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ARRRMELER C WKy BFERKRAARTME S ST

AR, e, B, TAE

G T A8 ¥R KK = BT 5T BT #F T ¥ 313001)

WE Ay (Culter alburnus) BP0 ERE B PR I0AE S FHIF MRS B 5 0 mg/ke.25 mg/kg.50 mg/kg.100 mg/
kg.150 mg/kg.200 mg/kg 1 400 mg/kg K G 4E 4 2% C(V.) , Bl 7 F0 LI 4 BE, (AR W1 2R AR BT 8 A (3. 71+0. 11D g B
THRGE,, BT8R, BN TRABEINES, #REYH, BEANFM V. ARK SR EEEEBEML T HAM V, 0
#H(P<<0.05), TR H V, mINEAH 0~50 mg/kg i , % 1 {418 EH B E& %W\ (P<<0.05), A EEERERNE MG INm -
F., B MEREM A, HAKMERAFEFEERLMP>0.05), ARFHEEZ CHEMEN 0 R 25 mg/kg FT, 7K 3%
EMEARMFEMT EMEEA (P<<0.05), BREED V. AFEGEMEBNFHBHAMABEKEY TREZW (P>
0.05), WIAHHARMERE BREER D V. I IME KM AN B, Z#F 2 FEMKRKRP<C0.05), M EM U MRS
BV, % INE<<100 mg/kg I, BEAE P V, 8508 0 KT A B B A (P<C0. 05) 8 & T 3L in 8 1, WA B8 B A iR

MEABERNEN LA WE EEZHLP>0.05),
ken line model) [F] V3 73 #7 3R 15 3 15
2007,14(1):106—112]

KB MG, s HEERX CGAEK RN NRE &
FESE S S963 XHkFRiREE A

et C(V.) XFR L-FUdk Mg, & K )4
MR B A o 72 o il e 52 D
BT, 72 & G A 23 B 5 A & I R R 2H RF0 B R T B
TREEENEAN, R LRIER G2 54N
AL IR T S N | AR BE B PR IR ST | 18 ST A G R A
W hEFDREMTT, BB AR AYH
(Polyodom spathula) . 63 (Acipenser fulvescens) .
LRI (Acipenser baeri) . H i (Acipenser
transmontanus) « B2 & (Mustelus manazo) .-t 82 4
(Petromyzon marinus) VRN (Dasyatis akajei) AT
Ehtfh (Lepidosiren paradoxa) F G M BH G/
V. WIfE T 40, W8 F 0 28 TR N B2 L7 o0 1R o
LB T AN B % A BV, [ BE Tee T8 IX B A 2
MEDFIRAG V. IR HE, FRIRHE AL E
Biep V. R EE OH A D IRGE, (BIX 5T 45 R
SRR A Sl I VA it AR T =R A NI T
R—e971 W, (Culter alburnus) &85 X
WK TRTE A, 0 HE SR KRBT 5 A WIRIE 25, H AU
U8 B T SRk 2 A0 R oo R KR 3

Wi B #7:2005—11—07; 11T B #3:2006—05—11.
E &I B Wi 4 AL = KT E (2002C12016).

23 A LA £ A 3 B 2R AT B B R R M BR N P8 AR, £
AR V, REEBME S PN 53 mg/kg 1 97 mg/kg, [ EK=R %,

2 37 £ B T (Bro-

X E%HE:1005—8737—(2007)01—0106—07

P G2 AR WAR RV, EE KPR RIE, A
WHyT R BR EEW IR ik, LU T A R W EC & 1A R A
Ve BIE BB E, O T A R BC A 1 R B AR AR
¥

1 MRE5FE

1.1 LEER

PAZK = FR 58 4 o ok (R &) VIR S k0 L BRI H
FERE TR L VR FP R RS <5, B RGEE I ) B (2 V.
HEAN 9.8 mg/ke) , HALH KRB BAVE 77 BLoy
WA 1, e BRI R 2 S 0 AE 24 T b R
8 0 mg/kg.25 mg/kg.50 mg/kg.100 mg/kg.
150 mg/kg.200 mg/kg 1 400 mg/kg I EJE V. , Bl 6] 7
Fhezaa L, BV, BN RAESIZ) =R, T
WS ERN 94.5%, TRERHEIERT, &4 B
FF A5 JEURRRD K BB 4 #0E T AL A28 0. 355 mm iR 3 7 ,
PR ER G S EHERBERA R 1.2
mm R, AT EET —10 CAEF &M,

EER N HFEHQ6—), B, mA TR, TENFAKEFRSHER . Tel:0572—2045349; E-mail:aqua _ labjm@yahoo. com. cn
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Tab.1 Formulation and chemical composition of basal diet % DM
J5 Kt TE il % TE
Ingredients Content Chemical composition Content
K75 %8} Aquaculture grade fish meal 30 1% A Crude protein 41.18
¥ Ef] Defatted soya meal(extracted) 15 H e Crude lipid 8.72
#Z i Silk worm pupae 10 X 4 Ash 10. 86
B2 E; Brewers yeast 5 T & E ¥ Nitrogen-free extract 39. 24
M Wheat 18
£ i Fish oil 3
WK Dextrin 12
5 &5 4 P Mineral premix 6
& % 4% (R4E V,)? Vitamin premix (vitamin C 1
f;g:\l)’ifﬁrﬁr‘4’f%fﬁ(g/kg) :FeSO4 + 7H20 15,CuS0; + H20 0. 3,ZnS04 » 7H,0 10,MnSO; » H; 0 0. 5,NaCl 30, MgS0,40,Ca(H:PO,) >

400,KI 0. 05,NazSeO; 0. 005,CoCl; » 6H20 0. 5,3 7 4 503. 645.
DEEZH(mg/ke) HEFE AL0,H4EFE DO0.05, 4EFFEE 400,44 F K 40,44 & By 50, % £ & B, 200, %4 & B; 500, 4 £ % B, 50,
YR By 5,44 F By 15,44 & By, 0. 1,18 ,2 000, FALAEHL 5 000.

Note:1) Mineral premix(g/kg mix) : FeSOs + 7H20 15,CuSOs *

HzO 0. 3yZnSO4 .

7HzO 10,MnSO4 * HzO 0. 5,NaC1 30,MgSO4 40,Ca

(HzPO4)2 400,KI 0. 05,NazSeO; 0. 005,CoCl; + 6H20 0. 5, zeolite 503. 645.
2) Vitamin premix(mg/kg dry diet) : Va10, Vp 0. 05, Vg 400, Vk 40, Vg1 50, V2200, Vg3 500, Vs 50, V7 5, Ve11 15, VB12 0. 1,inositol

2 000, choline chloride 5 000.

1.2 XB&ERSH

S £ PR WA YR K K BIE ST S 5 £ 3
6] — 55 & it i B A A, A BT & (3.71£0.11) g,
SEWATTRRMAMEEAS S B R 41% 1K 8 5 8 6
LR PER (R BHEC 77 2 2% SCiR[9 D WIFR 2 A, BE
BLaZR3I 7 43 EEK 21 RS2 KA, B4 M A
25 B, BALRAMVBARELR 2,8 ZRK
R, S AEERAKNYVGEERETEEEREP>
0.05),
1.3 W@EFEAEEKR

T W FRYE A BN 500 Lt K 3[R AR T 3 3
IKH (B A2 90 em) 7, I AS7K 300 L, 7K¥E 4 & 6
AR R Bl 4k B o ) B S SR K, H K AZ #2509,
HiESER A, BR 82 00,122 00 116 2 00 &+ 17
1R, IREHE A RF4E 3~5 min EEIEME, WIE
LIRELE 8 B, AR BIE, BRI KR, AR IE S 23
~26 C;BAME 1 RAF, WES R A . pH 7.3~
7.5.DO 5. 61~6. 48 mg/L.NH;-N 0. 26 ~0. 28 mg/
L.NO; N 0. 035~0. 066 mg/L;NO; N 0. 25~0. 35
mg/L,
1.4 B#EHES5S4F

W 5E 90 TRL R SR IR 45 RS YLk 2 RSk
o CRERE 5 ROy i, FSERR S SR JE ULk 2

R S5, BEAE 55 B 10 2, BUDL PR e 600 T B
fEH P B MR & |MAT R BN e, tLFE S
J7EH 2105 CH ST BRIENE K4 5 = d K E A
I SE R AR s F TG K 2B R, 3R A T
FEIE U7 5 45 2N B BA Y 550 C Bk I MK 4 5 22 A
TAPEL AT A 2 rh A M R B A BRI O
EIGE
1.5 EHRRHEHE

TR g 5 o e, N S g fa AT AR B R O 3, £
EREE, AR ETENT .

HE 22 =100 % X (W sk B 3/ s R 2D

BREME=100% X[(BFENE—AFY R
&) /Y E]

FRME=CERGE RN BFREERE LT
R ) /AN R R

HARMFE=0AEER/EATREAE

JHAR$8 H =100 % X (BT B & / fa 1A &)
1.6 ¥BEHITHE

R DT 3 (8 £+ bR iR (X £ SE) & i, 1
SPSS for windows11. 0 4t vt %% 1 £ 17 2 48 45 of
ST, IEEAR SER A B A B E T ZE 5T one-way
ANOVABTTZREZHR R, MEBFEEZR (P
0.05) , JI¥f Duncan’s % & L& 5 17,
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2.1 &FEKIER

BEBRMARAKFE V., i me 8 &5, %
Wt R R AR R R RO AR
MR HSFER 2, AR 2 WL, MELHM V.,
TR R SE 5 A R 2 R T A V, A (P<
0. 05), M HAth V, ¥ 0 & 41 |) 52 56 0 1 TS R L &
FEF(P>0.05) Wk H V, i INE N 0~50 mg/

0. 05) , fa {438 i & b6 i hn & 1 38 b0 235 B, (B
InE ke K, AR AE A BE RN (P>
0. 05) , £ 4 £ 5 74 (Broken line model) [F] )3 4t %
B D, 70y M A B R EKE, mRH V,
IR INE N 53 mg/kg, kT V, &MEH O
25 mg/kg BT, TR AR M E A AR E BEKT
N N8 >>50 mg/kg A& S5 4 (P<<0. 05) 5 1 B o
V.irmEXN SR A ARt EEEme>
0.05),

kgif, ZMEXNEAFEREFEZFRZR(PL

F2 AW, BMERER
Tab.2 Growth performance of Culter alburnus fingerlings n=3;X+SE
Vcﬁb[l%/ y’ E=N 4 B=N B 0, 3L 2% /0, R ] Al 2% Ml 2% 5 3 0,
(mg + kg 1) BRYRE /g BRERE/g BHREE/N RIEER/X SRRy & EHEME  AREE/%
g° %8 Initial body Final body Weight Survival Feed Protein efficiency Hepatosomatic
Supplemental . . . .. . .
L weight weight gain rate efficiency ratio index
V. in diet
0 3.69+0.15 6.08£0.28* 64.70% 5.44* 68.00%8.33* 0.4740.03* 1.14£0.07*  0.65%0.01
25 3.76+£0.08 7.35+0.34"> 95.51% 8.08" 90.6745.81° 0.4940.01* 1.19£0.03*  0.76%0.04
50 3.8540.09 8.78+0.10° 128.284 5.24° 97.3312.67° 0.63+0.04" 1.5240.09™ 0.662-0.02
100 3.6240.09 8.96+0.39° 148.50%15.53° 93.3342.53" 0.67+0.05* 1.63+£0.11° 0.67%0.05
150 3.54+0.15  8.294:0.32° 134.59% 8.05° 92.0042.31> 0.58£0.02° 1.4140.04>  0.5440.03
200 3.76+£0.12 8.89£0.17° 136.65110.25° 94.6745.33> 0.60+£0.01> 1.46+0.03*  0.6540.04
400 3.7740.06 8.54+0.05° 126.58+ 4.67° 89.3312.67° 0.63+0.01" 1.5430.03* 0.653-0.04

ELE-AIREETE LN EX T ERTE EEER(<0.05).

Note: Values with different superscipt letters in the same column are significantly different(’<<0. 05).

2.2 £BEFANSE
m&3 W, ERmas 8 AmEFER, 2K

oy A B VR U AV K 7 & B AE % SE R A R
FEERP>0.05) , N ZEEF V, BIMEKEW,

*3 2EEFRAK

Tab.3 Proximate analysis of whole fish body n=3;X+SE; %
V. &ME/(mg - kg™ ') K 4y HMEA A8 e Wiy x &
Supplemental V. in diet Moisture Crude protein Crude lipid Crude ash
0 76.5540. 25 16.6240. 09 3.91+0.11 3.1940.01
25 75.4540. 49 17.1540.18 4.4340. 30 3.2340.04
50 76.08=0. 73 17.0940. 53 3.98+0.22 3.2640.03
100 75.9240. 64 17.0440. 26 4.1440.43 3.20+£0.12
150 75.86+0. 24 17.1940. 11 4.1240. 26 3.25+0.05
200 75.9140. 39 17.1240. 35 4.2440.16 3.27+0.02
400 75.3940. 54 17.3340. 28 4.584+0.12 3.10+£0.13

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

18

PR B 55 PR PR N4 2L R C XMy SR E R RERTHIT MRS 8K 109

2.3 HALAHRIALEESE

B 4 7T 0L, WL A AR I R & = () Bl R
OV, B INE ) Mg R AR BT, B 2 E AR
X% (y=0.051z+21. 482,R? =0. 889 5, P=0. 000
2), HFERFHTLESEQEEE V. =
<100 mg/kg BT, FEES N2 W38 o 23 B (P<<
0.05), 2 EMx K% & (Y =0.968z+77.350,R?* =
0.968 3,P=0.000 0), L ¥ ImE AR H &, WA R

B LR MR AP B R AL IR B AR, &4
4 #5714 (Broken line model) [ = 73 #r & B (&l 2) , AiF
P E o 0 VR I R Ak F 4 R, 4ERE T VB R ARR
&N 97 mg/kg, W44 b IR L & B 7E AR
V. 48 A% T H Al % 258 41 (P<<0. 05) , i A & o
V., &mINE N 25~400 mg/kg M & TR HA T BF
ZRH (P >0.05),

x4 A, ALAPHRTMRESE

Tab.4 Ascorbic acid levels in C, alburnus tissues

n=3 ;Y‘L‘SE;yg/g

V. #INE/(mg » kg™!) NG| A FE A Jidi
Supplemental V., in diets Muscle Hepatopancreas Brain
0 17. 60%1. 42* 65.17+2. 42* 172. 614 4. 55
25 21.97+£2. 72%¢ 110. 77+1. 82° 268.22+13.02°
50 27.294+5. 84% 136. 31+4. 24° 263. 86+ 8.47°
100 26.20+2. 81 166. 61+2. 00¢ 296. 06+11. 63°
150 31.46+4. 73> 177. 82+5. 29¢ 286. 55+11. 50"
200 32.6315.53™ 167.57+4. 30* 281. 92+10. 50
400 40.05+2.18° 172. 38+5. 71¢ 271.52+ 5. 86°

ELE-AIREETE LN EX T ERTE EEER <. 05).

Notes: Values donated with different superscript letters in the same column are significantly different(/><<0. 05).

2001

—_

W

(=
T

*$E§

100
1.271 6x+64.373
"=0.8918,n=9
=0.000 1

RN )
Weight gain

y
R
P

0
0 50 100 150 200 250 300 350 400
gLV A I B/ (mg - kg )

Levels of supplemental vitamin C in diets

1 HRF V. RnE5afE e xR
Fig. 1 Relationship between weight gains and levels of

supplemental vitamin C in diets

3 i

SRS, 5 R o RV 0V, B, 0
£ F 5% N JK B (Ichthyo phthirius spp. ) 35 2E, BGiE %

(=}

y=0.968 3x+77.350
R=09170,n=12
P=0.0000

x O N
==

T 18 W A B A 7R 5
Hepatopanreas ascorbic
F e
(==} O"
T ™

N
(=]
T

50 100 150 200 250 300 350 400
AV R B/ (mg - kg

Levels of supplemental vitamin C in diets

(=]
(=)

2 RS V. FEINESHERINREE RN KR
Fig. 2 Relationship between hepatopancreas ascorbic acid

levels and levels of supplemental vitamin C in diets

B FEG, TR SER IR, HAh % 4 s2 i 15 ok
ARG, B, TR RNV, T RE T LA o
ERAMEETERRENE S, ZNF 56
(Onchorhychus mykiss) B S EEMEHE V, 1
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TR, BB B AN SV, BRI R A B R (k-
thyophthirius multilis) 35 2 166 11 B s AH 28 A0
AEG S AT V. R SR 4 8 R L
Hoftn V, R ZAEAEIR, AT BE 5 RN R S —
BV, MzERARafERRER K, BER
Zi A ES, V, I INE R 25~50 mg/kg 9 2 AL 4
hoEbEER AR AE D IRBNE KV, st
ZAEAEAR  AHABLE B S A X Atk £ R B P
AT SRR ST A, B RV, & EIA
FIREERKT RIS E0, FFAZLIPT LG Z
RE BT H IR,

W, AR E V, S E8ALHNERES S
AR, TR R R R B 1 R BRI 5 A TR R
MV, ERFRGELEE, IR EE R RMET
B %, XWRER BN V, 7 & B BRI L TT
T HE 25 B 22 A F AT 0T # 28 AE KA A e 8 A DT,
B Rt V, KR INEE R —EKPE, iR
NnE, A ERKEEIF ARSI, XFEME
1 e Y 5 8 53 IR R B 5T 45 SR AR — o0l

W, MR EAR V. BN EE 8,
AR E FEH A2 5xt Z 4 (Oreochromis
.s’pilurus)[m 4 3k 1 (Sparus auram)[u] B BT 57 &5
B—F, BX AT A KA (Epinephelus co-
ioides ) SE BoR, WEL OV, 6 Z BOE RE3
EHGEEETE TR, AHAEREZHHAR,

A SEG B I E B Wy f8 R 3 A 2H 2 ch A I
255 B AR KO il B BRI R LA, 5 o0 & 4k
8 (Oreochromis spilurus Y2V, 5 41 8 (Oplegnatus
fa.s’ciatus)[zs] MK Fwm (Sebastes .s’c/z,legeli)[m] 5]
Bt as RAR— 20, WUA S5k Mg & 2 5 Wk )
V. B InE ROEA S R, T H I & B Frill £ 1) 3
AR REH, Al-Amoudi Z21A N, X2HT
WU PAT 4 23 3 BR P BT S0, WILIAT o A 0 3 I R DA — A
HHBENIBEANEFE, BEES 5 EHED, M
w R AT o U MR B S B R V. S
BRI EE L, EERNEER - EREE, 4%
SN, UL R Ch PR I R K BT ADIRES , IR
55 20 50 10 45 SRAR [F]Leo1e1720.26728] - 48 2o gy
FMBRE 2 FH A TIFMm AR v. REBKE
#% . Foumier S0V Bt — 35 58 I, JFF AL 470 34 M. 2 740 A0
TR 2 A H M it XV, R E R R T R IR
5,

TEAR I 4 AT, LRSS = bR, SRS Y
w BEFREEF V, FIEERMESN 53 mg/kg, U
JEE AT T BUSA 0L B2 7K S R i A , SR A9 0 My £ 1R
V. HEERMNEN 97 mg/kg, FEE T E,
PR, MRS V. S IE N 50 mg/kg HI3E
WG, AN LR AR BT hEH=E
i 17 U >R 0 W, LA 8 4k 88 B O F8 A% SR T 2 1) R A
V. B mE M AR e LSy EW AN
FTE, Bk, DUR BF BE MY o 50K I 82 7K F 0k 2 A0
B, R VB BRGS0 B R AR R e A 1
B S BRI EREFE T ],

SE
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Effects of vitamin C supplement in diet on growth performance and tissue ascorbic
acid levels of Culter alburnus fingerlings

CHEN Jian-ming, YE Jin-yun, PAN Qian, WANG You-hui
(Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: Culter alburnus has become a new aquaculture candidate in recent years. With the expansion
of its commercial farming industry,the demand for developing cost-effective formulated feed is increas-
ing. However,few dietary requirements of this species have been defined. Vitamin C is one of the most
important essential nutrients for teleosts including Culzer alburnus. The objective of this study is to e-
valuate the suitable level of supplemental vitamin C in a practical diet. Seven test diets containing vari-
ous levele of dietary vitamin C were formulated by supplementing coated vitamin C. The levels of vita-
min C equivalent supplemented in the diet were 0 mg/kg, 25 mg/kg,50 mg/kg, 100 mg/kg,150 mg/
kg,200 mg/kg and 400 mg/kg dry diet respectively. The diets were fed to seven fish groups in tripli-
cate for 8 weeks. The initial body weight of the fish was (3. 7110. 11) g. The results showed that,the
survival rate of the fish fed the diet without vitamin C supplement was significantly lower than those
of other groups(P<C0. 05). Weight gains of fish fed diets with vitamin C levels ranging from 0 to 50
mg/kg showed significant differences(P<C0. 05) and had tendency to increase with the increment of
supplemented dietary vitamin C. But further increasing of dietary vitamin C supplement(to levels a-
bove 50 mg/kg dry diet) did not increase the weight gains(P>>0. 05). Fish fed diets with 0 and 25 mg/
kg of supplemented vitamin C had significantly lower feed efficiencies and protein efficiency ratios than
those in other treatments. The hepato-somatic index and whole fish body composition were not affect-
ed by dietary vitamin C(P>>0. 05). Muscle ascorbic acid level increased accordingly with increasing of
dietary vitamin C. Hepatopancreas ascorbic acid levels increased significantly(P<Z0. 05) when the lev-
els of dietary vitamin C increased from 0 to 100 mg/kg,and appeared to reach a plateau at the level of
100 mg/kg and higher. Broken line regression analysis of weight gain or level of hepatopancreas ascor-
bic acid showed that the optimum level of vitamin C was 53 mg/kg or 97 mg/kg respectively. Since
some fish in 50 mg/kg vitamin C group were observed to have body deformities, which was reported to
be one of symptoms of dietary vitamin C deficiency, the minimum level of vitamin C for normal growth
may be lower than that required for the normal development of some specific organs of this species.
For this reason,it was recommended that the suitable level of supplemental vitamin C to Culter albur-
nus diet be about 97 mg/kg dry diet. [Journal of Fishery Sciences of China,2007,14(1):106—112]
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