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ARF R A A2 0 A A 3.59(3 BB4) . 16.26.33.19.63.65 mg/kg #7 116.49 me/kg], 413
AMNEL, BATHS0R & BT 8 B84 JR ik B, AT LR P R B K 2 A 3P 67 4 & & KA
dF A AR Hm, SR E, SR, AR P R m63.65 matkg 4 A E A T B HAE & AN
o7 0 3% Fu bk A K F(P<0.05) , Mo 4 B @ R AR AR R AR E R R R R S B R 2 (P>
0.05), 12— T892 42 % A(116.49 mglkg) , Ko RA| Thl speg £ K Fe BB F . L4400
Yok F A FImKT A 116.49 mglkg B, B F AR T o & 8 A2 B B A= AT JEAS B5 A% (P<0.05) , % 434+
Yk F ARAKT A 63.65 mg/kg i, BHEIR G T ik S 5 R B E P (P<0.05) , /o 3 fn 5 sk A
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Effects of different dietary levels of vitamin A on growth performance and serum biochemical
parameters of Micropterus salmoides
Lan Hanbing, Chen Cuiying, Huang Yongzheng, Ye Guanlin, Chen Yumin,
Liao Jian, Tan Xiuhua, Zhu Wangming
Abstract: To investigate the effects of dietary vitamin A on growth performance and serum biochemical
parameters of Micropterus salmoides, five diets supplemented with graded levels of vitamin A (3.59(con-
trol), 16.26, 33.19, 63.65 and 116.49 mg/kg dry weight, respectively) were fed to triplicate treatments
of 50 juveniles each with the initial weight of (38.31+0.26) g for 8 weeks. The results showed that the
weight gain (WG) and special growth rate (SGR) of fish fed the diet with 63.65 mg/kg vitamin A were
significantly higher than those of control group (P<0.05). No significant differences were observed in
protein efficiency ratio (PER), feed conversion ratio (FCR), survival rate (SR) and proximate composi-
tion of whole body fish among all the treatments (P>0.05). While high concentration of dietary vitamin
A (116.49 mg/kg) caused slight depression in growth and bone development of juvenile fish. Serum cho-
lesterol and liver lipid contents were significantly decreased with increasing dietary vitamin A level up
to 63.65~116.49 mg/ke, but the reverse trend was obtained for serum aspartate aminotransferase (GOT)
activity (P<0.05). No significant differences were
observed on alkaline phosphatase (ALP) activity

and glutamic pyruvic transaminase (GTP) activity
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in serum (P>0.05). The liver vitamin A contents
showed a strong positive linear relationship with
dietary vitamin A levels (P<0.05). The results of
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the present study indicated that certain high levels of dietary vitamin A could improve growth for juve-

nile Micropterus salmoides, and the level of dietary vitamin A should not exceed 63.65 mg/kg.
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—ERYBENE , WBET BN AR KRR B HEAE KR8
JFFFUE R 105 2 45 R0 S R B AR A IR o s (-
cropterus salmoides) , .44 K 11 &6y, Sy R B PETR K 1
0, HA AR RSSO TSR R TR E SR
FA R FE BRI A GRNZ — o HETII SR DA IR K
i 2t o 3 SR FHVK S S RRR SRR X,
1 FIHE IR TR TH AR AL A RIS AR T il
Z N LA R B — BoR BRI RS . B
BT, AT M 528 11 5t 8D A B kA 2B TR R
WEIE O A A, (R A 2 A (38 75 A B E R AS
Z K WA WEE T AR A RS g A: R A XHInH
fifi A K RDRERI R P2 R A i R it A ik

BRI, DRI, SRS IR AN KCF4EA 3R A

XN AR A SRR SR IR A 28 A 5 e S i i
HARFERRASEN , PR I el v e A 28 A S it
AR — A R R IS
1 #REFEE
L1 Rk

TR AZEAE 3 A BERR TR VR AU I , 4359 R 2
AR A G R ROCKHTEELL) 115.30.60 il 120 mg/kg 7%
i, DA b 27 4 28 35 50 (A AL DR L e
TP, LR ABSIRER (4 bR ASRN
50 75 1U/g) W L WL RSB dn A BR A Rl o SR F O
RO RTINS IR 5 LR R A RSB
i 3k 3.59.16.26,33.19.,63.65 F1 116.49 mg/kg.
JITA R EUR 22 80 H i i , 7840 TH A1 5 il UKL AR S
3 mm M REALTRRE TS BT 4 CORFE PR A2 .
PRI IRDRH R S B SR W 1.
1.2 e iR

T 2015 4F 7~9 H e 1L 5 KA W Rk A
B2 F] R Vb H S g8 O R T, i 500 T R VA B
— SN AT S BT FRAE R SE R A R (O

2 1) Y57 2 JH 2 158 4l Db s AR IR BT . YR
SERG  PEHCE AT S (38.31+0.26) g AR fti
#6750 & , AL /3 E 15 % (2.5 mx1.5 mx2 m)
RS IR 50 F2 43 IR 5 2Rk} B AL R 3
R RN 8 Al . AR ABEMEPIIR (8:00 F117:00)
MR R IR 1) 2%~4% , [ B M A K I R AR £ 1)
TR LA R . B9 R R AR R i Al g £
MIFETEd , o RS K IR R RS L
AT U D R KR R 28.0~32.0 CAEAT,
#ERFEIE, BRI, pH(E R 7.2~7.8, K H & A %
it 0.1~0.2 mg/l, WAl R £ /N F 0.05 mg/l, K F
5.0 mg/l,

R g R IR BT BB IR
| YRR ABIKF (mg/kg T )

| 359 | 16.26 33.19|63.65 116.49

PR A (/100 g )

k5 650 650 650 650 65.0
X iE| 100 100 100 100 10.0
TRy 180 180 180 18.0 18.0
REERTi] 30 30 30 30 3.0
Wik — A4 20 20 20 20 20
EaE%ER 01 01 01 01 0.1
BRI E 05 05 05 05 05
Y 2 A PR 10 10 10 1.0 1.0
HeYk 04 04 04 04 04
FIRIT(g/100 g 1)

Koy 890 890 890 890 8.90
A 4429 4429 4429 4429 44.29
AR 10.65 10.65 10.65 10.65 10.65
HLR S 14.80 14.80 14.80 14.80 14.80

B VA Sl E(mg/kg)  3.59 1626 33.19 63.65 116.49
e L B EYEZONAEIN VA 4 R B R, kLT E KA
YR R A RRAE B T 5 T 347 VE 160 mg.
VD: 15 000 IU,VK; 50.4 mg.VC 250 mg.VB, 28.47 mg.VB.
25.13 mg. VB, 30.78 mg . VB, 0.22 mg ANz 55.42 mg iR
2.91 mg.D-IZM24584.10 mg . D-44) 2 1.02 mg JULEE280 mg,
AALNERE 1 500 mg;
2. AT WoeR BT E KA DR IR A " AL, b &
T3 1 4 Bk b & A7 85 (MgS0, - H0) 52.71 mg. £k (FeSO.)
31.65 mg i (CuS0.)2.61 mg ##(ZnS0,)68.80 mg. 4 (MnSO.)
6.21 mg fifi(Na:Se05)0.18 mg ML (Ca(105),)1.96 mg 4 (CoCl.)
0.36 mg;
3. YA ER A TR« AR AN WS 0 4 o] 5 2 R ), 20K
CUBE S
4. WY sk B,
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FERR I 45 T, 152 24 h, SRS WA M4
)T N B e A T A BRI SR AR RS Bl . IR
AR FE AL ER S B, W R (A SR AR S A
[ A A 7 I R AR i R B . 1 ml JC VR 5
R CR I, & TR E O E 4 CHE 12 hF,
3 500%g 5.0 10 min, il £ MLE , 80 CLAF & . L
LR, B R 1l ) 25 46 S U B, T H i
1: 10 A PBS (pHAH 7.4) 28 vh i, Y93 Bl sk 45 3
J5i .3 500xg fI I 250> 20 min, B F I, & T-80 C
A7 . R BEHLE 4 B, 8 TR K o,
ZEW R JGRAE T-20 °C, T2t JUE 32 iy
1 58T
14 FEFRIE 55007
141 HERVERESS AR E

R (SR, % ) =106 45 s it £ 2 KR 06 T B i
FE%ix100;

HWHE R (WG, %) =LA RTE PR AR ) in ik
Hx100;

FEE KR (SGR, %/d) = In (a6 A K F ARG £
W)/ FEAF ] X100

TR R B (FCR) =1l R /g0 fa G o

B A AHCE (PER ) =i 56 a1 4% 1/ (R0 1) L B
ek EATE);

FEAAR L (VST 96) =100 £ P4 Jk /056 1R B X 100 5

JHAA HL(HST, %0)=12050 6 I /106 f R B2 x 1005
B LU (IPF , %) =1 55 #6151 10 2/ 6 Ak

#x100;

£ R BB B (CF, g/em®) =38 56 £ 44 52 A 56 £ fA
$:*x100,
142 HREFRNS 0

Tkt A AR R KR SRk
2 B8 [ bR GB/T 6432—1994 ,GB/T 6433—2006 . GB/T
6438—2007 F1 GB/T 6435—2014 J7 ¥ 5E /Y . 1Ak
FUFFIEAEA= 2 A (% 23 E AR GB/T 17817—2010
) BAL B O A TR I, R 5 SR FH SORE v B30RR
T T
143 IMIEAAFEPRI 54T

M B PEBE R (ALP) N2 (GTP) A3 5
B G T (GOT) ¥ M K H 3 = g (TG) A1 g AH [ f
(TCHO) 1) 55 235 % FH g i e A= 9 TR 53 BT ik 7
EE , ELARI 2 2 B0 S Ul B 5 T 7o
1.5 Sitorth

K I SPSS16.0 X r i3 Bl AT 48 1T o #r . e
K220 (One—Way ANOVA) i5 31| i 2% /K1
(P<0.05) , K H Turkey s f 35 7517 22 5 LU 45, Bd &
IR REBEpR R (X£SE) 7,
2 GRS
2.1 fADBHAEAE 2R A KOE R 5 A R A DAL R 2%

IRz (3% 2)

2 OFBRRE YA E A S-S 3T o A Ko Ak Ae s AR R B 69 %R
Y 2% A BRI (mg/kg T 1E)

16.26 33.19 \ 63.65
WG (g) 38.83+0.44 38.50+0.58 37.37+0.17 38.17+0.67 38.67+0.60
LR H (g) 76.15+0.77 76.56+1.16 74.800.71 78.19+1.86 76.69+1.13
34T (%) 96.95+1.06" 98.85+1.28" 98.59+1.13" 104.84+1.83 98.362.38"
FERE A KR (%1 d) 1.13+0.01" 1.15+0.01 1.15+0.01* 1.20+0.02 1.140.02"
Ih e 1.08+0.01 1.05+0.01 1.07+0.02 1.01£0.03 1.0620.03
EASII €S 2.10+0.03 2.110.02 2.07+0.03 2.14+0.06 2.08+0.05
715 (%) 87.33+2.40 92.67+3.53 90.0045.29 90.0024.16 92.67+4.37
T A TR A bR BEAN IR 2R R B =22 (R4 0 25 22 5 (P<0.05 ) 5 N 3Rl
A2 2 AT, ARLRE P E KO B AR 2 A XIS A (R 3 KR 4)

F14) 18 B R R S A KR R DR 2R ORI 1
JEAKCR A S B35 (P>0.05) o 4 5RRH4E2E 2 A TR
TR 63.65 mg/kg B, 2 58 Fh f14 384 F R R 2 AR K
% b T A (P<0.05) , FLA 4% 20 7] 2% B R I 3
(P>0.05) . XJHELIRTG 1) BTG RA IR TR A E A
WSINAL, (HA5 41 [R) 25 5718 i 2 (P>0.05) .

2.2 kAR Z A AKOEXE I B R bR A A B 43
» 36

F 28 3 mT A, fRRk 4 AR R A B IS K OF 5
I PH S e AR A B R B R AR LG R A L
FISZ IR AN I 2 (P>0.05) o Fifi 75 Tl R 4E A= 25 A Uik
SR B, i B AR B T R, LS N R IR
63.65 mg/kg Al 116.49 mg/kg i B f1 f4 IE 1A HE 2 25 75
FH A (P<0.05) o 17 I H i e A6 B B %5 e e
He R AN KE B8 R B, Bk
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63.65 mg/kg 1 116.49 mg/kg 41 AU AETH B B 5 AKX A S AEIR . 3¢ 4 T, JaDRl o i K F 4 AR

HEZH AN 16.26 mg/kg 24 2 A WS INAL (P<0.05) o Bt 25 A X IIH 5 F 1A B0 785 35 B0 1 52 i) AN i 35 (P>
Gh US55 116.49 mg/kg 4 AR IG 4 B ER33 0.05) .

RT3 ARARE Y F A S A & ARIR ARG R
Tt AR 2 A VR INKF (mg/kg T )

16.26 33.19 \ 63.65
FFA HE (%) 1.51+0.05 1.47+0.01 1.49+0.01 1.54+0.01 1.560.01
JIEAAS EE (%) 6.83+0.06" 6.77+0.09" 6.95+0.06" 7.1420.04" 7.24+0.01*
KA LY (%) 1.51+0.05 1.47+0.01 1.49+0.01 1.54+0.01 1.56+0.01
AE 5 (o/cm”) 2.08+0.01° 2.08:£0.00" 2.07+0.00" 2.05+0.00" 2.05+0.00"
R4 FRIR YA E AAF 3N 8F KR 56 %0 (%)
TR LE A TRIIK - (mg/kg )
16.26 33.19 63.65
KAy 76.24+0.52 76.22+0.81 75.56+0.62 74.55+0.64 76.720.89
MM 13.82+0.47 13.17+0.95 13.69+0.25 14.26+0.47 13.28+1.05
HLAG 7 4.73+0.06 5.82+0.19 5.1420.17 5.42+0.21 4.80+0.19
Ky 3.62+0.10 3.64+0.24 3.65+0.07 3.81+0.07 3.50+0.21
2.3 TADBHEEAE R A KX S5 IR RS D AU AELE  FPRE4EA R A & B SBEAR A TSR 825 1A
ERA SR (25 XA 1) 7 (Y=0.489 9X-0.339, R>=0.995 8,P<0.01) (W& 1),

P2 5 AT, I TP A i 5 7 e Bt el
HER AR IR, HASIE 4 116.49 mg/ke
ZH R £ 1) IR R 5 2 e (8 25 AT 6 R 24 (P<0.05) .

H AR A2 28 A S T 480 R T 4 (63.65 mg/kg il
116.49 mg/kg) PR R A S B &R THERAS
HH4(3.59.16.26 F133.19 mg/kg) (P<0.05).

K5 FRARR LA T AL TN ERTIRAS A2 £ A A S0 Yk
FPRIAE A 2 AR (mg/kg 1)
16.26 33.19 | 63.65
JHHIERE D5 (%) 2.98+0.42 2.73+0.06™ 2.31+0.10" 1.95+0.22" 1.70+0.27"
JEFHEZE A 3R A (uglg) 1.59+0.32° 6.19:£0.40° 15.98+2.15° 33.10+5.89" 55.68+4.87°
70 R AL T in N B 1 37+ 19 I [ B (TCHO) 55 4t (P<
@ 60 0.05) , fELGF L3 H 3t =18 (TG) S HE A LA A (8 3 (P>
:22 " 112—34989959;(_0.339 0.05) . FH4EA 2 A TS INZEL ) I 375 B PR i R 1 (ALP)
2 e TEPEAR T X RRAL (H A ] 22 A8 0 2% (P>0.05) o Falfe}
@ RIS KT A2 2 A SRS T TN 9 3% o 25 7
@ 30 52 W (GTP) FAY B 2 (GOT) i 1 , HLdshn it
320 } 63.65 mg/kg 41 1ML GOT 1 1 . 3 25 T % B 4
% 10 (P<0.05)
= 3 it
0 20 40 60 80 100 120 AR A BORERETOTIERER (HRE
BRHAEAE R A UK (/g TH) H A 2 A KT A R A K RS
Bl Al p T REde A Z A ST 5 EAETA

APk R

2.4 TEBHAEAR 2 A JKCV 8 i it 9 AR AR AR

LAl

13 6 AT, Tkl e s s A RO 4R AR 3R A 3%

B, HAS Y H £ ( Paralichthys olivaceus) % 5% £ i i
f4EA 2 A (50 000 TU/Kkg) 2t BLAE 2 BH. L5 4 Wi
B R AR SRR . SRR R AE R A SR
938 mg/kg Jii , K VU VEAEE (Salmo salar) 1 PRAL T 2R 4
IR T R SR HEA I S i S P iR . KP4
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RO FIRAR A F ALF 3 o d i A LIS AR 0T H R

it 5
o A & i (mmol/1)

16.26

FRgEER A ﬁéﬁ[]?J(EF(mg/kg ‘|‘i)
33.19 63.65

21.11+0.95" 16.47+0.23" 17.97+0.13" 17.61+0.43" 15.89+1.20"
“H i =& (mmol/1) 2.5420.17 3.26+1.08 2.46+0.31 3.03+0.52 1.99+0.20
BRI Al I (4 R BRL52/100 m) 1.81+0.19 1.55+0.17 1.32+0.09 1.74£0.16 1.35+0.10
KNS BF(UN) 10.94+4.17 13.42+3.21 13.00+2.58 16.35+3.27 13.28+2.04
I G B (U/) 36.63+16.03"  114.30+23.94"  105.66+19.01"  132.23+27.97°  127.47+2.05"

A3 A (40 000 1U/kg) 123 F8UE ' B k4. Oreochro-
mis niloticus) M IAE K AZ B R FET RGN | 2 i
IFE M il S BRI S AU T BERE R . 7EA
RIS ST, MR AR 3 A 28 3.59~63.65 me/kg ],
JornpH s 388 i SRR A R AORBEE 4R R A K-
it e, (SRR AE 3R A KT R A 116.49 me/ke
R, o0 P B 3 T AR AR S AR RO AT BT B
B, [ PR G B R AR . X S B
(2007)FE LB ( Cyprinus carpio var. jian) b IWFFE2E
AL, BRI, 4438 58085 (Morone chrys-
ops femalex Morone saxatilis) il B4 2 A B9 7 B
1£0.51~40.52 mg/kg, Ifii Brecka Z5(1996) s B3 i JH fif
TR AEA: A DS PN N 20 me/kg. AN IS
IR AR fE T B A I8 Mg m A R A K
AT DA SN s g A (R — AR R A
(116.49 mg/kg) SMIAFIF A0 Er A KA EHE L B -

Tk 4E A 28 A K s B T R B B R A A
WLRE AR , B 255 & B AR O e A 8 A . %
i A S 750 mgkg 1) fRRE AT S BUR LT
s (Salvelinus fontinalis ) WP RE T &5 A1 38 200 %
ik A %007 B & B, g E £ A S A
34.14 mg/kg LA I A fDR} AT S B4 AR ) AR 18 40
JE AT B 5 B RS BT B . I S KCPR4EAE R A
(40 000 1U/kg) 2> B 2 DHE SR, ATk
PRI ERKCOF4EA: 2 A(63.65 mg/kg LA E) BYARE 2
P TN BA EAA LG, AT AR DS &5 1, (BRI
WARECFIA RS B A DI RS . ETHEAE R A
X HUALH G B 2L HATEATEAE , 7 2
— B BIRABIGE . MO R R AE R A Kb 2
UM SRR A 28 A TR i AT & B, M -
ER4EA: 25 A S Bl DR AR 3R A S R g i
B ELMEREN 31X 577 25 (00T TEL AR BT
iR VIR HUAL FrgE R A I F 288
HAE A2 A S AR 3 S AR LA R A A
TGO, RIS EA PR ANE4EA 25 A S REIRE ) o

A T I3 P R A ALP R VR T IUE 5B 8% , Rt
I3 ALP 35 P8V A A A - i A QR O iy 4
» 38

PrZz—o TN, LT ALP {6 P55 T e A 2 F
PO, — IR BT, R O o (HASHF 5
R, KRR R A RRAR T ML ALP A TEE, 1X 5
Ifa] Vil 55 76 PR XS A Lin 8 7K B 8. ( Megalobrama am-
blycephala) 5845 5 —3, AIRE R RmAEA 2 A
E ) P E A= I ORCy e P = i = B Y -
M, S50 13 ALP 36 T R . Moren S5 IA i sy aliid
IR 4 A 3R A KR 2 BRAR R VU ¥ LE H 48 (Hippo-
glossus hippoglossus) /N il R 2% B0 ALP 36 14 . It
b, ML ALP Y& PR I8 52 e 22 R 2 1 52, g
HRERIGE AR R Ds KPR, 6T 4EAE 3R A XN
i 1L 9 ALP 2L 0 w5 E— P R ER AWTIE
TEIEH AT RS R b, Shy s b 24—
TEAT R IS . (HYEIEZHZUR SR i),
DA P B Tl A e R S 30 L 3 v, AT 5 76 1T 9+ )
GOT F1 GTP M1 IE H /K-, DRk, I T2 S et
R/INAT ST FIIEZ R o AT b, BB e KP4
FEZR AN G LY GOT #1 GTP HE AR = T4EER A
A2 G RE4H ), U HJR 63.65 mg/kg UNIINZH GOT iy
T 2 v TS BREE A, B S i A 2% A X
SR AEE R  —E AR AR AR R S e A A
R AW HALL H AR S g GOT HIGTP K
SRR T P S A5 DL TP o — R 3 s
B 2P E AR A R P =R S s i
T P I A =R A S b TR . A
o LT E IR ARG iR TP AR AR 2R A KRS N
TR 2 A, BRI R K F- (63.65~119.49 mg/kg) 4k
AR ZR AR B A A A FHAS AR S, LGS fin
Bl FIEIE 2" e —E MR AR S AT RE I iy
JHFIRERR S 5 ek PTG A e — A JBL AL
4 Hit
AR AT R A i B & B4R R
A AT DU H 65 00 £ G 2k A 4R AR R A 233l
PG A, BN 5 RPE AR 22 A BB ANRE =
T63.65 mg/kg, HOMBRYIUSITRA FriE— OB o
(B Ltk 27 B, Rk, AT HER)
(%3 AT, guiyush@126.com)



