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(1. FEBEABEK A AT, WKAESSAEYHRAREFE SRS, R 430072;
2. PEPEBEOISAERE, L5 100049; 3. FHFE AL E-AFSERE, E i 200025)

WBE: #id 8 FMAERKER, HRER 44 By & X R F R (Carassius auratas gibelio)(H] I A HE
3.3 @)K IRLRI B A AR AR BRI o T 7 415 AUGERE R SRR, TR 4EAE R B S A 0. 111,
3.29. 541, 12.7. 13.3 F127.3 mg/kg, LIEEREW], Wk o= 4i4E R Be 23 W FEAR 7 T M09 R e 4
K | ARRHARROR | BERACE . AR IR (AT RRa B m, Mkl R Be &
itk 12.70 mg/kg B, PRSBG0S M (GOT) & M ek, I AL 35 & T X R 41.(P<0.05) . 7EMREH 44
Bs N 5.41 mg/kg B, JHEREA NEE MGG ME(GPT) I M2 e . Mk p 44 R B il 12.7 mg/kg
W, R 4EA: R Be MU R R . AT gk, ARERE A KR AR 4 R B T RIMER, MR E
R R K I AR 4B 2R R B IS B S i 0.95 mg/kg; 1M LU GOT #1 GPT 16 E A 15 brist, Hiakl 44k

F B B H AR50 11.36 F1 7.62 mg/kg.

R : SO, R AR 4R R Be oK AN ARG R, A O A WS 1

FES%ES: 896373  SCHEKFRIREE: A

YerE R Bo(VBg) 5 A W A i1 2 5L 1R A3 2% VT AH
Ko BEERMAMMES SR . LEIEME I
SEIIN o VBg A% i 2 IR M (5 2 R 1E AT A%
iy, TE SRR YL 2 S TR A Fe v B AR .
At 6 £ S ) B IR ESE R, VB B 2 PIE ] ik
fitg £ 2 Jir 6 8 1) — R B SR R U0 55 ANEE At i £
KNV 88 (Ictalurus punctatus ), # (Cyprinus
carpio)l 7V, ¥4 (Seriola lalandi Valenciennes)®™
8 (Anguila japonica)t® EIBFFEH, VB, I E 2
DS REFARAR 2] T IESE I, MRk R = VB,
W, AR MVFZ R Z AR, FEAHE: &
KZete . R KM & . OGS sl A AR Y —
ot 28 25 AL A AE AR,

KPP T VB T KRB C AR Z .

ks HEA: 2008-05-08; f&iT H#A: 2010-02-16

XEHE: 1000-3207(2011)01-0098-07

SHE(Cyprinus carpio)t” . ELWE(Taius tumifrons)!™ |
K25 6T (Scophthalmus maximus)!'™ . V& % (Ictalurus
punctatus)' | 488 (Spatrus aurata)', LR B
4t (Parabramis peknensis)!'> . ¥ Jg B {44 (Oreoch-
romis niloticusxO. aureus)" 1 E[) fE i (Heteropneu-
stes fossilis)!' RFFE R, AT VB TR B
F 1—15 mg/kg Z[0], 5 ¥R (Penaeus monodon)%}
VB¢ M5 2K i 2 im i 5 T LA b Fir A 5 9 3 S 4 2%
Jy 72—89 mg/kg ',

SE R E EEIRAK MM Z —,
T 300 M, A OGS B AR IR SRR A
ZIAESE, HEXTT VB i K & H T R I E,
AR B BTET: (DIRWHEE VB (1 & X 5 F
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FEREATIMA “FERMEPR 3 )RS I R T RABISE 2009FB203” 5 HK 973 W H “wERMEm I E I
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SR (28058 5B B L) a6 ek VB 19 T SR i
1 MEE5RE
1.1 SRIGERL

LI R ARG 7 (R 1), BRAhiRDE R B SR
FH S H AR GE TR AT VBg(GhRR IS
W) ) AR IR R BE R B o B 50Kt A VB 1527 4
FAL—E WONR AN — & W VB, TR, AR5
Fi BT Rk 0 TR A B2 1) 5 it ARk v R 0 AN T i
VB, IR C 1 BN [F] VB & i1 7 45 R, VB, T
IR 3G U T L 270 7 ZHARDRHEY VB 1Y 75
4351 0.1.11,3.29.5.41,12.7,13.3 F1 27.3 mg/kg.
B ININ VB (A4 A %ot BE AL e i e o J
FHFEAMR AN AGE K, SR A LR &

F1 FWREMEANES REFEB(% FHR)
Tab. 1 Formulation and chemical composition of the basal diet for
juvenile gibel carp (% dry matter)

M43 Ingredients

£ Content (%)

AT A REEN 41.00
Casein (Vitamin free, Sigma)

W Gelatin 2.00
WIAE Dextrin 6.00
L KJEHR Corn starch 15.00
£F4EFK Cellulose 15.16
WA K Zeolite powder 433
ff1 il Fish oil 5.00
FE K2 Corn embryo oil 5.00
A Z IR Y ' Vitamin premix 0.40
B YL R Y *Mineral premix 5.00
A% Choline 0.11
AL 4% Cr0; 1.00
AR (% TP

Chemical composition (% dry matter)

HLZE 1 Crude protein (%) 42.81
HUIE I Crude lipid (%) 7.98
K43 Ash (%) 9.06
fEfH Gross energy (kJ/g) 19.54

0 1. 4 EBWRY (mg/kg diet): 4422 A vitamin A, 1.83;
44 % D vitamin D, 0.5; 4E4:Z E vitamin E, 10; 4E4: 2% K vitamin
K, 10; fHfR niacin, 100; &% riboflavin, 20; #ill¢Z thiamin, 20;
D-7Z R %% D-calcium pantothenate, 50; “E4 % biotin, 1.0; MFR
folic acid, 5; 44z % B, vitamin By,, 2; HLIRIMAR ascorbic acid, 400;
JULEE inositol, 100; 2. B #EhHEYI(mg kg™ diet): S k4N NaCl,
0.80; FifaEE MgSO. 7H,0, 12; B2 — & NaH,PO,-2H,0, 20;
R — S8 KH,PO,, 25.6; iR — 545 Ca (H,POy) »-H,0, 16; BRI
#k FeSO,5H,0, 2; FL R 5 C¢H,CaOsSH,O, 2.8; B MR 4F
ZnSO,7H,O, 0.028; M MR %4 MnSO,4H,0, 0.013; i & i
CuS0,-5H,0, 0.0025; & fkih CoCly,-6H,0, 0.0008; HLERE KIO;,
0.0024; £14E% Cellulose, 0.36

2 2—3 mm AYORL . SETEE DAY b7 R A XUBS IR T —
BERtral, SRJE S AMAS 45 CHET, BRI AT
-4 CUKtE& .
1.2 SRIgTEE

S 5 B AR i s O g R . ARSI
ik ANFRIE R GRS, o T 2V B Y R
A ER TR B KWK L Bt A T I dE b P . 5200
TR SR NI 4 TR BHRIEREh
A EE [ PR EEFGE B S Y 36%). TEIE
KIS TR Z 0, FX R R RS g0 fa 1 ]

FIHLIAE R N TK IR R R T HIT. RS
B 21 MR AL (HR 70 cm, 2 190 L)4H
o FRKGEBESRERAGTMATGAFMGIN,
KPR Z) 1800 mL/min, SZEGHANE], KA LE
24°C—28°C, pH J& 6.7 & 47, WWE KT 6.7 mg/L, &R
KR 0.16—0.21 mg/L. SEIE H H EAT1E G,
AR E 12D:12L, SERERT R 43R M 8:00 31 20:00,

SCIS TR ET, B R EIYLER 24h, e HUA R
faERE . AR SIMANR, FREEJSFEPLICA 21 35 fh
K, BEEL 20 BCOFI1AE Y 3.28 g). [FI, FEHLY
=202 30 ), R, vkik, EmEMIATILH
A o3 Z o

FEAFRIH S AREE 8 JH . FRAEME], BEK 9: 00
F15: 00 A HBEME—IK, FIRIEMEEFEE 1h, (1500
KB R, KB SRR TR Il
REYFEME B R WD 52 55 IR O, 1 s B # 4
HALRES

SEEREE A, gAYk 24h SRR ERASRMA
TSI 56 0 174 6 R o BT BE AL 6 B fA, FREEJS 70°C
PET 2 AEE, T 00 S 00 45 A A o iR A Al
o 3L 6 Fefh, FRidg e f i A CE A B Y B
IS . BT B 3—5 R, 7EvKEE b
BB AFRRAEIR G395, & BB A P 3k, K5
A =20°C DKAE PRAFFH oK I 7 43 Bt Sl RN 48 TN
GABGH TS o FH R DK B I 325 7E B L BE ML R O
V1A I V3 PR A 0 e 52 60 P4 i £ 240 PR 450 i Bk 25 R L
1.3 H&EOW

T EHRUHE R VB 1 3 i B b a1 e B AL 23 A
M3 A0 fd ) GB/T 5009.154-2003 5 vEIE . FFE
H A B R R A TN B G )3 P R o
Yy T AR5 I 1 00

R 2R AL B s T . A
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EE RN KA E R RRE RS . TIAE 105 °C
MET R fEE, W E R, & YIRS A
5 (2300 Kjeltec Analyzer Unit, FOSS TECATOR,
Sweden). 18 N7 HZ& A2 %E (Soxtec System
HT6, Tecator, Hoganas, Sweden). At &t FH 2 it i =
g 11 %2 (Phillipson microbomb calorimeter, Gen-
try Instruments Inc., Aiken, U.S.A). K4 1E gy H
550 "C T #A%e 6h Ml B HE i 2= /D PRSP A7
1.4 HiEAE

Ao 5 BRI AR R R R FEE A
K mBRCE . ORISR AR LR
N, AT

HEE K (SGR, %/d)=100x[In FfE K FH-In &
SIEN PSS

TRCR(FCE, %)=100xfa {458 & /A & fa kT 8

B AR (FR, %/d)=100x 5 & /[(W Gk E+
LRIREE) 2]/ KEL

HHHRBCR(PER, %)=thE AL E AR A&

P71 (%) = 100 (5 G S BB G P At T
EREERA VRSN & WY

JFFAA L (HIST, %)=100 i ik /{4
1.5 GIt2ESH

Tk VB & XA A | fRDRHR R R A B
& b5 19 5% o >R A B[R 2R 2% 43 BT (ANOVA) Fi
Duncan’s Z 8 HbE, BEF/KFELL P<0.05 MiniE, 52
B0 A R AR B, A R G RN AT TN e A T
5kl VBe & 1 19 5C £ 2 P12k 7 (Broken-line
analysis)sR 0> 1, Geit il FHSE T4 Statistica
5.0 for Windows 5% i .

*=2

2 & B

2.1 EKE5EPAA

SRR E KR FIER L TR
BINEER (R 2) o W RRAL SEI0 f0 A RR AR KR RIE TG
RE R EHR T HABK AP < 0.05). FrE bk KRIEE
TR VB, B B Lk, JR7E 13.3 mg/kg 4
IR E e (B 1) FRDRHE AR | B A BUSCR AR
LU A b 4 5 R A K AR i AR Ak — B
22 HRZIE

LIRS 2 FEE, SRR A AR B TR
1 MZEEEEARAER, AR =R TR RN
SR, TESCIG RS 7 8, 1.11 mg/kg YRINEZH 5256 £
H— 5 BRI BT R B AR R E R
2.3 Mik5EEER

mk 3 PR, HEFES VB &g, 52
6 8 11 L Y 21 40 5 0 0 BR 2 B B A 5 T K
TE 3.29 mg/kg WIMZHIR R K, (HEX A 55
UL IS BN 2 (8] 22 5 AN B 3 (P > 0.05) . X B4
3 B G WG P B IR, VB 5 i 5 T 12.7 mg/kg (4%
YN TN ) 4 R S TS M S v TR R S 50 £ Y
B EEE G RETEPE(P < 0.05), VBs SHm T 5.41
mg/kg PR I ZEL 1 2 TR it 1 2 v T LA 4%
AbFEZH (P < 0.05).
24 BEENARSHEE VB2

5B AR A L S I E T VB, (R
3. %K 4 xR R TP R CFTHLIE D
A, I H B E R T AR MAP < 0.05), XA
S AR K S e o Bl TRDEH VB S IR 19

E VBe KB AR KB REE K. ARF AR LN WCESERRER)

Tab.2 Effect of dietary VB, content on growth, feed utilization and HSI of juvenile gibel carp (Mean=S.E.) "

Tkl VB ¥ & Dietary

1.11 3.29 5.41 12.70 13.30 27.30
VB content (mg/kg)

SR IBW (2) 3.28+0.02 3.26+0.01 3.2940.01 3.2840.01 3.29+0.00 3.29+0.01 3.2940.01

SR FBW (g) 6.85+0.27° 8.70+0.16° 8.58+0.36" 8.13+0.15° 8.07+0.23° 8.96+£0.41° 8.39+0.30°
42 oz L 2%

if;/:; K A SGR 1.31+0.08* 1.75+0.03° 1.71£0.08" 1.62+0.03° 1.60+0.05° 1.78+0.08° 1.67+0.07°

0

LR FR (%/d) 0.78+0.03 0.78+0.00 0.77+0.02 0.80+0.04 0.78+0.00 0.77+0.01 0.810.02

TARSCE FCE (%) 36.61+1.74° 51.15+0.14° 49.17+2.69° 47.86+1.62° 47.02+£2.31° 53.48+3.10°  46.88+2.95"

E A FECR PER (%) 0.86+0.04 1.19+0.00 1.14+0.06° 1.1120.04° 1.10£0.05° 1.26+0.07° 1.09+0.07°

% Survival (%) 63.33+6.01° 93.33+1.67° 88.33+9.28" 96.67+1.67° 96.67+3.33°  100.00+0.00°  93.33+1.67°

A EE HSI (%) 5.85+0.72° 9.29+1.46° 11.72+0.66" 9.91+0.93" 11.13+1.62° 12.43+£0.41° 9.72+0.87°

T R AT A BUE S 1 AR EAR SRR BIEA B3 25 P <0.05); HIE VB & 228 =PTSRS &; TR
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Note: *Values in the same row with different superscripts are significantly different (P < 0.05); Liver VB¢ content was determined by

the mixture of three replicates; the same bellow

1.8 g
.
1.6 ¢ * y=1.688
1.4
s .
QL2 [
= I »=1.31+0.3964x
% 1.0 :
0.8
061 =095
0 5 10 15 20 25 30
T VB it Dietary VB content (mg/kg)
1 5 H MR E A KR SR VB W BE Z 1] Y R
Fig. 1 Relationship between specific growth rate (SGR, %/d) and

dietary pyridoxine level (pyridoxine mg/kg diet) for gibel carp

BT, R VB &R 2 ETHE TR B,
Sl 1.80—4.33 pg/g FFELHE .
25 HEHEEBEKRE

WAL T, DIRRE I ROR | A B
TSP (E 2) A G s TS (B 3) PP de A, 153
XS HE bR K, fARL R VBe B fGE B A

Frafalkl 0.95, 11.36 Al 7.26 mg.
3 9 i

AR EW, VB 165 5 B MIE 5 r R K MAE
PR PR A EEEN . HREY, i aes
BT ZIEIIMAEEIEMA K, Priipai i &
KA PR E IR R R TR R AN Y 1Y, SR
TR E B S 0T LAVE R shign 3 8 3% IR 775 5K 5 1B 3L
FEARIL R, A2 AR 7 A B0 J T A 73 0
TRt RIS PN 2 B R P S AR, T BT UH ) oK
Hh S RIS T VB I K5 7.62—11.36 mg/kg.

AWFREER KW, FH RSN VB, (=
w5 Uk, Mk Bt VB, B H B E A=
iE o X B SCI A BUIR B . FEEEAR . R
FEUE LA R R AR TR B G . AL Bl = o A S Ath £ 2%
o O AT BT ARGE, Wi fa 25235 Vg B (Tetalurus
punctatus) '3 | 8(Cyprinus carpio)t” . ¥R (Seriola
lalandi Valenciennes)™® . H ABBii(Anguila japon-
ica)® . 43k W3(Spatrus aurata)™. 5% (Channa

R3 AR VB RERRNZEREAMAIER . BEERFED VB, & NI EARER)

Tab. 3 Effect of dietary VB, content on haematological indices, enzyme activity and liver vitamin content in juvenile gibel carp (Mean+S.E.)

it VB, 7 it

. 1.11 3.29 5.41 12.70 13.30 27.30
Dietary VB content (mg/kg)
Pyt
mum@fﬁ 9.22+1.19 10.20+2.74 12.60+0.41 11.00+1.13 11.90+1.52  10.60+1.52  11.10+0.89
RBC (x10%/mL)
MBREFLL He (%) 33.25+0.77 36.31+3.32 38.84+0.87 38.48+1.34 35.95+0.72  35.45+1.79  35.17+2.26
§$$§§ﬁ§ a ab ab ab b b b
. 149.1441.5*  197.1+34.8 236.4+42.2 250.2430.8 315.6+22.3°  306.2+48.8"  308.5+30.5
GOT (U/mg & )
BN A
111.9422.1° 97.6+15.9* 119.6+4.1° 189.9+13.1° 206.1£9.1°  219.1£28.4°  210.4+15.2°
GPT (U/mg & 1)
A VB, B 1.90 1.96 4.14 3.01 433 1.80 2.67
Liver VB content (ug/g 214 ' ' ' ' ' ' '
F 4 T[E VB KE I F B R R4 L 4H AKX A &2 M0 (F S EAREIR)
Tab. 4 Effect of dietary VB4 content on body composition of gibel carp (Mean+S.E.)
Tkl VBs i T MEN H HK 5y
Dietary VBg Dry matter Crude protein Crude lipid Crude ash
content (mg/kg) (%) (%) (%) (%)
0 19.93+0.41° 11.76+0.35 4.11£0.05* 16.49+0.10¢
1.11 26.83+0.25° 13.19+0.11° 6.31+0.40° 13.89+1.10°
3.29 26.56+0.35° 12.96+0.11° 6.25+0.32° 14.47+0.24*
5.41 25.66+0.64° 12.80+0.34™ 5.56+0.70% 14.90+0.59*
12.70 26.68+0.76° 12.62+0.27% 6.65+0.32° 14.16+0.53%
13.30 26.91+1.02° 13.49+0.58" 5.82+0.94° 14.04+0.51°
27.30 25.58+0.17° 12.77+0.28" 5.60+0.29% 15.48+0.58"%
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Fig. 2 Relationship between GOT activity (GOT, U/mg prot) and
dietary pyridoxine level (pyridoxine mg/kg diet) for gibel carp
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[
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Fig. 3 Relationship between GPT activity (GPT, U/mg prot) and
dietary pyridoxine level (pyridoxine mg/kg diet) for gibel carp

punctatus)*? | 21 W J¢ B Ak i (Parabramis peknen-
sis)!) g B A (Oreochromis niloticus xO. aureus)!'
FIEN B % (Heteropneustes fossilis)!' . TEABIFFT )52
56 FE N, 3.29 mg/kg LA E Y VB Fa R T RABH 11 5
A 4 £ AR R = AE Y B

ARWEFERB, WA A AT, R VB,
FEE & B 0.95 mg/kg, (T4 A H bt 28T
KD, CYLIFNE GOT Ml GPT i ¥ I Wi i},
7.62—11.36 mg/kg VB, N5 7 B4 fa () Fl 75 2K
. WHESRER T (Cyprinus carpio)” . ¥4}
(Ictalurus punctatus)[13] . K ZE B (Scophthalmus
maximus)'"?' . 4: 3k (Spatrus aurata)'V . 21 E R F
Ik 4 (Parabramis peknensis)!"! Fl E) & i (Hetero-

pneustes fossilis)!' i) VB, T7 3K i, (HRRE LR Y
It (Oreochromis niloticus xO. aureus)!' 1) 75 >R
K. A 2R FFE R A AR VB oK & H T
PAARIERE, FTREAY A LU LA im0,
B R FAEZK i DERDEHSORE 895 ¢ LA S8 oK o
JIE A Ry AR IR (PR HEAR R . A RIBFFE AR,
JXF VB I R it 5 S0 bk i 2 1 oA el o2

TELMERIRZ B9, RIS VB fREHT
FRI T ATREIR, A0 KBS K FRAS £ (Oncorhynchus
tschawytscha)®' . W1 6% (Salmo  gairdneri)®* F1 12 fi
(Channa punctatus)?®" . A5 —LEHF5E, W07EH i
(Ictalurus  punctatus) | K 2% 6 (Scophthalmus
maximus)">V il i J& B 4k 1 (Oreochromis  niloticus x
O. aureus)"' WIHF 5T Fp sk WA K AL LAY REIR o 7EAS
WEEh, S E A a4t AR IF A R B R A
IMFEAR, AF R0 RE2H S50 #1114 21 20 i 250 A 1l 3R 25 R
FE SR T HoAh 25 AL FRA . WESEHED, k= VB B}
JE T2 BT UAE AR AT BE - S 06 # 0 HAth f5ke = A 119
FeE R A S I B s, B AE IR T B
23 R R A A A A8 1 i S P B T T A RELAE o
TEABEFE B 1 B R AT ek, o — 5 A
AT RE R AT 1Y S50 R AN K (8 i) o AT 288 K R
FMAERAIBEFE b, S RS T 10 2 15 14
Z AW T At i (Ietalurus punctatus)! I g
% |t (Oreochromis niloticus xO. aureus)!' S BB 5%
H, ORI R R i VB TR SE I B B T
FUMAEAR o 765 & WWFFEH, Shiau, et al /"4 7% 1
AR 9 & A2 AT RE SRR B S AT G (HE X —
A fr it — PR

TEARWFTE Y, & BLREWR REZH Dk i 5 7 AR
gt lR TR AR 5h, oA K H A & 2 LR AT
DL B A . ARV BRI ST L R BT 2Bl S
PG, AN, XA REE B T A KA IR AL
LTS T T LU B A Y A

5B RENFNE T VBe B AR I S BT R
VBe BIF SO, A7 R B B (A% VB, i A
FHBRGT . FEABEsE T, R 12.7 mg/kg 1 VBe &%
It AT DU S 7 AR 40 £ ) AR LA R IR B R
. SLEe LA, B 111 mg/kg TR B A
— R AR 7 AT R R ZE AR,
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BEFRATTHEM, 1.11 mg/kg H VB U A RE T I 5250 4
M IE R TRk o BT RAFRATIA R, MR 464 AR KR AT
LR ISR Y VB R AR v RE R A (B 1), L
AT FE 0, A SR TS T b A K B o R A A
B, I CATE A5 o DL DL B D 5 B A 1 1 7 R o 22
S g R0

ZE B, SE AR R R R R AE R R
VB ME B 0.95 mg/kg, 24 DA BEHE G il Al
A VS G AT 0T P O AR A, AR T R T A5 Y
HARMPL ) VB K 5N 7.62—11.36 mg/kg.

S % 3Lk
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DIETARY VITAMIN Bs REQUIREMENT OF JUVENILE GIBEL CARP, CARASSIUS
AURATUS GIBELIO

WANG Jin-Lin"? ZHU Xiao-Ming', LEI Wu', HAN Dong', YANG Yun-Xia' and XIE Shou-Qi'"*

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan,
China 430072; 2. Graduate University of the Chinese Academy of Sciences, Beijing, China 100049; 3. Aquaculture Divisions,
E-Institute of Shanghai Universities, Shanghai, China 200025)

Abstract: An 8-week growth trial was conducted to determine the dietary VB4 requirement for gibel carp(Carassius
auratas gibelio)(initial body weight of 3.3g). Seven iso-nitrogenous and iso-caloric experimental diets were formulated
to contain different levels of VB¢ (0, 1.11, 3.29, 5.41, 12.7, 13.3 and 27.3 mg/kg, respectively). The results showed that
fish fed the control diet without supplementation of VB4 showed significantly lower specific growth rate, feed conver-
sion efficiency, protein efficiency ratio, survival and hepatosomatic index than fish fed diets supplemented with VBg.
The feeding rate exhibited no significant differences among the treatments (P > 0.05). Fish fed the diet containing 12.70
mg/kg VB¢ obtained significantly higher liver GOT activity than the other groups. The liver GPT activity significantly
increased in fish fed diets containing =5.41 mg VBg/kg. Liver VB4 concentration was highest when fish fed the diet
containing 12.7 mg/kg VB,. Based on the broken-line method of the relationships between specific growth rate, GOT
and GPT activities and dietary VB¢ concentrations, it can be concluded that the dietary VB¢ requirement for gibel carp
was considered to be 0.95, 11.36 or 7.62 mg/kg diet.

Key words: Gibel carp (Carassius auratas gibelio); Specific growth rate; Vitamin B¢requirement; GPT activity; GOT

activity



