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(1. REKPER EmAF SRR, TT K 116023; 2. T TR BKKZHGR, T 1L 111000

TE : F9700 (Pelteobagrus fulvidraco) RN LR /KIFEAN %, R BH ARG HIHEE O LA R C HBHENFEES D
FHE BB AR C MEKRGERSY B 5 AWRE, MAER C RAEFEKNNRNEEHEERR. &
ML EIKIEC22.0 £3.0)  CF B PR E 10.0 g (5 A 4) S MFFTE 30 1 60 em x 60 cm x 120 em AT /K PI4H
R HRE LR R R, R (8 40. 0% RUHE G T 8. 0% 1 4% 1KLL, 1 300 mg * kg ™' .600 mg * kg™’ .900 mg -
kg™' .1 200 mg * kg ™' 1 1 500 mg * kg~ KIFIE S B IN4E AR E C BB OB 44 & €. 290 d HEZER MY, Ak
e C HRRES A IR YA % C RINE 2514 1 110 ~ 1 200 mg « kg ™' A1 659 ~900 mg « kg ™' i, B &t £ K Bk, 1A
BRBER RINEA 1 200 mg. kg™ 71600 mg. kg ™' T, M17E M B AR ER =:961 mg * kg™ #1981 mg « kg™ B, IR
M 747 mg « kg~ A1 507 mg + kg U SEREETE B 1 014 mg - kg T 1919 mg + ke, R ENE A, A
4R C MR L TBMEE 44 R ¢ R 5 AR R IR ER A BEERE R B hEa . [FEKE

#14.,2006,13(6):951 -958 ]

A EIAEAREEE GER BN
P E 2259963 SCHERFRIRAD: A

YR C —RERBRIEF LML AT D
MBS TR, REEH A f-baeas-> g
SR BHELRR CA, RBH MR Z IR N R
1L/ ( L-gulonolactone oxidase, GLO) 4~ HIXFhEE
I3, WA ANEAN TR . (R, A C ARRE, TS
WAL R A P AR AR P T AR D BRI &
RUEAE 2 C, TR I UEE I ARG E 44 % C, B
AFIFIRFAEAE T C BN AR AR .

B J 44 ( Pelteobagrus fulvidraco ) f& #7 24 1% /K 37
XS, FEAMEE G K. BAiaRE AR
FREHA MR, (B 55 %K 7 0 B 3f
N2, ZHOIETIE R 4 R TR, B Pt kY
EEHEA S BRI 34% ~44% " ; BRI 0T
FOANA TEHEA & ER 42.5% MR, %
YEA L 67% B, B ad K, BifEm. &
FHNEMRMANFER, 25 REMD>. EE
DAHT BT R B, 72 N L7258 B, 76 10k 3% 0 600
~800 mg * kg ' 4EA R C THERER, RE(T L M b

Yris H #1:2005 - 08 -24; 51T H#A:2006 - 04 - 10.
AEEWMA: IT4 BAREESTE (2002215).

X E4HS:1005 -8737 - (200606 - 0951 - 08

A, 1 A S g, R S R (B R
X ARFEIF YA 2R C R, BT R WRIE .
R L, A= T 2004 45 ~10 AR T 44 % C
BRI A4 AR 2% C M FAEAERK KRB AN
W, BN EHEEHgEER C R, REFREN
RAE B

1 #MR57E%

1.1 XL&

LRI EL T LT EEFRE AR, T
K 9.7 em, KRR 10.0 g, B FRULHRIE, M 1 200
P B ALk A% BE ST R ) €0 750 B, &
SRPEE TS, B 130 41, B4 25 )2, T
A 30 4 60 cm x 60 cm x 120 em ¥4 1, 50 10
Pl AMARI AR 3 AN EE . MAEE 4 MY
ViK1 6.0 mx2.0 mx1.2 m FI7KIBHBH .

1.2 EIiEH
Pl R A EE, DA asm ER 12 1A

TR BT 2301979 -0, Bl £, 5, AFKPFRER R, A JCERFiERZ /A RAF T

BIRMEE : THAHF. Tel:0411 - 84763528 ; E-mail: jqwangl 950@ 163. com

1) Dabrowski. K. Ascorbic acid in aquatic organism—present and future. Aquaculture 98 Book of Abstracts, 1998, p. 133.
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ey, Bl A S M2 1 40. 0% HLAE T 8.0% 1F C-341).1200 mg * kg™ (P -4 450 C -4 4).1
FEHIRCREEE LN 19 M] - kg™ ), FEWE P4 500 mg - kg™ (P -5 4180 C-541), W& 1. Mk
BITNIN4EE % C RFR (P 4D BB BEE R c(C /MR FR BRI S8 T 6w A U B
#1)300 mg *+ kg™ (P -1 A8k C -1 41).600 mg BT 40 C, BUR H 1 0.3 em, K/¥ 0.4 cm,
kg '(P-24TC-24).900 mg - kg " (P-3 Ak TR -4 CEMETFHRELS.

F1 TEEANNERRERMS

Tab.1 Formulation and proximate compositions of the experiment diets % ,DW
%> Composition p-1 P-2 P-3 P-4 P-5 (-1 €C-2 C-3 C-4 C-5
EC 7 4y Ingredients
Fh&H F) Peruvian fish meal 61 61 61 61 61 61 61 61 61 61
H1#% Dextrin 16 16 16 16 16 16 16 16 16 16
#ifig oil 8 8 8 8 8 8 8 8 8 8
43 Cellulose 11 11 11 11 1 1 11 11 11 1
S48 ¥3:> Mineral mix 1 11 1 1 1 1 1 1 1
5444 %Y Vitamin mix 1 1 1 1 1 1 1 1 1 1
RPREAER
Carboxymethyl cellulose 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
H A Other 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
V/(mg+ kg™ 300 600 900 1200 1500 300 600 900 1200 1500
sy
Approximate composition
HEE H Crude protein 41.01 39.66 39.79 40.16 39.74 39.52 40.53 39.99 40.26 40.97
ARG Crude fat 8.47 8.78 9.09 9. 86 8.32 7.60 8.06 7.50 7.70 8.39
A0 7% 4% Crude ash 8.55 8.63 8. 68 8.69 8.70 8.56 8.58 8.62 8.57 8.58
7K 53 Moisture 7.41 7.25 7.28 7.11 7.58 7.79 7.51 7.76 7. 64 7.39
$ Carbohydrate 34.56 35.68 35.16 34.17 35.67 36.53 35.33 36.12 35.84 34.67

BEEE/ (M) » kg™
Gross energy
V./(mg -« kg™) 307 589 913 1232 1497 290 605 895 1187 1519
F:LLP<0.05 HAER BE.
DP RREER CHREEP-1~P-5 HAHREMESH N 300 mg « kg~ 600 mg « kg~ .900 mg kg ™' 1200 mg * kg~ -1 500 mg * kg ™.
20 ETEEAEE COLRER /R E M ARER AT, C -1~ C -5 41E7R 5154 3% 300 mg - kg~ 600 mg * kg 900 mg -
kg~!.1200 mg * kg™ -1 500 mg « kg~!.
3) 5 Wilson( 1991 #E 72 0BT A N BHIE & W2 45,25 mg « kg ™15 49,5 mg « kg ™' s 57,200 mg « kg1 :%%,30 mg « kg ™' :45,0.05 mg *
kgl
4)% % Robinson( 1989 i 9B A N B E & H4EE .V .4 400 IU « kg™ V22200 1U « kg™ ; Vi, 66 1U « kg™'; Vi, 44 mg « kg™!;
Vo1l mg « kg™ Vg, ,13.2 mg « kg ™' ; Vg, 11 mg * kg ™' ;2 #2,35.2 mg * kg ™' s 2,88 mg « kg ™' s M#2,22 mg « kg ' Vy,,0.01 mg +
kg ™! EALHEDE, 275 mg - kgl
5)% % 0.02% ) BHT A0 0.3% i) 1 547,
Note: Different significance at P <0. 05.
1) Group P was fed with supplemented ascorbic acid-2-phosphate; the contents of ascorbic acid-2-phosphate in groups P -1 to P -5 were 300 mg *
kg™!,600 mg  kg~!,900 mg * kg™',1 200 mg - kg~' and 1 500 mg * kg~!.
2)Group C was fed with supplemented coated-ascorbic acid; the contents of ascorbic acid in groups C -1 to C -5 were 300 mg * kg ~!,600 mg *
kg™!.900 mg « kg1 200 mg * kg ™! and 1 500 mg * kg .
3) Mineral mix( mg * kg ™! : Mn,25; Cu,5;Zn,200;Fe,30: Co, 0. 05.
4) Vitamin mix( kg ™! ): V4 400 TU; Vpy,,2 200 IU; Vi ,66 TU; Vi, 44 mgs Vg, » 11 mg; Vi, 13. 2 mg; Vg, 11 mg; pantothenic acid, 35. 2 mg; ni-
acin, 88 mg; folic acid,22 mg; Vg;,,0. 01 mg; choline chloroine,275 mg.
530.02% BHT and 0.3% sorbic acid.

18.97 18.97 19.03 19.25 18.80 18.61 18.83 18.62 18.71 18.95

1.3 AFEHE W, R A3 RIE 1K, (RFFFE 7.0 mg

SR AR A (22.0£3.00 C,AI45 K -L7'AA. 515 RFE&AGAIE, HHgESR
HIAEN 5% , )5 45 K0 3%, BR 6: 00 F119: (weight gain rate )WGR = [ (KA E - WA E )/
00 %3 H A = 1 40% I 60% . & 3 Rk 1 WIE R ] x100% , 3 DAL 343 1A =
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1.4 HWH#AE

SERFF UG NS I R BN £ 10 B M2
M 28 PR R R 47 9 5 mL B0, S0 A AR A AL
S PR AR B A AR bR . FEah 2 AIAE 75 C T2
EE AR ECEA x 6.25) RIKMRIL
CLAZBE gl B2 ) « S A8 #2550 CO5 h A
BB W 78 7K 43 LR R U A 23 RIVREL £ 4 1)
o HEEERG LR YIS = W gt
RCEEZHEE2EER 22 877N
N ML R R S N RS ) 3O
L10 ] By ¥ 52 . ILVE 44 C3 RIAME C4 & &
FH AR I ZE 56 201 BR Bl € .
1.5 SHULBEERMENE
1.5.1 SEAEEFEENE &BERABEREERER
— B A RN 7E pH 7.5 MRS B K
A5 mg e L7, fF — @ W8 T 7R 15 min, DAEES)
PREAMKBERES 71 ng BERN 1 NG

LKA
1.5.2 EMEEEMENE TeniEs I HTEn - HE

EIANE. £ pH 7.0 A1 &£ 7,30 min 4 1 mL
PR SE 427K 10 mg JEBT A 1 ANSERIBET ) B A7

1.5.3 FERFEEE M SR EEM ok
SE o Bk AR ST A 1 54 B FE Y NaOH 1
TR /R H R, BT unit + Cmin™ © mg™" ).
1.6 #iEsE

BT SB35 ) SPSS1L. 0 B A HEAT H 5 P 4
57 Z 41 LSD £ E .

2 #R

2.1 FRFBMEENHEEZE CHEEKNEM
PREER CHREEMOEAEER CITEH
300 mg « kg '3 03 1 500 mg « kg™, A KR
RIS F AT RAR(FR2) . EIRINGEAE R C R
BaéH A, i N E 4 1 200 mg » kg ™", 5 44
ERFEEECP <0.05) /T H Al % 4 7235 in R
R C A, B INFIE A 900 mg « kg™ B, ¥
FEMEKEEEP<0.05) 5 THMEA. FE
FARTES, FE AR R v s B0 4 A 3R C R, SR Y
ARHEER TR INgEA R C B A R — ot
LS E RO NERINER Y, mR At KR
RETAEA R C R EE MR & C AP
TRINES 510 1 110 mg « kg™ F1659 mg * kg ™.

*2 BRETEANEMFEHLES CANMNERGMNERMEHIIHEE
Tab.2 Growth performance and dietary utilization by yellow catfish juveniles at

different dietary vitamin C levels of different sources

n=10;X +SE

FE4T Item

PY-1 P-2 P-3 P-4

P-5 ¢¥-1 C-2 C-3 C-4 C-5

Ve/(mg * kg'l) 300 600 900 1200 1 500 300 600 900 1200 1 500
e s T P R 0 s e g s 00 7
tk R B FCR 2i):.;éltli 201 101 26?‘;31 1(;.7144f 26?‘;71 1(;.8196f 1(;.8158f 1(;.7115f 1(;.8126f 2&).2?91
I AR AR A R A iy i A R

FDPFRREAER CHBRE.P-1~P-5 ANELE C HREERNE S 51 300 mg « kg™' 600 mg  kg™'-900 mg « kg~'-1 200 mg *

kg™ 1500 mg - kg~'.

2)C FAEBAEE COREB KA EARBRAT),C~1~C—5 4 HNEHEESZ C RIS 5% 300 mg - kg~ 600 mg - kg«

900 mg * kg ~'.1 200 mg * kg~!.1 500 mg - kg~'.
3)aMb RRIZESFITHHEMEEZ BEZREE(P<0.05).

Note: 1) Group P was fed with supplemented ascorbic acid-2-phosphate: the contents of ascorbic acid-2-phosphate in groups P -1 to P -5 were
300 mg * kg ~!,600 mg * kg~',900 mg * kg~*,1200 mg * kg ™! and 1 500 mg * kg .

2)Group C was fed with supplemented coated-ascorbic acid; the contents of ascorbic acid in groups C -1 to C -5 were 300 mg * kg ™!, 600 mg *
kg™!.900 mg kg ' .1 200 mg * kg ™! and 1 500 mg * kg~!.

3)a and b denote the significant differences between the means in the same line( P <0. 05).

WGR - weight gain rate; PER - protein efficiency ratio( weight gain in g/dietary protein given in g); FCR - feed conversion ratio.

2.2 AREFIBEFESHEE R C HRARIRLRIZ N
TR IN4EAE 2 C BEERER 1 200 mg - kg™ i,
TR ASRG(1.74), BF(P<0.05) B EE (P <

0. 01 I T R ALY HABZH C 3% 2) 5 ARl v i n G s 4
A 2% C 900 mg * kg ' AR AFURIR(L 7L, & (P
<0.05) B B P <0.01) % T B B Ay HoAb A ; 7
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PR R C I I BRI, TR R W H BF =
F(P>0.05), HRHE LRI A T EA8 S R A
IR A R REUR AR, 4842 % C BEIRTR AN
FUfRYEE 3R C FER R AR INE 4 5125 1139 mg -
kg ™' 1784 mg * kg '
2.3 AEFIEMFENMEES CHEARYEN
A

TRl YL F C BERRER NS I =S 1200 mg »
kg ™' AADRHIER R AR B (1.45), BE TR
RUHABHCP <0.05)CFR 2); T B AL 4EAE & C 1T
TN 4 900 mg - kg B AR E A RB R ER
(1.50), BE R FRAHLAACP <0.05); 75 = AH
Ik, AN AL 3 G 2 I R L RCRAE 900 mg »

kg1 1200 mg c kg ZMHEFHEREEERP <
0.05), LA IN &M W3 2 5. R —kthk
G THED SO R IR I E R I R e 3 C T
FRERFI AL 4E 4 3 C MR IN&E ) )24 1 110 mg -
kg ' F1796 mg « kg ™' B, S N B A SRR R
2.4 #£HEERCHEMNEXNMFE WIEIRFMF L
REEFRIE N

241 WIFREAIENZM AR RN
B R CHBRERET, A ME R EAS BT R E %
R4 & C FRRER MY 3 C IR INE R
1 200 mg * kg ™' #1600 mg * kg™ i, MiE B HEA S
B (R 3) . ARANE 7] BRI I & ) v SR
EEERAREP>0.05).

#3 TEFBMFELER C WEHE MBEEREVEFHZI
Tab.3 Immunity in yellow catfish juveniles fed different dietary vitamin C levels of different sources

n=10:X +SE
~ AR G

J5H Item - o
PP-1 P-2 P-3 P-4 P-5 ¢»-1 C-2 C-3 C-4 C-5
BEE/(g - L7') 3548+ 3729+ 38.09% 39.06% 36.75% 37.71x 4222 39.77 39.42: 36.89%
TPP .13 2.05 1.48 .67 2.11 1.32 1.44 1.57 .29  1.86
M (e e L) 0.615+ 0.645+ 0.641+ 0.646+ 0.625+ 0.623+ 0.640+ 0.622+ 0.639% 0.651+
gV 8 0.032 0.018 0.049 0.052 0.016 0.022 0.031 0.043 0.037 0.027
/(UL s 620% 6.033x 14233+ 13.253+ 5,657+ 5.410x 8043+ 18.703% 18.257% 7.573x
Frr AT 1.133  1.254 1.364" 1.523* 1.085 1.293 0.206° 1.110° 1.108® 1.347
R/ cy 0793% 0.816% 0.827: 0.765: 0.79: 0.740: 0.823x 0.795x 0.831x 0.820%
& 0.027 0.034 0.019 0.010 0.021 0.036 0.044 0.039 0.026 0.031
_ 0.176+ 0.182+ 0.178+ 0.185+ 0.180= 0.174+ 0.185+ 0.184+ 0.175+ 0.181+
E4/Cg=L™OCA "0 0015 0.020 0019 0.011 0012 002 0017 0017 0015

P RRHEE R CHBRE,P-1~P -5 HMEEF C BERESRINE S 1% 300 mg * kg™’ 600 mg + kg 900 mg « kg ~'~1 200 mg *

kg~!.1500 mg - kg~!.

DCRFEEFEER CCLFRERREYHARERAF™),C-1~C-5 HEPEABFUELER CIHRMESH 7 300 mg « kg ™' 600 mg * kg~

900 mg * kg~'.1 200 mg * kg~'.1 500 mg - kg~'.

3DaMb 2 HETZESFTHHLMAREZ AEABEERP<0.05).

Note: 1) Group P was fed with supplemented ascorbic acid-2-phosphate: the contents of ascorbic acid-2-phosphate in groups P -1 to P -5 were 300
mg * kg ™!,600 mg * kg~',900 mg * kg™',1200 mg * kg~* and 1 500 mg + kg~!.

2)Group C was fed with supplemented coated-ascorbic acid; the contents of ascorbic acid in groups C 1 to C -5 were 300 mg * kg ™*,600 mg *

kg™!.900 mg kg ' .1 200 mg * kg ! and 1 500 mg * kg .

3)a and b denote the significant differences between the figures in the same line( P <0.05).

2.4.2 MIMFAHEBFEEMEW F4E CHR
Fa Al (I 4 A 3 C VR I & 4 900 mg » kg™' A
1 200 mg * kg ™" BsF, £ ML V% V5 AT G VS ME AR R 2 (P <
0.01) /5 T HARZHCFR 3 IR INELARFIR , AN Rl 5 2 ¥ 4
EHRCERREEP>0.05) . &R EERY, 4
£ C MERRER ALY L 3 C IR INE A 961 mg » kg™
1981 mg * kg ™' B, (LT REBEE M B -

2.4.3 XiE IgM MK C3.CA BIE I &

(LR EF AR E R MARF AT &4 &
C (R BB, M35 IgM#MA C3 Fl C4 & E (R 3)
EZRALE(P>0.05),

2.5 AREEE CHIBEMFEX EAELBERD
A

BHARERNARF EMA A %ES E C
R E, WA E S BRI Rk & & B E R
REZEP>0.05), LFE 4.
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R4 EFEMERSTARFNBEMNELLER C EHRMNINANERRS
Tab.4 Proximate composition of muscle in yellow catfish fed the diets containing various vitamin C levels and sources
n=10;X £SE
\ .. #5|  Group
Psr/% Composition —55 1~ 5 p_3 p_g  Pp-5 -1 €2 C3 Cd4 G5
1 [ Crude vrotein 56.96+ 52.14+ 52.42+ 51.58+ 56.82+ 53.73+ 50.79% 51.77+ 53.40+ 58.96=+
P 0.43 0.52 0. 69 0.22 0.34 0.21 0.15 0.32 0.20 0.19
YGRS Crude fat 20.93+ 22.98+ 19.09+ 20.99+ 24.17+ 28.02% 27.83+ 23.41% 23.52+ 23.92=%
0.17 0.15 0.14 0.30 0.20 0.19 0.24 0.31 0.25 0.33
. 9.50+ 9.54+ 9.52x 9.5+ 9.57+ 9.57+ 9.58+ 9.56x 9.54+ 9.52=%
AEJK 7} Crude ash 0.04 0.03 0.03 0.02 0.03 0.04 0.03 0.04 0.02 0.03
WK E 12.61+ 15.34+ 18.97+ 17.87+ 9.45x+ 8.68+ 11.80+ 15.26+ 13.54+ 7.59z+
Carbohydrate 1.31 1.22 1.43 1.25 1.33 1.23 1.25 1.19 1.17 1.20
BEE/(M] - kg'1 ) 23.90+ 24.04+ 23.19% 23.56+ 24.61+ 25.27% 25.03+ 24.11 24.25+ 24.70=%
Energy 1.42 1.31 1.28 1.19 1.30 1.22 1.13 +1.34 1.25 1.33

P RRMEE R CHBRE,P-1~P -5 HMBEEF C BERESRINE S 1% 300 mg * kg~ 600 mg + kg 900 mg « kg ~'~1 200 mg *

kg~!.1500 mg - kg~!.

DCERTABEELEZ CCUREEREYHARERAFT™),C-1~C -5 HNAEELE CEMESH 300 mg - kg~ 600 mg - kg~
900 mg * kg~'.1 200 mg * kg~'.1 500 mg  kg~'.

Note: 1) Group P was fed with supplemented ascorbic acid-2-phosphate: the contents of ascorbic acid-2-phosphate in groups P -1 to P -5 were 300
mg * kg!,600 mg * kg~',900 mg * kg™',1200 mg - kg~'.and 1 500 mg + kg~!.

2)Group C was fed with supplemented coated-ascorbic acid; the contents of ascorbic acid in groups C 1 to C -5 were 300 mg * kg ™*,600 mg *

kg™!,900 mg * kg ~',1 200 mg * kg~!,1 500 mg - kg~'.

2.6

i
2.6.1 IHEMEEEMMENI HHAEE AR
RUFGHIE YA 2R C J5, I8 v b B Ve PR 5 T
L At KRR 50 R IR I A & COBERR
Fi5 1 200 mg * kg™ A1 1 500 mg * kg ™' i, 4 i8I
i i 2 o TR B A AR (P < 0.05) 4
B IR 4EA % C 1 500 mg « kg™ B, i
Bl i 1 B, AR TR R B HAR A (P <
0.01), 751900 mg * kg™ £ 1 200 mg * kg ™" Fit, &
FE TN 300 mg « kg™ F1600 mg * kg™ A (P <

HEEZ C IR EX & FEH L BEE IR

=5

0.05).

2.6.2 WEAMEMEMEZE SISREEAER, B
4% BN AN R LA = ) 4E A4 3 CIRRL S 1
EEEREE T RS R, B EE . A EC
i R K 1975 & 24 900 mg * kg ™' 11 200 mg * kg™
B, B A BV M i MR s T R AL A A
(P<0.01); 7&K 300 mg « kg ™' F, 2 ABEIE M
B A NE B4 & C ARl RERINE A
900 mg * kg ™' i5f, Fa 518 & B PE R R BT b
m T HABA(P <0.01), 1K S.

BF MBS TREMEMTEHER C AR NFEHLEEEE

Tab.5 Digestive enzyme activity in gut of yellow catfish juveniles at various dietary vitamin C sources and levels

n=10;X+SE;U « L}

ST item 45 Group

PY-1 P-2 P-3 P-4 P-5 ¢¥-1 C-2 C-3 C-4 C-5

Ve/(mg = kg ™) 300 600 900 1200 1500 300 600 900 1200 1500
M Amyl 150.39 + 110.06= 130.85 151.04 = 180.19+ 136.70+ 121.71 + 139.77 + 146.02 151.11 =
JEDIRG Amylase 3.2 2.2 215 1.59° 3.24°  2.59 4.56  4.91° 3.78°  3.29"
E E1FS Protei 3930+ 117.37+ 131.49% 119.16+ 53.19x 52.02+ 148.69+ 166.33+ 55.15+ 58.67z
Hy trotemnase 2.43 1.81  3.22° 308 3.13* 1.27 2,03 4.50° 2.19 1. 64
i L 80.00+ 51.67+ 6233z 63.00x 6600 50.33+ 54.33z 46.00% 54.33% 51.67%
RITHE Lipase 3.48° 2,81 2.20°  1.99°  2.00° _ 3.21 2.45 1.89 2.6l 2.57

P R REE R CHMIE.P-1~P-5 HNE4F CHRIERINE S 5% 300 mg « kg~ .600 mg « kg ™! .900 mg * kg'-1 200 mg -

kg~!.1500 mg - kg~!.

2)C EFEBEEEE COIREB AN HAERATT),Co1~C—5 ANEEEAE C RIS 5% 300 mg - kg~ 600 mg - kg~

900 mg * kg~'.1 200 mg * kg~'.1 500 mg * kg~!.
3)a.b FAFTGES FATHMA(E RFEREER(P<0.05).

Note: 1) Group P was fed with supplemented ascorbic acid-2-phosphate: the contents of ascorbic acid-2-phosphate in group P -1 to P -5 were 300
mg * kg ™!,600 mg * kg~',900 mg * kg ™!, 1200 mg * kg~* and 1 500 mg + kg~!.
2)Group C was fed with supplemented coated-ascorbic acid; the contents of ascorbic acid in groups C 1 to C -5 were 300 mg * kg ™*,600 mg *

kg™!,900 mg < kg ™!, 1200 mg * kg~! and 1 500 mg kg ~!.

3)a and b denote significant differeces betweentle figures in the same line( P <0.05).
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2.6.3 XAREAEETEMERIF I AP LR C M
TRTG NI 54 300 mg « kg ™ A, 391 €0 i 3 AR T RS
MR E (RS, B ZE (P <0.01) & T RF B H
A ; 5Ny 600 mg « kg~ E, MR EGE T R AR, B
F(P<0.05) KT 900 mg * kg™'.1 200 mg  kg™" I
1500 mg * kg ™' 4. TRl 0 A 4EE & C R,
H A R ITBEE T E R AR BE(P>0.05) .

3 itig

3.1 BEFEWNARFIRELELEZ CHIFA

BRI~ 2 A L5 4 4k 2= Al e B iR i 4 4=
= C BBRER R R SR E A = C. EML)E,
BT B BUAN R, 75 2R e i R R AR AR
[l. 2578 %' 3E £ ( Oreochromis niloticus x O. aureus ) 45
BRI LAP — MgC L — Hu A ML 2 % % 5% ) Fl LAP — Na
CHUR M R B A2 4% T2 % LAP — SCL — i 3 1 1% #%
BBk M LAMPC L — H 55 I 8 2 e £) 157 iy
Tk, LAP - Mg B9 20U R A4 LAP - Na ) 85% »
LAP - S il LAMP )5 F 200CR B AE D) A 1 1
B NARIE, 11 LAMP % #7 ( Dicentarchus labrax ) W11
KA FIEL LAP - S B BT,

Az, B AE KB (659 mg « kg™ )
AT (784 mg » kg ™' AR £ %0( 796 mg
kg™ ) b, BIRYEAE R C A ENR AR C
FRER(1 110 mg * kg™'+1 139 mg * kg™ 1 110 mg
kg™ )11 60% ~70% , I AIBELEE SR C MBURIET
EMRERAEAE R Co XM ZERTTREZEEEER CRR
B, EANUE GRS, A g R 5wl
SIS 4 2E 2% C R LAPPM'S 45 iR K 35 a4 B
HN TR I % 2R WERR TR (200 mg + kg ™' ) A £ f5E
Y 2 C(400 mg * kg™') HLE BTN ENS A R
XHER RS ARHLRGE NS WAEEREMEA
FEXR. ZRENFaRARENS, WR4EER C
MEREA G o i, BHAG T 4848 3= C BUREIG FRIK T
ez CMMHZE. BFaNE A faEE:E C
SRR 1R T YRR C IR &, [,
AR 3= C IR INEBK.
3.2 FEMBEFRCEEFaMEFEURER
EF

1R % #6285, 401 T 5  Oncorhynchus mykiss ) BT
BXRMN ctalurus punctatus )™ K 75 P4 ( Salmo
salar ) SV T U # GO, BB E BRI, #h ik
3 P - A T T e R % v R R R T R, B

B TEDR R IS R R B F B A & C
J5 B ML S S R AN RS T R
VLIS i s . BN LAPP BUZ AR AT 3 £
HEYEE 3 C J, R EAH R, 5 k%3 ( Sparus aurata)
M Hw A SOD ¥ifE. R E A i & B %A 2
Er ROV, W AT 8 R R D LAMP — Ca LAA
A LAMP - K (L - 5037 L % 5 B IR 80 ) )5 A T
LAMP — Ca 4117 405 4 P ¥ RIS 1 HE LAA 45,3
TR 4 AR B AE AR O UTAR B 2 R B (HE
TR W R LGV B TR B A R e A R
C I B N B AG. (B AR 5250 o & 41 I IgM.
FME C3 A C4 S EERARE, KRB MARA
.

3.3 FEFERELERCESENEFEHLERE
%

20 (R 22 I 1 S RS S B BB
A KT, LU B8 FR A PR . Rt
J& » W AE P S A B R B T 1 0 T AL BE
Tt AR TR R bk, B R G, A 0 B
Pt #E A0 R [ A T s T B3k 195 ( Megalobra-
ma amblycephala) % ( Cyprinus carpio) , ik T %7K &
i R HR 8865 ( Stizosted vifreum ) ; JE N} B % PE = T K
EE@%@)E[ZI_ZZ] .

RS 0 AT SO £ 28 (T AL B PR R A
. AR b, R IR R 4R R C N4k
4% C WEBREE 1 200 mg * kg™ 11 500 mg * kg™
IF, B 90 i T U B B T B s B AR 3R COAN
Y Z C R TR M0V = 9 900 mg kg ™' AT 1 200
mg * kg B, BABE R E. XRB, XLEFE
(AR C 1M T BB IS ), o8 7 S 1
TR R, BARWMAR B T B AR, (L T AL
B4 3 C R ER TS =k 300 mg « kg™ K, B #
e R A R . 4, R YE AR R C X
A g 3 IR 07 e 1 B S e AN 3, M B
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Effects of dietary vitamin C levels and sources on growth and immunity of juven-
ile yellow catfish Pelteobagrus fulvidraco( Richardson)

WANG Wen-hui', WANG Ji-giao' , CHENG Xin', LIU Gui-ze' , LI Wen-kuan®, LUO Xiao-nian®, LI Jing-wei®
(1. Life Science and Technique Institute, Dalian Fisheries University, Dalian 116023, China; 2. Liaoning Freshwater Fisheries Institute,
Liaoyang 111000, China >

Abstract: Ascorbic acid is an important micronutrient for growth and development in yellow catfish ( Pel-
teobagrus fulvidraco) > a new candidate species in large-scale freshwater culture. The optimal dosage and source
of ascorbic acid supplemented in diet are crucial factors for yellow catfish culture. Yellow catfish juveniles,
body weight 10. 0 g were stocked into 30 net cages of 60 cm x 60 em % 120 cm in a circulating pond and fed by
semi-purified formulated feed containing 40% protein ( fishmeal as only protein source ) and 8. 0% lipid and
supplemented with five levels of coated-ascorbic acid( CAA) or ascorbic acid-2-phosphate( LAAP) (300 mg *

kg ™' diet,600 mg * kg™' diet,900 mg * kg™ diet,1 200 mg * kg ™" diet,1 500 mg * kg~ diet) to investigate
the effects of dietary vitamin C levels and sources on growth and immunity of juveniles on the basis of specific
growth rate( SGR) , protein efficiency ratio( PER ), feed conversion rate( FCR ), and compositions in muscle.
Water temperature was maintained at (22.0£3.0) °C. The results of 90-day-feeding trial show that the opti-
mal LAPP and CAA ascorbic acid requirements are 1 110 —1 200 mg * kg ™' diet and 659 — 900 mg * kg™~ diet
in yellow catfish juveniles, respectively. The fish groups of 1 200 mg( LAPP) « kg ' diet and 600 mg( CAA) -

kg " diet had the maximal serum total protein level; the fish had the maximal lysozyme activity when feeding at
961 mg( LAPP) * kg~ 'diet and 981 mg( CAA) * kg~'diet. The fish had the maximal amylase activity and the
maximal proteinase activity when feeding at 747 mg( LAPP) * kg~'diet,507 mg( CAA) * kg™ 'diet,1 014 mg
(LAPP) - kg~ 'diet and 919 mg( CAA) * kg~'diet, respectively. The different sources and dosage of ascorbic
acid had no significant effect( P >0. 05) on protein, lipid and carbohydrate levels in muscle and serum Ig M,
complements C3 and C4 quantity. The results imply that the reason for CAA having advantage over LAAP
should be contributed to the slow release and stableness of CAA which can promote high proteinase activity and
immunity. [ Journal of Fishery Sciences of China,2006,13(6):951 —958 |
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