM(P <0.05) , FFAEHEAER A F i m A
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(15 273 TU/kg) 3k B KA, (H 2 IL AL FE B By 4K 1 835 TU/kg 41 (P <0.05) , Hop 45 41 2 [ K 73 FF:

MRy AR R E M T AR A SRS KRB EBEESR

®2 AASERASENANFTERY I AR ERTR WEER,
BEEKZE ARNBLENEARAENZ M
Tab.2 Effects on SR, WGR,SGR,FER and PER of Japanese seabass fed

experimental diets with graded vitamin A levels for 9 weeks n=3,x +SE
2451 PG AR /g AR g 735 3/ % WER/% FEERKE/(%/d)  FRECEE EAS)p I &S
group initial body weight final body weight SR WGR SGR FER PER
Diet 1 10.20 +0. 14 28.30 £0.91° 73.33 £5.77°  196.57 £ 18.64° 1.72 £0.10° 0.47 +0.10° 1.08 +0.02¢
Diet 2 10.20 +£0. 14 42.21 £0.64° 86.67 +3.33"  313.83 £4.76° 2.25 £0.02° 0.67 +0.10° 1.54 +0.03°
Diet 3 10.20 £0. 14 61.77 £.36" 86.67 +5.77"  505.57 +4.97" 2.86 £0.01" 0.85 +0.10" 1.97 +0.03"
Diet 4 10.20 +0. 14 60.55 £0.56" 96.67 £3.33"  526.19 £3.01° 2.91 £0.01* 0.85 +0.10* 1.97 +0.03*
Diet 5 10.20 £0. 14 61.90 £0.89" 96.67 £3.33"  506.87 +3.18" 2.86 £0.01°" 0.85+0.10" 1.97 +0.03*
Diet 6 10.20 +0. 14 61.15 +1.31° 96.67 £5.77"  499.50 +8.06" 2.84 £0.02° 0.84 +0.10" 1.95+£0.03"

T8 B — SR A A R b bR 5 B BB 2 [ 2% 5 A8 [ 3% (P >0..05) , R I+

Notes: Values with the same letters within the same column are not significantly different at P >0.05,the same as the following

R3 FRLERASENABFTERY I FRIER B

Tab.3 Effects on carcass composition of Japanese seabass fed

experimental diets with graded vitamin A levels for 9 weeks % ; n=3,x +SE

L4l ML HLE DY & s

group crude protein crude lipid moisture ash

Diet 1 14.48 £0.33 4.68 £0.25° 77.51 £0.65 4.42 £0.06%
Diet 2 14.76 £0.53 4.94 £0.23°¢ 76.96 +0.40 4.39 £0.10%
Diet 3 14.51 £0.33 5.30 £0.29" 77.21 £0.50 4.65 £0.05"
Diet 4 14.41 £0.52 5.63 £0.18" 77.28 £0.71 4.40 £0.04%
Diet 5 14.98 +0.47 6.14 £0.15" 76.03 £0. 14 4.40 £0.10%
Diet 6 14.87 £0.24 6.87 +0.35° 75.88 £0.25 4.09 +0.09°

2.3 AN AELEER A SEXNREFMELL,  KEHN3546.6 IU/kg(H2),
FFAERAFIRT AR A S BRI

R4 TRELEZASENANFERS I AR

W Gk AR 3R A SRR BN AE 8 () T FROS L BFRR iR A % A S BHBM
W25 AR WLTEE Tab.4 Effects on HSI,liver lipid and
(%:z 4) Fﬁ%/ﬁ] *‘4’ EF'?E’EE% NS E]/Jﬂ_r%— , HT_HIE/T liver vitamin A content of Japanese seabass fed

Wi & BN R AR AR A SR 1 835 TU/

experimental diets with graded vitamin

A levels for 9 weeks n=3,x £SE

kg 2R B R AR (11.42% ) , A% T A US4 A=

BEELEA 3R A & it/

HALL(15.22%) (P<0.05), JFREAEAER A R Jbe (ne/e)
w4 E R A SRR E EA G, Ak 4 liver vitamin A content
HEAGSERER (37817 583 Fi1 15 273 TU/ Diet1  2.28x0.10 15.22 +0.52° 53.33 £7.75¢
Ke)  JFIEZE A 26 A [ & ik 5 2 3 1 ) op 4 A Diet2  1.96+0.12 12,38 £0.86™  140.00 +6.43°
HAGEBMAH (245,1 005 F1 1 835 1U/kg) Diet3  1.90+0.08 11.42+0.55"  357.33 £15.76"
(P<0.05)(F4), MLIATFHEY4EE R A &8 NiF Diet4  1.92+0.16 12.02+0.81%®  459.67 +14.53°
Mrietrmt kg R A SRSFIE4ES R A S Diet5  2.12+0.06 13.56£1.02  490.00 10.39°
BHXRATLEA TR N Y =457.4 -0. 12 x Diet6  2.1420.10 13.98 £0.77%  495.00 +4.73"

(3 546.6 - X) , BLIFAE 77 05 (DKL 4E A2 R A 97
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O 39 %

600
e 500 5 .
38 N
- L Y=457.4-0.12 x (3 546.6-X)
= S 400
<r1:< :
.2 300 \
& £ ‘X*3 546.6 TU/k
HE 200 - : g
:\H‘S‘:\{ ﬁ(, ]
H.2 100
== H
0 . , \ ,
0 4000 8000 12000 16 000

TR RA SR / (IUKg)

dietary vitamin A level

B2 AREERASESRYHEEERAAENXER
Fig.2 Relationship between dietary vitamin A level

and liver vitamin A content of Japanese seabass

2.4 APPARAEER A SEXNEFMFTEN
=ty kAl
BEE fARE R 4E A R A S R TR, AE B LT

ok P W IR B ( AKP) 5 R 3 T (8,50 ~
30.56 U/L) (P <0.01), N % k& 3% % %
(ALT) Fl K & % R 2 H 5% 7% il ( AST) #F s 35k
Fes Thm g a4 (P <0.01) (£ 5) . 7E4K
HYEE R A B aE Ik B 0R S R & (15 273 TU/kg)
ZHi,ALT fil AST 5 B 2 &A% (11.41 ~5.31
14.26 ~6.71 U/L) , ik 3| & @ 7 & 5 LA BF [
FE(7.24 F17.82 U/L), A& & 1f 3 H b = P&
(TG) FJHE B (TC) & & 5 P Fh e 2 B 19 22 1k
GEA s, R R ETHE T BB R
(P<0.01) , fEM B 4E4 R A & &3k 3 s
(15 273 TU/kg) Z 7if, TG fil TC & &35 &
%+ (0.61 ~ 2.71 mg/L F18.27 ~45.93 U/
mL) , 353 f & A B 5 XA BT T (2. 45 mg/L
#136.70 U/mL) ,

£5 FEGEE A SEOEBRMES 9 AEX DEEFORM

Tab.5 Effects on serum parameters of Japanese seabass fed

experimental diets with graded vitamin A levels for 9 weeks n=3,x +SE

SRl DT TR i/ R R A i/ REBRBHF R/ o =g/ JIE [

(U/L) (U/L) (U/L) (mg/L) (U/mL)
group AKP ALT AST TG TC
Diet 1 8.50 £0.14° 11.41 £0.21° 14.26 +0.41° 0.61 £0.07° 8.27 £0.63°
Diet 2 12.50 £0.57°¢ 7.88 £0.34® 12.66 +0.42% 1.32 £0.07° 15.70 £1.41°¢
Diet 3 21.13 £0.36" 5.89 +0.23"° 11.99 £0.37° 1.17 £0.18° 28.44 £2.47°
Diet 4 23.28 £0.21° 5.47 £0.28" 9.35 £0.38° 2.31 £0.20° 40.70 £3.77°
Diet 5 23.78 +0.29° 5.31+0.33° 6.71 +0.329 2.71 +0.15* 45.93 +3.07°
Diet 6 30.56 +0.50° 7.24 £0.16™ 7.82+0.28% 2.45 +0.20a 36.70 +1.55%

3 it R B AP E, ARG EABET PR, X5

ASZIG AAE B g F 5 R G 38 2o K ) il )
BRI &R 4R R AR R4EER A
KT (R BRDRE R AR B A= 4 AR ZH 1l DA K LT AR DG 48 A
FISENR o FEAS S Hh, LAY H 5 PF M 38 R i, 4E
xRk e 44 R A SR i 1934, 8 TU/kg
(B S DA BELEAE R A & 5 IR HE bR i
FEB X R P 4E AR R A By K &5y 3 546. 6 1U/
kg (& 2), X 5H0687° (1000 ~3 500 IU/kg) K
R £ ( Oncorhynchus keta) '™ (1 000 ~ 3 500
IU/kg) F1 B & X & i@ ( Ictalurus punctatus) (22
(2000 ~2 500 TU/kg) DL Jz 4L 46 " (2 000 ~
4 000 TU/kg) S5 M BIFFE 45 10 & — B0 o A6 B T JIE
e R A TR S R AR LA L, S B
BB AR A S e e AR

Zhou ™ 25 15 35 |8 41 ff1 ( Sciaenops ocellatas) I [
IR e R — 8, DR R A & & R oF 4 48
PREE B XT iR R A oK, 2 E T AR
JpVE M 48 bR B AR B X 4R R R OA B SR EL
Woodward ™' 4§ it , 24 DL 2 41 f5 Kk BB N T
FRbR I, SR 7 R oK B L DL AR KON T
MragpRmfm, X W S A LKL e & — B, A
SRR R AR EE R A TR REAR
AHTH] X AT RE 55 FR 8 0 R AP AR KB B A B
RO HEER A BYUS B 20| 57 58 26 555 A 5% 4 B
A K.

AREE PRI R A B Z A8 65 1 SR 5
JE IR B AL T R T, A K 2%, IR BRI K 77
i, 5 Rk 78 M., 8 5 L ot A S AR 2R R A B ZE,
X5 Halver ™ f) i e A — 5, b % 17 k) v 4k
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AR A R T A B b R Y
BFE It B A (AKP) JLTAETE T ALK
FHA, UEHA I VCE SRR L, i
XFNERUNB AT TS R W], 4E 4 R A HE ALK,
AN e 55l A WSO C AR 3 T T 0 1 240 L
(93 3l , Bfl AKP 3% M o Kaul 5607 4Rt
ANEL BB VA TS I A E I Y AKP 36 )
AR 48.6% 65.8% F161.9% |

A B A BG I IR A 07 1) 72 Ak 3 — 2, #R
EUBEEE 4L R A S RITEETRE LT
G BRI & i B E 2 2R b 4 AR R A
RS . A1 B ( Epinephelus tauvina) K i
05 5 e B A R R A AR R OA B A T 2 )
W MR T4 R A HFRITH
1R, P2 IR 2k A 7% il R R & 2 IR ik e % Tl
RS TR e %, B2 5 B 3, X 5 % W)
427 4 ¥ 4 ( Ctenopharyngodon idella) I [/ fF5%
SER B X PR E e LA N LR AL
oA FEAE R, IE R B I R B S I R A
AN O LA e S TS PR AR e, U
o g Wl AR H R AR AR U D S TR LTE
FEAE . (H 2541802 45040 i, 40 M P9 A9 e S Il K i
iR TR LT R, L R R e S R A O K
S, SR A B I SZ 5 I 3 R A K S R Tt
B RS e R A Bz 4R S T
Fowm TR A, U4 E R A B2 A5 00T 18I
HAZH T EREMH . BEE R 44 R
A BT T R S M B T R BB
JFHBA R B OLB T —E R . (A2
TEAEA 2R A WS d e i A, e 2 g TG Ve S 3 |
ThL UL R RN GEAE 2 A X AR B Y AR A 2 i
T — 5 # % /E il. Hernandez %" B ¢ th &
B R A R A B I, X S
JUE#R e B AN [R) B B2 O 48 05 0 B, A ) v R 2
AR A DAGE AN, B2 SO L2 LA
AN B 0 ,

AWEFEXS K P S Wy R A R A 5 IR D5
R I I = R R Y O R AE TR
55 B A T 1) 72 Al AR B, A 8 1 3 H ik = T A
B [ I e B A AR R OA B B B R RS BT
Jo TR TR AE AR = S A A
B Z AR . PR 5 AR [ P i = R
F F2 S E 2T ™ A A e ] A =
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Effects of different dietary vitamin A levels on growth and serum biochemical
parameters for Japanese seabass( Lateolabrax japonicus )

ZHANG Lu'?, LI Jing'’, TAN Fangfang®, MAI Kangsen',
ZHANG Chunxiao', LI Huitao', AI Qinghui' *
(1. The Key Laboratory of Mariculture Ministry of Education ,Ocean University of China ,Qingdao 266003 , China;
2. Technology Center of Tongwei Co. ,Lid,Chengdu 610041, China;

3. Center for Bioengineering and Biotechnology,College of Chemical Engineering ,
China University of Petroleum ( East China) ,Qingdao 266580, China)

Abstract: A 9-week feeding experiment was conducted to evaluate the effect of dietary vitamin A level on
growth and serum biochemical parameters for juvenile Japanese seabass, Lateolabrax japonicus. Six groups of
isonitrogenous(43% crude protein ) and isoenergetic (20 kJ/g dry matter ) purified diets ( Diets 1 — 6)
containing 245,1 005,1 835,3 781,7 583 and 15 273 IU vitamin A (supplied as retinyl acetate ) per kg diet
were fed twice daily to triplicate groups( 10 fish/group) of fish[ initial weight(10.20 £0. 14) g/fish ]in 120
L plastic tanks. Fish fed the basal diet( Diet 1) developed heavy mortality , exophthalmos ,haemorrhages at the
base of the fins and distortion of operculum. None of these deficiency signs were observed in fish fed the
vitamin A supplemented diets ( Diet 2 — 6 ). Carcass lipid content significantly increased with dietary
increasing vitamin A level, while protein and moisture showed no significant differences. The analyses of
serum parameters showed that the activity of alkaline phosphatase ( AKP) , the content of triacylglycerol( TG)
and total cholesterol( TC) all significantly increased with the increase of dietary vitamin A level, while the
activities of glutamate transaminase ( ALT ) and aspartate aminotransferase ( AST ) had the reverse trend.
Broken-line regression analysis of weight gain or liver vitamin A content showed that juvenile Japanese
seabass require a minimum of 1 934. 8 IU vitamin A/kg diet for maximal growth or 3 546. 6 IU vitamin A/
kg diet for maximal liver vitamin A deposition.
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