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(PEKI=ZBEAARAGTFEGHA R, IR X FRRP AL ELAEZLZE L T8 443100

TE WL KRBT (Aci penser schrenckii) %)y F 1) 5 (IR E B £ WA %6 4 52 56 #0010 5 AR R 43 B % 52y 2.1.,0.5,
0.25.0.125 ¥ /d, 3748 56 d Ja Il HAE K S B b Rl e e bn . 4550 Won . B 35 SR AT S P AIC , 50 IR B3 &)y (1) 186
R R A TR BT RN A Ll 8 3 AR (P <C0.05) , {HL7F 3% SR I HE 35 3E 6 8 % ME AR fk (P >>0.05) . FE B4tk R
i o Bt 4% WA R I I IE T-AOC. SOD & M 2 B #i AR s . 2 /d A T-AOC ¥ 5 0.5.0.25,
0.125 ¥/ dH ¥IFFAE . 3 22 5 (P <C0.05) . (H 4 4 2 6] SOD 3% 22 7R W 2 (P >>0.05) ; JFIE CAT it #1 GSH
RIS R AR #,0.5.0.25 Y /d FAFIE CAT ¥ B E & T 0.125 % /d (P <<0.05),1 ¥ /d 4 GSH
R ERET 0.5.0.25 F10.125 ¥ /d 4 (P <C0.05) s IFIE MDA £ 5 2 #7819 3, 0.5.0.25,0.125 % /d4
MDA &t 5 F 2.1 W/d A (P<C0.05) , G Edahrrh , b 5 5 WA R BRI, 5556 fa T IE LZM 36 o5 3% 8 Fe 41K
2 W/d 50,125 K/ H 2 57 .35 (P<C0.05) 5 T JIFAE IgM & i S50 Th i 5 ARG %, 0.25 W/ d H B & T 2.
0.125 K /d 41 (P<C0.05) . ZEA 45 TR b » 8050 IR 69 40y £ 1 I (IR 35 B4R MRS 1 9k /s DA 3 A 43 W1 %6 5 1K

X £ A3 B 1 30 4 A 5 A
KRR ;L G A 0 5 MR A s PR 5 SR
RESES Q553  XEIREDL:A

P RAEF (Acipenser schrenckii) EB4- 4 T 2
VL5 95 B VTORTARS 4 VT 55 Ml o PR G A Sl B e
PESR | A B 56, HAT B 1 IR A& 5 (L
BT R IR B 45 28 TR B I 32 R 2 — (bR
VLA, 20000 o R 1 d5 R Ak S B 5% 8 A0 4 52 TR A Y
FRIHAL A 2 O 5 B A R A, 42 I P R
AN EIRGE K BUG AL ST 5| A e B R 4
AT/ 2006) 5 [R5 19 5 B8 4 L o G oy 28 32 {gkt
JE F7 B BT RCORAIE |, TG 5 MR AT 4 U 2 G 5 B 4 B
KA Z — (LB H 55, 2018)

PRI AR vm I, 23 3 URRHR 2% R R BT
i KBS R T BOHR B 48 O A 4R R B (Guroy
et al,2006; Wang et al,2007; Aderolu et al,2010);
724 B AR IR 2§ Bt e R KR8 MR
AR S AR B HEIT 1 T B (Wang et al, 1998 ; Xie
etal 201D, HHT R Z %78 W E 2 AR K IERE.
BEEKV R AL A B A AL S T IO T R
55 iE B P MR (Lee et al, 2000; Sweka et al,
20045 K B 45, 20075 AN A7 45, 20115 B AE R 4,
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E&WA :FHRARP S TFEREES (S :51309200),

TEERB N A, 1988 AL 50, TR, EENFRILBTHREHE
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XERS 1674 -3075(2021)04 — 0104 — 07

2011 R I5 5, 2017 s LB 15 45, 2018) , it oK 7 7 f:
(Salmo salar) A8 (Lateolabrax maculatus) . 2
MG (Aci penser schrenckii 3 X A.baeri & )% (Luo
et al,2015; EARAE, 2018; X2 45, 2019) 5 B A7 )X
PO A TN G P2 A 2 4 1 2 i A1 L 45 MR A< Ty T
AIBIFTE . AR SC LA s [ 65 4 0 Sy S 50 X 42 i o A Y
R R 0 H A K T SR R B S A8 B Y T, 2
18 5 TG A 4 £ 100 B AR P 50 MR AR, DT O L o %
JEE A B S AR e I PR AR

1 BT

1.1 XWEEERREF

S i oAy v R VT e 4R A1 AT R 2 ) rp AR R
T 2016 4F 4 N T 250 i A 1 st G BG4y fa . BE L
Pk B0 A% — B MR AR R 7 A R s KAL) A
300 &, & H (377.40 +13.59) g, K K (34.15 +
1.63) cm, B FH T HAZ 2.5 m 355 M, % 32K I
16.8°C W% 6.0~7.0 mg/L,pH 7.3~7.6, & A
0.01 mg/L, WilHR3h 0.01 mg/L., B 37 E], 4% 5
05 20 A KRB R R o AR 2%,7 d JRTT
[
1.2 EIigit

SETEEHAR 2.5 m KR 0.6 m (Y 52 5 b v i
7 PR E A 2.1,0.5.,0.25 F1 0.125 ¥ /d, &
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PR B 3 A AT 3k 60 B fa, SLI TR
B FIZE S, B 120 mg/L MS — 222 ¥ 5 [ 63 R i
JEAREE IR R SRR ZS R, BT
BEBLECHE 15 . SCgibiml, KiR 17.2~19.5°C, i
4 6.0~7.0 mg/L,pH 7.2~7.6, A <0.1 mg/L,
WA PR ER <C0.05 mg/L; SEHGHF2E56 d.

S 5 DR A DR B Ry g — 7 i £ T G A R
TR b Ry T L SR AT B R A L 4
EREAGERD BAERE AR K 4ER
B, M4 E B, MR R B AR B, B .D 2
MR R LR L 0 R i L Ak AR R 4
Tk R 6 TR A AL T O 42k 45
1.3 HmREMLE

FH 120 mg/L (1) MS — 222 ¥ 52 56 £8P 3 R B
Jii ) L U AR 2H0 280 5 FH 1094 A £ P A R KRS BT
e T IR AR K A R U N B, R BT
2 mLEOE T, WA ER VR BT 70°CLRAE
SRR
1.4 fERUZE
L41 A KFEAr S IR AUE  (SR) L3 5 %
(WGR, Y0) . ¥ & 4 K % (SGR, % /d) . JF K 1
(HSI. %) B BE (CF . %) FE s e (VSTL %) 35
NI

SR=100XN/N,

WGR=100X (W, -W,)/W,

SGR=100X (InW, = InW )/t

HSI =100 X W, /W,

CF=100XW,/L"?

VSI=100XW./W,

©@e e 000

KN REKRMEBEGN, I h G REGW,
RYRNETE ()W, IPIIRIRTE (g) 5 g 5255 i [A]
()W, W RAEKE (L MR AaKK (cm);
W, MR E ()W, AR E (2,

1.4.2 ARz BUE LS bR AL FE B A
b4 157 AL B 5 M (SOD) | 3 486 S0 76 #: (CAT) |
MPLAE AL BE 1 3 M (T-AOC) . & Bk H Ik & &
(GSH) A B & B (MDA 5 558 35 b 40 45 15 1 il
TP (LZND F e 2 Bk 8 1 M & (IgMD . A 458
P B4 DN 2 SR FH i o A A ) R AR T A A 3R
=R NyRr e SRR U

1.5 H#E\Hit

S BUE ] SPSS16.0 Al Excel 2016 #E47 4811
A3 B R 2 5 22 0 7 (One-Way ANOVA) Al
Duncan's £ 5 F 5 K6 56 % 45 B A0 3 X 4% 301 48 b 52
Wi Y M, 25 S BB M DL P <C0.05 AR E, 45 R
LS 34 {8+ B #E 22 (Mean+ SD) R

2 &R

2.1 EKIER

SUG FE A L PR R X s [ A KR
SO (R 1), Bl A 5 DR S (Y R AIG L st [ 6T 4 £ 11
T ARV E AR R 0 BRI (P <C0.05) , IR
WRE 2 0.125 W/ d B, oA K A b T 45 i AR
B ERMAEAKESHNN 1.19%/d M
0.02%/d; BLAh, B AT R T F, B BRAL T 505
o1 10 A L AR AR HE (P <<0.05) , fH o o 44 JIE 5 )32
TG 252 (P 2> 0. 05) 5 2% 41 55 5 40 (19 BT 3 2R
100% .,

F1 BERAENERGGEERKIETHHM

Tab.1 Effects of feeding frequency on growth indices of juvenile A. schrenckii

BRI SR/ IR/ R AR/ JUE At/ JF A Ee/ JES ¥ B /
w - d? 7% % Y% - d! % % %
2 100 104.66+4.84¢ 1.2440.14 9.7140.84 3.76£0.44 0.0078+0.0002
1 100 81.44+3.26" 0.99+0.12" 8.42+0.36" 3.40+0.25° 0.0070+0.0004
0.5 100 45.98+3.18¢ 0.6340.11¢ 5.7540.38¢ 2.1540.20" 0.0050+0.0013
0.25 100 23.2842.59¢ 0.35-0.08¢ 5.1540.37¢ 1.6240.09" 0.0060=-0.0001
0.125 100 1.1940.78¢ 0.0240.07¢ 4.76+0.28¢ 1.1140.10° 0.0057+0.0002

H : A B 4 AR A [R) R 2 7m 41 1) 22 57 3 (P <<0.05)

Note:Different letters in the same column indicate significant differences among the experimental groups(P<C0.05).

2.2 mEMAIER

2.2.1 SOD & ¥ FfiE BT R, S K64
1 IFIE SOD i ¥ 2 B i AR a2 (& 1, 1.,0.5,
0.25.0.125 W/d 41 5 [T AE SOD 3 4 43 7l A
282.34.,258.86.,254.41,246.72 U/mg, % 2 W/d 4

Y FEET 1.69%.9.86% .11, 41% ,14.09% . {H 4%
2] 9 22 5 R B3 (P >>0.05)

2.2.2 CAT ¥ S R&EL M FIE CAT & 48
fean & 2 s, Bl & B AR 0 BE AR, BFAE CAT
TPE RS TE L AR A Hoh, 0.5 Wk/d
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flE CAT 36 M fe K. A 31.23 U/mg, 43512 2.1,
0.25.0.125 % /d 41 1.43.1.31,1.10,1.67 £5;0
0.25 W/d ZUFHE CAT 3% M W 2% T 0.125 I/d 4
(P<C0.05) , HoAth #5 2 2Z [H] 22 5 A | 2 (P >>0.05)
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Fig.1 Effect of feeding frequency on SOD activity

of juvenile A. schrenckii
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Fig.2 Effect of feeding frequency on CAT activity

of juvenile A. schrenckii
2.2.3 GSH & & WS ICH%)a)fFE GSH & &4
LB 3 iR, #5455 5 fa i IE GSH & & & {3k
MA: 1 K/dH>2 K/dH>0.5K/dH>
0.25 /d#H>0.125 W /d & Hd,1 k/d HH K
it 4 JfF I GSH & & B & & T 0.5, 0. 25,
0.125 K /d (P <0.05) , Hifth £ 41 2 [ JC 2 5 W) 3%

(P>0.05),
7r
B a
e 6T 1
. ab
N
2 E4r
— Q
I 3r
]
6,1
2]
&) 1+
0
2 1 . 0.125
&Dﬁﬁifp/{/\ d1
Feeding frequency

3 RIRMENERELE GSH 2ENF N
Fig.3 Effect of feeding frequency on GSH content

of juvenile A. schrenckii

2.2.4 T-AOC &M AREETFRW], B E 5% WA
MR B, 3 FEAR T s CEG 4 6 i E T-AOC 3
P HAPRATCRARAR, I AE T-AOC 36 14 F Rk B
(K 4), 1,0.5,0.25.,0.125 %&/d 44 HFE T-AOC 1%
P43 9K 0. 42.,0. 36,0.33,0.30 U/mg, #2 X /d4H
JFIE T-AOC % ¥ 43 51 & B 9. 67%. 21. 42% .
27.47% . 34.56%, H 2W%/d #H 5 0.5, 0.25,

0.125 ¥ /dH A B M2 57 (P <<0.05) , HiAl 4%
HH 22 6] Jg e 3 1 22 57 (P >>0.05) ,

06r

- a

" L

s
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Fig.4 Effect of feeding frequency on T-AOC activity

of juvenile A. schrenckii

2.2.5 MDA 4 & K44I MDA & 81
AR MR AR T AR AL UL 5, Bl 25 5 MR AR 1 %
fIG AT IE MDA & 5 5 3% 7 8 i B Hofr,
0.5.0.25.,0.125 K /d A iFIE MDA & & B % & T
2.1 /d 4 (P<C0.05), %ﬁﬁﬂﬁ%%ﬁ$ﬁh 2.1 %/d B
% 0.5 /d W, HAFBE MDA & & 49 i 5,39,
5.48 nmol/mg& ¥ £ 9.73 nrnol/rng, S TET
80.62%.77.44%

12r b b
R + = T
I8 <
@B 4t
=
[a) |
=

0 L l L l
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%U‘xiﬁﬁ/{/\ - d!
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Bs5 HRFEWMERELHE MDA SER RN
Fig.5 Effect of feeding frequency on MDA content

of juvenile A. schrenckii
2.3 BB
2.3.1 LZM ¥ BlEE B AR, s [REF4))
T HE LZM 3 P 38 W B AR (B 6D, 1,0.5.,0.25,
0.125 W /d 4L FME LZM 3% 43 51 4 18.94,17.49,
17.17,15.68 U/mg 48 2 W/d 44y %I S K 7.66 % .
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9.35%. 17.23%. 28. 48%; H v, 2 wk/d H 5
0.125 W /dHArE B & MEE 7 (P<<T0.05), Hilh &% 21
Z B E 2R (P>0.05),

Ia ab ab
“on 18F —I— % ab
Ex T b
5% 12f
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= |
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B AR/ IR - 4
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Fig.6 Effect of feeding frequency on LZM activity

of juvenile A. schrenckii

2.3.2 IgM & & SR MaFE IgM &b
UL 7, Bl A MR AR AR, s IR 6 &) £ I E
IgM & & 25T 5 AR B o, 0.25 /d
A 1gM S &2/ K, A 35.67 png/mg, /5= 2.
1.,0.25.,0.125 & /d4H# 1.32,1.16,1.10,1.30 £%, H.
0.25 % /d 5 2 %/d F1 0.125 W& /d A7 78 i F 1E
ZE5 (P <0.05), HAth % 4 Z 0] 2 7 A W
(P>0.05),

dor ab b
- b —:[—
g 30t a t a
ey
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Fig.7 Effect of feeding frequency on IgM content

of juvenile A. schrenckii

3 Wit
3.1 BIRMENE R E L KRR

PRI AR JE O R IFIHAE B E R 2 — Wl
JER R AE KM EEN R, OFERY, 5R
W A TR 2 0 I 2K Y A K R T 4% R A
SR A ) — R L T 26 A K B 0 TR RS 1
W EHAEQOI) BE T W . 4E i (1 5L R AR
LW/2 d3m 3] 2 0/ d i, fi A i) 1 B 5 MR 58 AR
KAEBFET & Hd 2 )/d 32 4 0)/d 5, L H
PR A K R IGW E WA & 88 (Trachinotus

ovatus) YF Gl (Sebastes schlegeli) FEL G 25 #
i (Pelteoba grus vachelli) W15 H 25 0] 45 R (B &
4, 20115 B AR 45,2015 Wu et al, 2015) ; fH
A WETE B L B A A5 RIS A0 1 0 £ A A
WEREERKER SRR, NP ZREEYE
i1 (Oreochromis niloticus) 416 W B 83 (Acipenser
persicus) M2 A2 BF55 (PMVBE4E 25,2011 5 Zolfaghari et
al,2011;Luo et al,2015) , FJF [ 0] fg 55 52 56 % 11
PN i d Y E N INT B Sr S
ISEREE SRS PN

ABIF ST Bl A IR A A R A L SR TR 5 40y £ 1Y
R R E AR AR IR B A A L X R R
(P <20.05) » e 3 2 J PR ply T IR MR T 2
S PR 0 5B ] B G O, R R 1R B R A B
it A7 (0 BB B F T 4 = 6 il A= i A0S 30 L, D
B R A R R B CT B 58 55, 20100 . S IREF %)
3G TR R AR ORI L RS L A5 4R bR 5
PR ARG IEAR GO R WAE K PERE M R, s IR
240y £ 1 B IR 13 MR WA T 0,125 R/ d de K3
BRI R KT 2 K /d. Luo % (2015) 7E#F5T
2,46 U/ d PR AN 2 22 i A A 1 R B el I A
T RRIEE I, B A A2 9 1 g AR KR HROIR R
EARMECR R AEB MR R 6 1/ d. 1wl BE 2
8 U /d = 10 ¥/ d.,

AT SR 2% P IR AR 2 s [ 6 &) £ 1Y A
5 342 100 U6, 158 B 450 MR AT 38 X6 H A7 36 A AEAE B
FFLR 5 o3 A ORI AR s [ A 4 £ 1 W R Y 5 el
WARA G2 8 XX 5 UAAEX JEMES (Clarias
gariepinus) | ¥ 5 1 BE 4 (Epinephelus lanceola-
tus) B 9E 45 18 48 [F) ( Marimuthu et al,2011; L%
%, 2018)
32 BRMEXNERGHERSHIERNZI

P MR 30 0 AR 23 X #1288 3 I — o R B 1) L AR
i, T B AR AR A R (ROS) DA X
T LHSUAR B 1 N . PR AL R S8R UL
B AE iR it 2 1 ROS ., J& A 1R 3 Bt 4804k B 8 44
F 0 A AR A3 o R AR ) B AR T (SOD) Fi i
A A (CAT) W2 Bt 4 Ak B A 1 & v JE 3 %
I BERE (TR AR 3245, 2011) s “F M B GG, nl BE &
T BRIEPE A B i EE LTS PR T B A A PLIAR TS BR G
PR H R RE 1 TR (BE G245, 2007) . ABFSE
F W], 25 BMRR 2H S [ &)y 8 1 IE SOD 3% #:742
fZERAREE(P>0.05)  AEFSITEE L. XS
DU 5 55 (2018) 1 BIF 52 435 2R AH [6] 5 7 i 2 453 MR AT 30
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F ARG, s IR B 4 T JIE CAT 3% Pk 256 TH s L G
A #,0.5,0.25 W /d A RFIE CAT 6% B & &
F0.125 I /d H (P <<0.05), Hifth 4% 40 = 0] 22 7 A
BE(P>0.05), X R YHMRITREZE 0.5 K/d
K UL B0 s G A &)y £ T S LR b e, fa
PR32 = CAT I 4 N 6T JBir 38 52 I 33 J2 J 30 L ik T
X R BT A AR T A TR S AR, 2 A T
JIRAS B R85 1) — ol 3 O AR R 55 45, 2010) 5 1
PR R R 0,125 /d B, CAT MR E T
Bt 3 3 2 LR e £ 4 9 B A1k
T P T A R R T AR R R R T 4y
TR AT BE 22 B A AL 473

SABLERRE 1 1 KN R A i ML ST R AL R S )
RE M 25 G MR A5 . T DL BRI AR 47 40 Ak B 00 3R 45 1
Xof A1 Sk 38 B RE T, 5 A i) ft AR 2 D) A G (5K
B ,2004) , AW, BEE BRIRL TR, L
[CEF & /0 T IE T-AOC 76 M W F K. 2 &/d 4
T-AOCHEME B E & T 0.5.0.25.0.125 K /d 4. X
T T BEEACR N 0.5 W/d K LAF R, 8 G4
01 XoF A1 R 38 16 RE T AR DS L R il B AZ 2] T —
S T B 1A R 5 TN S e R AF (20160 WFSEIA L 1.2,
3 UK/ $ WA R X W A BE A (Epinephelus
malabaricus) ) T-AOC WG T B F I m, 54
F 5% 1) 45 SR AN [ 5 HC D A1 ] s vl T 8 MR B T UK
Rz gt Fh AR T

A H K (GSHD J& — R IR 43 35 PR A i 5
TR (P HHLE . 2013) . 2V B ROS 4B % E 21
Ak BT A AL W B CE R4, 2012) 5 1 N 88 2 ROS
508 0 %2 A ek SEUAR R 4 7 T LA R e A i A7 T
P4 R R i R B DA (8] 42 B B LA Bt SR Ak
HE 7 1R 5 55 Ko 41 24 32 460 4 1) )RR B (AR
2013 W BHUASF . 2015) . Fifi 45 45 PR AT (9 B A1 L 5B [
fidafi fo i IE GSH & & 56 7H & L 5 FEAIK. 0. 5.0. 25,
0.125 ¥ /dH B E LT 1 ¥k /d 41 (P <0.05) 5 i iF ik
MDA % &t 52 B W 3G fin#a 4+, 0.5.0.25,0.125 W /d4
BEST 1.2 0/dHP<0.05), XHREIET Y
PRI R R 0.5 K /d K LA A, 51 G 4 fa 4k N
9 GSH JTf5 2 81 #6 . ROS 5 20 4140 i &k 2 K
I J3 3k 4R Ak B 7 T 5 S50 400 e 37 B SR Ak 40 T T 2
YBER N RER R,
33 HBMENFRBHEREIRTFNZIE

V5 TR (LZMD) F0 58 BR AR 1 M (IgMD J2: f
Af w0 S -, W AT DU IR = IR PR T
20 it BE ) BRSO L AT EC 7 41 BR 40 FfL (Fevolden

& Roed,1993); Ja #% H A 3 K Hr & EH . Li
SE 201 WETE & B BTG T K, B E RRAR T M
8 (Megalobrama amblyce phala) W7 1 BEG PE,
SRR G 7T B, 35 e 1A% v oK <M B
(Aeromonas hydrophila) W) 5y Bk, X 5 AW 57 1)
GERFEA B, ARBTE B BRI FE A, S
G 4 f0 i BE LZM 3% M 5% W AR A 8 3
0.125 W/ B FH LT 2 W/d 4. Wi Tk TgM & &
ST E R B, 0.125 W/ dH EMR T
0.25 K /d#H . 3x 3 B £ MM A RR AR T B0 [R5 4
JFRE LZM & K TgM 5 & B, % £ 44 4 35 ) fig
AT BRI L B A T A Y e T R
AJ B 1 28 A7 PR AE I30 A IR R o 5 4 1) PR
SXTEAI bk U 2 2 57 A 5 3% R Tk 38 1l v
AT 52 i 5 0 248 R0 9 E 208 R 19 5 o B3 o, 2
] T g 2 (Mock & Peters,1990)

4 Hit

(1) BT 0t o [ B3 4l fa i 2 K B Ak K e
PEFE PR A W R, B 2 B R A A, o
RO R A KR AR LR BE P b G R
SOD.,T-AOC.LZM { £ % #i A% . GSH . 1gM & &
K CAT TP Je Tt & Ja BRI, MDA & & 2 i n

(2) 44 B AR AR 2 0.5 Y/ d I, s G 6 4 £
JF I 40 € % AR AR A 4 . st FC A 4 £ 1 A fIK
TR R 1K/ d,

2 2 3k

SRR WS EPLE L4, 2016, $5 MR A0 5 T B A4
i 3 B AR AR R )], el AR Ak . 43(2) .
1-6.

R, XS0 B A5, 2007, 5 M AT 0] 8 40 £ 4 A % AR
Kerysgmi[)]. WKl ,37(6):15 - 18.

HEEFY BRSNS L 25,2007, A 7R B a0 O 20 A AR
LA PRI AR AR e ). NS B AR R R
13(6):818 - 822.

XML PN RE 2R, 45, 2019, 45 MR AT 3 Sk o 7 9 e 2R K AN
A BRAEARBYSE [T, KRR, 38(3) 1341 — 346.

BHLIA L2013, i W0 X B B AR m i R D], M
TR

BRI ARG E R L 25,2014, 1 IR filh &) #0033 B 45 0 4
eIl e IR, 26(8) 2379 - 2385.

BB AR 7 TR . 25,2018, PRSI R X 7 /K 37 i
B R SRR i s2 i L), TG R K A 2
W CHRBL2E /D ,40(7) .51 - 57,

TeRK S AR A, S W L 4, 2011, YLk TR 4% M2 X 1T Sk 5 AE K
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A EH I B T T T AL R R [ . ROk il 41(2) £ 63 -
68.

/N 2006, St RETE P BF B30 B9 RO RE [ DL B
e ROl A,

INAEZE 2011, FH A} 24 AU A 43 WU 3 Sk ek )y £ A AR K L

PRI 43 0 T AL 0 i sZ i (D] s« 4 rpR kR 2.
INRUL, M Bk 2, Ty 22, 46,2000, 5 GG A T 858 KX 5 5l 4%
ARIM]. Jb5T i kL 4 - 12,

NGRS I i BRI T 25, 201 LA RS R BB R F
F A fa g o B eSS AR R AR AR m ], K
24 ,35(11) :1677 — 1683,

AR L RO A L X AR RR L AR, 2011 8 T B R X B FG A
(Pelteobagrus vachelli) % 1o 8 HE 25 A K A3 M R4
B WA L] 5 178, 42(4) :506 — 511.

F AR AR SRR 25,2012, (R IR0 N BRS0RE AL TE F1 K
o BT E AL BE T [T]. AR 24, 32(11) 13538 — 3545.

FARL sk LR, IR, 4, 2018, 5 A AR X 4 B 4t R
25 AR ERE AR AL g L) ). v B R A 4R
48(6):55 - 62.

WG 52 L L SRR L 25,2015, 2Pk R I 30 0 4R BE 4)) £
P AL R SR 45 AR 0 R [T, 1 7 il , 37.(6) 1541 -

548.
Tk 5 MON 1 BB EE L SF L 2010. 48 M AT OO FLGY T X IR AT
H R RER W [T ], R4 ,29(1) 63 - 69.
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Effects of Feeding Frequency on Growth, Antioxidant Capacity and

Immune Response of Juvenile Acipenser schrenckii
GUAN Min,ZHANG De-zhi,ZHANG Hou-ben

(Hubei Key Laboratory of Three Gorges Project for Conservation of Fishes, Institute of
Chinese Sturgeon, China Three Gorges Corporation, Yichang 443100,P.R.China)

Abstract: Acipenser schrenckii (Amur sturgeon) is the primary species of sturgeon cultured in China and it
has high nutritional and economic value. Improper feeding can result in deteriorating aquaculture water
quality, so feeding frequency is critical for healthy culturing of A. schrenckii. In this study, we studied the
effects of feeding frequency on the growth, antioxidant capacity and immune indices of juvenile
A. schrenckii , aiming to find out the optimal feeding frequency and provide theoretical guidance for the in-
tensive healthy culture of A. schrenckii. Five feeding frequencies (2, 1,0.5,0.25 and 0.125 times/d) were
set for the 56-day experiment and 300 7-month-old A. schrenckii juveniles were selected for testing
(60 fish/treatment), with an average body weight of (377.40413.59) g and average body length of (34.15
+1.63) cm. During the experiment, water temperature, DO, pH, ammonia nitrogen and nitrite in the aq-
uaculture water were sustained, respectively, at 17.2 -19.5°C, 6.0 -7.0 mg/L, 7.2 -7.6, <<0.1 mg/L and
<C0.05 mg/L. At the end of the experiment, 15 individuals were sampled from each treatment. Indicators
of growth, antioxidant capacity and immune responses were measured and each was significantly affected
by feeding frequency. As feeding frequency decreased, the weight gain rate (WGR), specific growth rate
(SGR), hepatosomatic index (HSI) and viserosomatic index (VSI) of juvenile A. schrenckii significantly
decreased ( P<C0.05), but survival rate (SR) and condition factor (CF) did not change significantly
(P>>0.05). In terms of the antioxidant capacity, the activities of T-AOC and SOD in the liver gradually
decreased with decreased feeding frequency. The T-AOC activity in the 2 times/d feeding group was signif-
icantly different from that in the 0.5,0.25 and 0.125 times/d groups (P <C0.05), but the difference in SOD
activity was not significant (P>>0.05). The CAT activity and GSH content in liver initially increased and
then decreased with decreased feeding frequency. The CAT activity in the 0.5, 0.25 times/d groups were
significantly higher than in the 0.125 times/d group (P <C0.05), and the GSH content in the 1 time/d
group was significantly higher than in the 0.5, 0.25 and 0.125 times/d groups (P<C0.05). The MDA con-
tent in liver increased gradually with decreased feeding frequency and the MDA content in the 0.5,0.25 and
0.125 times/d groups were significantly higher than that in the 2 and 1 times/d group (P<C0.05). For the
immune indices, the LZM activity in the liver gradually decreased with decreased feeding frequency and the
difference between the 2 times/d group and the 0.125 times/d group was significant (P<C0.05), while the
liver IgM content initially increased and then decreased, and the 0.25 times/d group was significantly high-
er than the 2 and 0.125 times/d groups (P<C0.05). Based on our results, the optimal feeding frequency of
juvenile A. schrenckii is 1 time/d, which avoids oxidative damage caused by lower feeding frequencies and
water quality deterioration caused by higher feeding frequencies.

Key words: Acipenser schrenckii; feeding frequency; growth; antioxidant capacity; immune response



