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A EEAEERAX T4 £ K FiEfiHLE,
45 1k B A5 BE R i1 = L BRI TE Y 2 IR

wAET, KRE, KER, xik+, FRAE,
AR, HERE, REKR, XNEL
(LK P=BFGE BT | LK =40 HE 3, B 200433)

WE: y THREAANMEEN TG4 8 £ K FEMLABEEENYE, X RS-
EEREFRIISAdN IS e EK FERMENE FHFRERZHE RHEURLEALE
EUHRTANER, ZRET, BRAABNANRAKK KRE  REFE  ZEKPEHE A
B (4% H 125.17 mm .6.27 g.65.73% .0.31 g/cm’ F11.4% ) B 215 F & E R 41 (5 %
150.66 mm ,12.39 g.85.59% .0.36 g/cm’ #11.9% ) WA e fakFEkK L LB E £ 5 (4
Al A 25.3%F23.6% ) HABMFREFARRNEEAR, BRAAHANUTEEFTRER
F B o 7 M (43.49 U/mg prot) T 3 K T 7% 18 K 41 (86.37 U/mg prot) , [ F AL 4 # § # &
BEABMAETRUEEABNELYRAEEZ R A AN A E MU T EEFTHWEYR
B 7 M (27 A 196.63 F1 575.93 U/g prot) & 2 1K T & 1 41 (4 4 % 928.91 #1 1 755.90
U/gprot)  EAAEAEHEME TN ERBELLALEZ R AL EAENFREME &
BARAR M WA W7 B, B 6 R 4L W9 B i R B B E £ (23.55 U/g prot) B ¥ & T E B R4
(14.39 U/g prot) , {2 4 3 41 g 15 % o Jig By B 78 P& (51 & 17.90 #n 13.23 U/g prot) % #
% 2 57 6 1A R 4L By T IE A M B B (AKP) JE fE (103.44 U/g prot) B 3% & T 75 15 B 41
(58.20 U/g prot) , fff BZ & 17 #+ 41 #y AT IE 4+ 3 4% 4 8 (AST/GOT) 7& £ (20.38 U/g prot) i 3%
{5 F 75 18 B4 (32. 51 U/g prot) ; BF JIE & 3 4 & Il 89 5 F# B 7 & (ACP,ALT/GPT ,SOD
GSH-PX #u CAT) #n i ¥ ¥ % 46 | 89 1% % B8 ( ALT/GPT #n AST/GOT) X 4t 4 {1t B (SOD #n
GSH-PX) EMERABUZBHEARFZR, HRKN, IHRELR AL, BEHEH
AREERANKSEHENE FRFEARE REBRRANETE, ZAEEEZR 2
HARBAN T HEKAREFTRTEEA, ZRS AL MBS HFRAAR, EFH
R E R

KW T8 ERE; EK; FiE; B

RESES: S963 MEAREAS A

J185% ( Coilia nasus) , XA GET MG II 0, WGETLI A 0 A, ORTL R i~ E e m . KT
B, J§ T & H ( Clupeiformes ), & B} JJSFLLP 5400, fF S B2 P8 55 1 5 7, O 5 K
(Engraulidae ) , 8% J& ( Coilia) , Jg TL g 1 9 £t VLER AR AT RO AR VL =7, s VL T 857 5%
XK, FEO T RE W NG RARM - LE BAREEE T LAk, T B Kk

%S B 21 :2014-05-18 & B #:2014-10-26

FEE : AL 5 b L [ e ORAE 45 A BE % BT (12DZ1909302 ) il W R EH AR B R A ®E AR IR H
(11391901300 5 |- if i BF 2R T B H [P R B (2014) 55 4 5 1 PIERILI EE AW KRASIWATEE L
R ARBIFE LT H (13DZ2251800)

18 15 1€ & « it 7k i§ , E-mail ; yonghais@ 163. com
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ABIREGAL 1 2 N R I, KT T8 B8 2
J 6B 7 R BB AR T M e H A RN R AL
I B AE KL B SRR B SRR Tl
AT IR ol £ A9 O M AR A BT IR, D
B N T BEA BRI SR A AHE ), 2E T HE E i £ 1
Pl AR B A AT LA I b 6 ) R R
A2 0 ¥ 1 kot R

FIAT, A SR 1855 (9 SR DT IR AL TR By
BEC0 R JUAE [ 9 1 2 RHIT I BT 48 4 ST T
FHREBAR MO T, T2 AL P T WA KT
T PR L AT B E AT IR A SE R 2 1B A T B i A0
JRII A FARE o 2011 4R, b T K B 5 T
ZE B MR N IR BT B AR AT NN T
7, BB . H A, 7165 i 57 58 75 X 32 2 9
TR (9 T 8 R B, 5 AR IR 1 MR R AR A
R LIRS0 RO IR AR R AN R X R T
JIGE AR SRAE . PRI, SR TG & 1R A5 AR
5 PRFBEA T NSRBI J) 8577l A e ) i 22 2 i
A8 2 TV B RE TS Bk £ L5 1R 7 T 85 0 E 5 £
BT AL RE ) 3B AR 7 T BRIk X T8 A AR I
HRU AR R R RE I R A g7 X —
AYNH R R o BRI A o AR S0 R T 5% A 9 5
AR AR A T B, 6 F A B R G TR R 1)
By £ 0 R AT IS N AL AR S R S e I AR
T L S BT A A RS P DU 0 B 5 LA, B AE
B2 T R E 4 B Ak T 5% £ A A BE R PN ALE 4
SRR, D9 N TSR A T 4R A B AR o

R ik

1.1 LI

SEIG I I OR B i T K T A 5T B 2R R
ARG, AN THFEREAETH A&t
1 AEFRAE 5 (R 4 £ S50 F TG AEDRHE ~F BUK 46 35 7R
J7 B 5 5 it I v R 28 9 (60 H ) 455 A A AT 1
FE G UR DL K g R E R B G R (K & ik
83.60% +0.03% ; T T 4115 WML E [ 67. 16% =
0.65% ,HLIEN; 7.13% +0.37% KLJK4> 15.81% +
0.13% ,n =3) ; FLA 1RVRE A B 24 R4 40 ok IR TC 45 1)
BRI EER 713 £0.07% s THAM W EH
48.82% +0.28% AANSHGS. 74% +0.27% ,f K4y
13.93% +£0.05% ,n =3) %5 5t K88 £ 5 T T AR
GEUUPEHORORLDRL . S50 FH /K& 2 4t F SR TR 7K (36
FE R 8 ~10) LA K il K (R BE N 2 ~3) , fi I AT

+

+

Ze 1k ORI L E K I DT VE | 28 5 uE (120
F) o SCBG A2 RABUN 20 m* JK I8 758 b, it
wW1.2~1.5 m,7K#% 100 ~110 cm,
1.2 XWFIHEREER

FRIE S BE 2 A2, BIVEC 5 f 20 5 W C 45 )
AL, 5 A ZH 5 M TG A R A £ &l R A B A, A
HRA3AEL, HAEE R 1A 20 m® KPR
ST FH AR IR T 40 m® By ROK Y8 N, SR T B
Hif# 6 24 h AR5 40 FORE A 80.0 ~100.0 mm  f&
Jidk 2.0 ~3.0 g LRSI 5] 11 800 R &)yt Fifi#L 43
A FRFH M (300 B/t ) , 41 1 1 4] 46 5% 5 5 3 H
15 J&/m’ , 35256 v S0 30 47 33t , 8 40 6 55 B A
M &)y 1 A7 I B, 401t )5 4 L SE PR Sl 5 ~ 10
Fe/m’ SIS RAEAE 2 UK TC A A R A0
TEL T DA o, T TR DA WA R i A A R A O A
KW 1R, 8 1 ~2 4K 1R, K 172 ~2/3,
B~ 1.5 @ 1 . S5 E, B AR KR
(13.0~29.5 C), % &L 7 <; /K T 46 #5 24 pH
8.15~8.45,DO=6.5 mg/L, TAN <0. 30 mg/L,
NO,-N<0.10 mg/L, G525 M 2012 4£ 6 A 10
HIAFth 2 12 7 5 HE5, Jies 178 d,
1.3 BEEHERE&EHAE

PRI LG , B E R 10 B A 1
AREAS, HITE KR 52 96 #8848 TR R K 4,
1 mL 33 S5 5 DA 0 1A 8 i ok il Il ¥, 0 ~ 4 °C
1k 24 h, KRG MRIE B 0 (0 ~4 T ,3 500 r/min, 10
min) , BCES T, B - 80 CukAE BRAE R

i ) A5 A i ) A RO R S R
B4, AR R K gk I P s AR T RS R AR
UKEE AT R A S BT - 80 C KA R A7
0o A, SR R R O ~ 4 °C KA iR
VR TN TV 10 B0 T, A 9 A5 R BUE B R
K KBS ARIRES L (0 ~4 °C,3 500 r/min, 10
min ), B b 35 W R 20 D0 5 5 ol il O 2 o
1.4 EMNEFEMENX

AR R T vk 2 BROSCHR L7 ] 1Y T 12 W A
kR P 8 M (Acid proteinase ) HI 6l 7 & 4 [
( Alkaline protease) ¥ 1L 1% T B4 E A WAE NIEY)
0.1 mL [k 5 2 mL JRYIEMRIR G5, T 37 TK
T R R 30 min, T A 1T mL 30% = SR R 2¢
BN o SR T B O AL H B 0 10 min (3 500
r/min), B 1.0 mL %%, il A 5 mL Na,CO,
(0.4 mol/L) 1 0. 5 mL #7 #k By ik 7, & &) J5 7
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37 C/KWEH K 15 min, %515 78 660 nm K F
PEAT O AR SRRV A bR o 5 TG P
SURTE 37T CHMT B2 s 8V B Bk i T
BE R A 1 g W &R T (i i (U/mg prot)

TEKI T ( Amylase AMS ) i £ I % R AT At -
TER LU vk, HWE PR S0 v g v iR AR
37 € .pH 7.0 &4 F S5 1EH 30 min, /K fi# 10
mg YERE LR 1A TER BTG J) AL (U/g prot) .

JIG 15T (Lipase LPS ) % £ 5 SR HI g 50 AR
Yy TAREWTSE R N i (LPS ) i 72 1257) & ( A0S4) itk
T , HaG M sE SC: 78 37 € .pH 7.0 A+ T, B 5
HAERSIRY N 1 min, FHFE 1 pumol KK
— NS 3 B (U/ g prot)

i 14 15 12 it ( Alkaline phosphatase AKP) Fll iz
PE# I A ( Acid phosphatase ACP) {1 ¥4 %€ & I
B AR — B AT I 2 o B Tk 0 TR B ( AKP) ¥
e B s AR A 37 C 5 R AR
15 miny=A: 1 mg By 1 N6 J5 842 (U/g prot) .
PR LW 1R Tl ( ACP) 3% P 8 0 1 s 20 U3 A 7E
37 CHAEF/E 30 min 4 1 mg B Ky 1 ANE )
HLOZ(U/g prot) o

A ™ % & B ( Glutamic-pyruvic transaminase
ALT/GPT) F1 & ® % 4 W ( Glutamic oxalacetic
transaminase AST/GOT) 7% 1 ¥ % F &t &8t 2k
Py TAEWE ST B AE 77 i R Ot IR ) T 7 . 55
A SVE B BT /E 37 C 5 pH 7.4 (13
JRR A T 30 min, £ 1 wmol P R A g% 71 5
£7(U/g prot 5 U/L) ,

A b Y Ak B ( Superoxide dismutase
SOD ) {if Pl 5 % I B BE IS Ak vk (R R i) 4T
ME ., SOD {15 L HTE 37 CHRAT, 2w
HAFE A S 2T MES | mL B AE
40 min,SOD 11 i % ik 50% H ff %F ¥ (1) SOD &
J—~> SOD i Jj §14; (U/mg prot 5, U/mL) ,

25 e H K 33 4 Ak 4 B ( Glutathione peroxidase
GSH-PX) {if 14 /9 I 5 >R T 5-— AKX A ik % 7R
(DTNB) ik, H i 4 78 JFJE b i 2 o B 2 5 R
FIBT, B 1 4Bl B =l Bl 52 0z i 4 T, 4 52 1 4 &
W GSH ¥k B B A% 1 wmol/L S il 5 Jy B {2 (U/
mg prot) ; Ho3 P 78 M 3% 1 & X oA 1 Z T i
THAE3T C RN S min, 11FRAREG AR 520 AE T, A 5
NAZ H GSH e B2 FEAR 1 wmol/L i 7 B4z
(U/mL)

i AL A ( Catalase CAT) 5 4 (19 I 72 %
BRmR B M S AE 37 CHRMT 2wl
ZUE AP g AL SR (CAT) 43 B0 o o fif Ot B2
4 0.50 ~0.55 B Y)Y o S AL SR X A Dy —
A A AL ST ) B2 (U/mg prot)

HAE & Hp W 25k % a5
o VERIE(AMS) 5 5 i (LPS) K 3E 45 5 M A
22 T 70 5 T R 70 4 R P s s A ) AR
WFTE T A= 7 1 a0 &, IR 7™ 4% R & B R B
KERAE,

1.5 HEAEMGIT

Fi A %48 ] mean = SD K/~ , A SPSS 13.0
AbFR, R AM 7 AE A - % ( Independent samples ¢
test) 34T P A~ Ab BLAHL 2 0] A H AL L P <0, 05
NEFTE .

RE 3l BE ( condition factor, CF, g/cm’) = & i
BEREK)

HT 48 % ( hepato somatic index, HSI, % ) =
100 x JHF Ik 26 / 4 5 3¢t

% K & K [ (the ratio of intestine length to
body length ,RIB,% ) =100 x fig i &/ K

2 ZHRS0Hr

2.1 EREAMMEFERANISGHEERNER
5 M

JIE% Ay 0 28 55k 178 d P RS [ FE R Y 1 5
FAE RN IE A 35 AN [R) T TR Y e &R K
FIA T 5 14 W 25 8 T RC & R (P <0.05) (&
1) 2 R S5 o 1 6 B 1, 3% D RE 402 T S
B 1. 98 £ 5 15 A A4 (Y B G 2K (85.59% )
B TS R4 (65.73% ) (P <0.05), 53
A1, I PRI 5 14 0 0 JIE W6 A0 95 2028 W
i TR IR (P <0.05) , 7 P AR B 21 /4 i 1< A
R LEAREER(P>0.05),
2.2 BEAMMFEERANISHEELEESR
H B R MR R

A FLZE 1) 0 5% 4 £ I o 24 R R o B
ity , TC 5 PR 2 1) el 1) 5 o e 2 A A 9
BEART IR (P <0.05)  [HPi AL B H
P18 R M R v 1 e R R O A
BEXEF(P>0.05) (£ 2). BHHEHH B S)
1 J17 TE R T U R B R A R R T
PRHL (P <0.05) , {H 75 &b 23 20 i J0E A0 8 v i 3
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¥R

BB VE B B E E R (P >0.05) (£ 3). M4
HRZH A JEF R M5 v R R R I L TS A T L T AR
ALH i 3B B 107 T80 R 2 TSR AR AL (P <
0.05) , EP 4k BE 41 B WA 1] 5 4 0 IR 107 6 35 4
ARFEF(P>0.05)(FK4),

x1 BEAEEMMEERNISGFHEER BEE.
PR E RS R KK LR 2
Tab.1 The effect of compound feed and live feed on

the growth,survival, CF,HSI,and RIB of
young fish C. nasus(n =3)

. Bt A A EHH Rk
it .
. compound feed live feed
index

group group

4K/ mm final body length 125.17 £6.74*  150.66 +5.70°

AR TR/ g final body weight 6.27 £1.08* 12.39 +1.31°
JRI%#/ % survival rate 65.73 £0.74*  85.59 +7.73"
BB/ (g/cm® ) CF 0.31+0.01*  0.36+0.01°
fTtE %/ % HSI 1.4 £0.2° 1.9+£0.2°

Ja e/ 1K/ % RIB 25.3 +0.9* 23.6+0.8"

T AT BAENG T B8 22 5 3% (P <0.05) , R IA]
Notes:Mean values within a line followed by different letters were

significantly different( P <0.05) ,the same as the following

x2 BRAEABMEERNIGHEHLFESD
EOMmEERFM(n=3,0/mg prot)
Tab.2 The effect of compound feed and live feed on
protease activity in digestive organs of
young fish C. nasus(n =3,U/mg prot)

P [ TR I TR
compound feed live feed
organ
group group
FFHE liver ND ND
H stomach 32.72 £1.30° 31.13 £8.62°

M7 38 intestine 40.58 £10.14"  29.12 +12.53*

4] 5 % pyloric caecum 43.49 +16.56°  86.37 +13.53°

1E:ND R Rk, T I

Notes:ND is “not check out” ,the same as the following

*3 BAREMBMBEERMNISGHEHELEES
TEMEEEEMNRIE (n=3,0/g prot)
Tab.3 The effect of compound feed and live feed on
amylase activity in digestive organs of

young fish C. nasus(n =3,U/g prot)

. i £ 4R 2H ;
FlE " 3 R
compound feed .
organ live feed group
group
JHEE liver 32.31 +2.34° 32.25 £2.94°
# stomach 134.93 +28.37"  221.08 +70.96"

338 intestine 196.63 £80.74*  928.91 +448.36"

#4715 % pyloric caecum  575.93 +129.94% 1 755.90 +541.61°

x4 BREAMMEEHMXTIGHE&ELEIESR
BE B B & R #2008 (n =3,U/g prot)

Tab.4 The effect of compound feed and live feed on
lipase activity in digestive organs of
young fish C. nasus(n =3,U/g prot)
o Pic 4 B R4 i R4
compound feed live feed
organ
group group
JFHE liver ND ND
H stomach ND ND
7338 intestine 23.55 +2.83" 14.39 +0.56"°
4] 5 4& pyloric caecum 17.90 +7.04° 13.23 £2.47*

2.3 BREARMBEENNISHEEEIRER
& B AR 151 B R R AL B R ME RO B2 I

2ok 178 d AS R R 4 37, D1 85 &)y £6 )1 iR
JE 5 5 1 o % B (ACP Al AKP) X 1 fiff ( ALT/
GPT #il AST/GOT) Ll [ ¥t & fL i (SOD .GSH-PX
N CAT) 1175 ¥ 22 BLA B AR 6]« BE A 5 Rk 21 17 s
PEWERR B (AKP) 36 M B 3 @ F IR 4l (P <
0.05) (£ 5), ETH MR 1.78 £%, 1 e A 1 K
1A F S B (AST/GOT) I 14 1 3 A% T 1% 15
BHAL (P <0.05) 5 H AP A 5 F g (ACP,
ALT/GPT ,SOD .GSH-PX il CAT) 7£ W 4b BE 41 2
] A 3 25 5 (P >0.05) o 76 7] 6t 4)) 4 1fiL T
4 38) B ( ALT/GPT #l AST/GOT) & #i % Ak il
(SOD F1 GSH-PX) {E MR B Lok A, AL 4 2
B A R EXER(P>0.05)(%6),

x5 BARBMEENNTISGHEFEERRE
SRl REHBURENEFENIN(n=3)
Tab.5 The effect of compound feed and live feed on
the activities of nonspecific immunity enzyme,
metabolic enzyme,and autioxidant enzyme in

liver of young fish C. nasus(n =3)

. AR R
E o .
o compound feed live feed
indicator
group group

TP MR B/ (U/g prot) AKP  103.44 +14.68" 58.20 £17.00°
R MR R/ (U/g prot) ACP
AN AW/ (U/g prot)
ALT/GPT

&/ M/ (U/ g prot)
AST/GOT

A AL B AL/

(U/mg prot) SOD

A0 H kit A AL Y e/
(U/mg prot) GSH-PX

L H AL E A/ (U/mg prot) CAT

91.48 £5.77" 83.25 +£11.20°

2.21 £0.67" 1.37 £0.19°

20.38 +5.78% 32.51 £2.25°
19 £0.59°

9.00 £1.45* 8.

83.84 +11.45" 84.91 +13.11*

0.53 £0.11" 0.45+0.08"
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F 6 BEAEABEER &L E M FE KRG ED
REEEENZNE(n=3)
Tab.6 The effect of compound feed and live feed on the
activities of metabolic enzyme and autioxidant enzyme in

serum of young fish C. nasus(n =3)

. [T R T
LD .
Lo compound feed live feed
indicator
group group

4 N E [/ (U/L) ALT/GPT
BRIEF M/ (U/L) AST/GOT

37.91 £13.48" 42.45 £20.95*"

41.29 £19.74" 48.88 £43.92*°

ALY ALEG/ (U/mL) SOD  52.92 £10.36% 50.26 +9.94%
7 it S AL Y/ (U/mL

T TR AR/ (0/mL) 286.21 £79.52 203.45 +20.90"
GSH-PX

3 i

3.1 BEEAMMEEMNISHEERNEFER
B %2 i

PR [R) R 23 0V 22 b 4 2R 1 2R A FILAE TR
TP 5 e R ) o A T TR ANRE B R
], f 2R A G ORI 5 R 9 AR KB A TR AR &
3w TG A R M R Y, G B IR
vachelli )" . & W 1 B fa
( Epinephelus malabaricus) """ | ¥ % ( Monopterus
albus) """ F0 V6 {f1 F| W #3 ( Acipenser baerii)'"’
ABIFSE S A 2 I 2R B, T 65 4y £ 4 0
178 d R4 35 , 16 THRHIR % 1 AR R AAE 0 41 B 3
THC G TR RE IR R Y R A A i R B L G
AL R A TREZH Y 1. 98 A 5 ] I, I 1 R} IR 3R
14 73 855 4 0 N0t B A R4 Bt 1 2 2 v T
A DREEY  3X AT BE 5t PR R T R LR RO B
i & (T & A0 & & 05Nk 67. 16%
7.13% ) FA B (FR a2 s & 8 ), W) i3 0
HEXT 7] 45 4 £ 1 3E 11 PR B AE 3 B i 1R A
WERCR 7350, JI8E o — R K F R K
ORI o I W= S L5 (5 < S ]
FURE 78 T 7K P f 28 f)RE A 77 o B v o5 2845
EPA Fl DHA i — B &g 9 2 5 45 i, 5 D) 48 )
AR AR RS AR ) RE SR S 2 B [F] AR
R SR, AR 5 R A I A BRDRL R K
A1 2T ME R Al W RE, S AOHL IR DT D
(T 5.74% ) , 5 HH NG 97 B2 24 1 b & & (4551
& X n3PUFA) 1] fE A id & ¥ K A4 K ) P 1y 70 8%
)98 35 5 oK TRl 204 B OR A 35 v KL 2R
TR (T H 48.82% ) (HH&E AP A{UA W &
SRINERZY SN 40k iR 7 F - = TSN A= QL il |

(' Pelteobagrus

EER R 3V I: b | B K7 R s = R SR = DRANY 1 g W
JI 7 1R AL
3.2 EBEAMMEEMXTISHEHELRFE P
HULEE SRR

T8 A TE T A Bl 23 A B R S, — RO £
JEH Y O R AR e, I A 2
B O3 WA B I A B AR e A — B LA T
B Bl Rz, IR AR W
XA R S5 R BRI A R AR AE T T8
LB PEE A B ) b e, miE Rz IF
JUE PR B AT A I 2, 3xX 5 R 2 Bt 2R R O A AL,
W2 2T I8 ( Scleropages formosus) ' | £ & ¥ T fa
(Siganus canaliculatus ) "', 5 9% F fa ( Siganus
gurtatus) " 5 T GE A WIS Pk LM 1] 2 B
L mIER ., H R IR A, AT RE e vE
Yoy Tt — B e U 53 08 8 D, A B T8 PPROHS L A T
WU X R T g B sk
JHF I 2 B s il A= ok ) 3 A% E, AH T 65 B Ui 1 A
JHF R e B A A I B i 5 AR T
TE AN ] 2, ] BE s DR S T 65 I 2 R D5 i
J A B s A TS MR B O IS A RE
PR A

AR 2 5 R I 1k S R S AL, B Y RE
R LR 4T AR B AR K
AN TF) B P 2 A [ T A Bl 0 8 KL A, T e N
FRIEAMT BRI o W —E R E o
S AR MR AR S B LA B S T AL RO O P S
LR B R v SR B B 2B A DD Y
KF L ARG T) 5 HBOR [W R  R
LA /TR 3 0 2 I UE R I AR D T
T E AL H R A B R 2
R ST A T Y T P AR B AR E TR A
J M BT DG, N R T B MR Y A R A
A By 1 A PRURR i s HOIH Ab i R REAE — € YU
PALR £ 0 1) 5 S A AR R Y 78 Ak B BE TE BR
Mok 2, BB 2w s AT oE M
( Pelteobagrus fulvidraco) ¥

281 S PR S R R R BT U
RO SRR R R A KD A
WEFE B 5 1R 2H /Y 1] e AR
B 3% P B S EORLZH A B I, X R i TS R
W RS AR R, T B R T R
5 A RS A R T
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o 38 %

N = e 7 U/ O | I 1 o Ay |
fie 175 ) I S R G 6 Gl I R W R AT fE 4
PRk 28 | Y 3 W, T B R R
I Y A K R O Y B
KE AR 3% 5 5 T BT AR ) 5 15 0 R
AR BRI 45 R A —FL

— BRI, 0SS TE B IS M O B A R
) & B Ot SR AR O T e A T
e, T A 0 5 B S oK AL G W B B A R
BLEH i 38 R0 1) b BE by B IS R BE AR T
& Wk K AL A ) BAR 0 T TR, 3R] R 2
HHEHBRIMA N IE M B EHEZ 5B YN H
A6, S BB T TR T 5% 2 40 R B R O

128 i I Tl 3% P 0 PEORL H R DT YOG R
A g% A e A8 28 IR I IS TS EORHRCA W Y
FSE M, e 55 0 BE A R 3L 5 e B R
(Tilapia mossambica) " ; 47 Lot 25 )18 1j B (4 756 1k
5 A B I U 2 B LE A S A BT R
FREE Rt 5 T A e #0120 W 1 5% 45 1)
MR Wi 2 B A OGPk, N B ( Pagrosomus
major) ' o ARG, WA R KL 4L 7D 5% 4 £ ) i 3
JIg 5 Tt 3% P B T O ORE A Y W o, L G HPORs B
it 1 55 R T B 7 S B AOAH O, H N Ak B
HHA T FE B DT e TS TR W 22 R

T3Ah T A LI A5 O 22 12 Ay, BL i
NP BKRAEUIG, JT 8% 4 0 5 B IR D
AT 325 18 4 60 30 1 T 0 0 50 A A A R AR A1 o
3.3 MERAMMEERG IS HEESRER
2 B A B LR T E L B E R R M

i 1 B R it ( AKCP ) B 2 PE 9% R 1§ ( ACP ) #if
EAEY RN EZ WA GRS, EEES
R B R A L G S B v A T
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i B PR K . X5 R BT 3
TR it AL X B [ S B R ACP 3 7 52 i AN i 3
25 AR o

&N B A& (ALT/GPT ) f1 4% H5 5% & i
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VI oL A S T o, BT LA R O Y
R e T 20 52 451 10 1 3 U AR . A
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fitg 7] LA K SOD 9 1 H /= ¥ H,0, i J& i
KT ARBIRSY R A R 4RI TR 41 7D 5%
oy £ JUE R I T TP 3 R S Ak TS 1 Y WA
F S UL ) Y4 AR 1 A DR, TE T A A Tl
LR R TE S A

http : // www. scxuebao. cn



1231 Bl , % oA BDRL R TR T8 4l A 1 A AN AL AR e e S e B A QI Tl S BT R AL B A 19 52

2035

185 R Sk B S A ARk, IBC 5 ek 2 I R

214 R 22 B0 Al AR R S SR B i QI Al S Bt
SEACHEE L, BOA RS S RS R L
5% A A R RS R G I T TR A, A )
B3 T 5% T ARDRL 38 28 A TR

FEA PRI LEEFRFFAREFR

S0 K B, A s — JF B0

Sk

(1]

[5]

[6]

Wei G L,Xu G C,Gu R B, et al. Research progress
of biology and artificial culture of Coilia nasus[J].
Journal Science
Edition,2012,9(7) :31 - 35,41. [ #}] 3% , %G WNF,
JBUA 2, 5. 0 8% Y AR W 2 N LR ST Yk e
RICKRZ 240 A AR AR, 2012,9(7): 31 -
35,41. ]

Tang X, Xu G C, Xu P, et al. A comparison of
wild and

of Yangtze University: Natural

muscle nutrient composition between
cultured Coilia nasus[ J]. Chinese Journal of Animal
Nutrition,2011,23 (3) ;514 - 520. [ JF &, ih W,
TREQ, % BF A 5 3R ] B LA B R L 1 EL R o
HrlJ]. sh#)E 55 %4 ,2011,23(3) :514 - 520. ]

Zhu D L. Natural

propagation and embryonic

development of Coilia nasus ( Engraulidae ) in
Yangtze River[ J]. Fisheries Science & Technology
Information,1992(2) :49 - 51. [ R#i K. KT 7] fa
MR SR B 5 IR IR B WSS K B R, 1992
(2):49 -51.]

LiY X,Xie S G,Li Z J, et al. Gonad development
of ananadromous fish Coilia nasus ( Engraulidae ) in
lower reach of Yangtze River China [ J]. Fisheries
Science ,2007,73(6) :1224 - 1230.

Wen H B,Zhang C X, Xu G C, et al. Development
of gonads in Coilia nasus from the Yangtze River
and Artificial Pond[ J]. Chinese Journal of Zoology,
2009,44(4) 111 - 117. [ 9 3¢, 7K R 4F IR &,
SR VLTI8% 5 I N 3R 5E ] B R R B A
HMEL. shW ¢ 22,2009 ,44(4) (111 - 117. ]

Xu G C,Xu P, Gu R B, et al. Feeding habits and
growth characteristics of pond-cultured Coilia nasus
fingerlings[ J]. Chinese Journal of Ecology 2011,30
(9):2014 -2018. [ 1R E , 4% ¥, 02 3, 55 . W 57
T4 ( Coilia nasus) fFp 8 54K B2
#:,2011,30(9) :2014 -2018. ]

[7]

[8]

[9]

[10]

[11]

[13]

JiH, Sun H T, Tian J J, et al. Digestive enzyme
activity during early larval development of the
paddlefish [T ].
Hydrobiologica Sinica,2012,36(3) :457 —465. [ 35
O, NV, I GF R AT RE TS AL IR R F
HIRFSE . 7K A A 24 47,2012 ,36(3) 1457 - 465. ]

Shi Y H,Zhang G Y,Liu Y S, et al. Comparison of

Polyodon  spathula Acta

muscle nutrient composition between wild and
cultured sword prawn ( Parapenaeopsis hardwickii )
[J]. Journal of Fisheries of China, 2013,37 (5):
768 —776. [Ntk i, KA E, KK L, 45 B KSR
BRI EG A7 X 0K WL 1A 38 5% AR 23 19 o3 M 5 R B K
¥4 ,2013,37(5) :768 - 776. ]

Li Q, Diao X M. Growth and digestive enzyme
activities of Pelteobagrus vachelli juvenile fed on
different diets[ J]. Journal of Hydroecology,2009,2
(1):98 = 102. [ 4 )5, 7 I5g WY A [) JHRE XoF O IR %0
A A8 HE 01 A= KT A T I A Y 5 . K A A e g
,2009,2(1):98 —102. ]

Lu S W,Liu Z P,Yu Y. Effect of different diets on
growth, nutritive composition and digestive enzyme
activities of juvenile Epinephelus malabaricus [ J].
Journal of Shanghai Ocean University,2010,19(5) .
648 —653. [ 32 i Jab, X JK 3, A . A [ BT A
LR AR R AR R RN = ) S AR R -3 IR
BI5 WL b i MR R SE 4% 4k, 2010, 19 (5)
648 - 653. ]

Ke Y Q,Hu W B, Chen H L, et al. Effects of
different feeds on growth and nutrient composition in
muscle of rice field eel, Monopterus albus [ J].
Journal of Yangtze University: Natural Science
Edition,2010,7 (1) :25 -26,31. [ #] £ i, 51 & %,
Mo ==, 55 N TR ARk X o 8 A R L IR B 3R 24 R
BRI VLR 2 2 R E AR B4 R, 2010,7 (1)
25 -26,31. ]

Zhang T, Zhuang P, Zhang L Z, et al. Effects of
initial feeding on the growth, survival, and body
biochemical composition of Siberian sturgeon
(Acipenser baerii ) larvae [ J]. Chinese Journal of
Applied Ecology,2009,20(2) ;358 - 362. [ k%, ¥
LB R, A AR S DR PG AT A A 6 AT £
A A AT A B3 B0 5 . IO A 3 2 4, 2000,
20(2) :358 -362. ]

Zhuang P, Song C, Zhang L Z, et al. Effects of
changing to different diets on nutritive components in
the muscle of wild juvenile Acipenser sinensis[J].

Acta Hydrobiologica Sinica, 2009, 33 (5):998 -
1004. [V, R, B RE, 5. 5 & 5 1H R X B

http : // www. scxuebao. cn



2036

Ko7

¥R

38 %

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

A v AR 4y 1 LA SR R 2 B R R K AR AR
% ,2009,33(5) :998 - 1004. ]

Luo J G, Zhang L Z, Zhuang P, et al. Effects of
salinity on digestive enzyme activity in Siganus
guttatus[ J]. Marine Fisheries,2011,33(1) :33 - 38.
(DG, HhS, BV, 5. NS0T ani
615 1 P9 52 00 9RO, 2011 ,33 (1) 233 - 38. ]
Natalia Y, Hashim R, Ali A, et al. Characterization
of digestive enzymes in a carnivorous ornamental
fish, the Asian bony tongue Scleropages formosus
( Osteoglossidae) [ J]. Aquaculture, 2004 ,223 (1 -
4) 305 -320.

Yang J H,Zhang L Z,Zhuang P, et al. The digestive
tube index and the activity distribution of three kinds
of digestive enzymes in the digestive organs of
cultured Siganus canaliculatus[ J]. Marine Sciences,
2009,33(7) :43 -50. [ & i, "B, ¥, %
N 57 B 6 0 1 £ T 103 45 % 3 Bl AL i
P A PERE A ,2009,33(7) 143 -50. ]

Yang D Q, Yan A S, Chen F, et al. Effects of
different diets on activities of digestive enzymes of
Monopterus albus| J]. Journal of Fisheries of China,
2003,27 (6) :558 = 563. [ {08, M™% 4, K55,
S5 O [ AR L o B B 3 Al WS s g [T ] K™
#42,2003,27(6) :558 - 563. ]

Qiao H,Huang C,Wang Z,et al. An investigation on
the variation of digestive enzyme activities induced
by different feedstuff in Pseudobagrus fulvidraco
[J]. Freshwater Fisheries,2007,37(1) :58 —61. [ f¢
BB, E N SE A )RR X B0 A T AL Al S T
Y 5% 0. 3 K ol ,2007 ,37 (1) :58 —61. ]

Le Ruyet J P, Alexandre J C, Thébaud L, et al.
Marine fish larvae feeding; Formulated diets or live

Journal of the World Aquaculture

pery? [J].
Society, 1993 ,24(2) 211 - 224.
Nagase G. Contribution to the physiology of
digestion in Tilapia mossambica ( Peters) ; Digestive
enzymes and the effects of diets on their activity[ J].
Journal of Comparative Physiology, 1964,49 (3):
270 - 284.

Wang Z G,Chen P J,Gu Y, et al. Effect of different
diets on digestive enzymes activity of Pagrosomus
major juvenile[ J]. Acta Oceanologica Sinica, 1998,
20(4) :103 - 106. [ EH A, B, 0055, 45 A A
TR X 68 HE e Ak T 5 P A 5 R I AR
1998,20(4) :103 - 106. ]

Jiang J K, Wang J Y, Zhang L M, et al. Effects of
chitosan on body

dietary growth performance,

[23]

[24]

[25]

[26]

[27]

[29]

composition and non-specific immunity of juvenile
Oncorhynchus mykiss[ J]. Oceanologia et Limnologia
Sinica,2012,43 (4) :729 - 734. [ Eip 3, £ FroL,
TR A R, 5. 72 BOME X UL 88 ( Oncorhynchus mykiss )
4y AR A PERE A L BB I e e e B ) R i 9B
VES5ITH ,2012,43(4) . 729 -734. ]

Ding J Q, Liu P, Li J, etal. Comparison of
nonspecific immunity and the activities of antioxidant
enzymes of Charybdis
japonica[ J]. Journal of Fisheries of China,2013,37
(2):275 -280. [ T 4x05m, X ¥, 24, 55 R [W) b 3
TR B At AR R 5 R S 8 S T AL TS 0 1 L
B K24 ,2013,37(2) 275 - 280. ]

S. The

in different populations

Muta T, Iwanaga role of hemolymph
coagulation in innate immunity [ J]. Current Opinion
in Immunology,1996,8 (1) :41 —47.

Chen J Z, Zang X L, Meng S L, et al. Effect of
nitrite nitrogen stress on the activities of nonspecific
serum of tilapia ( GIFT
[T ].
Environmnet Sciences,2012,21(5) :897 - 901. [ [4
FA W, TN, 2. A R #h A3 X B Ak
16 ( GIFT Oreochromis niloticus) Ifil i JF 45 S 14 0 5
FiE s M 1Y 52 . A A5 PR oA 4, 2012, 21 (5) .
897 -901. ]

Zhan F F, Zhao X P. Effects of Cadmium on ACP

immune enzymes in

Oreochromis  niloticus ) Ecology and

and AKP in Carassias auratus[J ], Sichuan Journal
of Zoology,2007,26(3) :641 — 643. [ &} R, ¥ ik
- T 4 J R 0 S AR G 1 R R I R R P R R I
PR . W 34,2007 ,26(3) :641 - 643. ]

Hu L H, Yan M C, Zheng ] H, et al. Effects of
salinity on growth and nonspecific immune enzyme
activities of Anguilla japonica [ J]. Journal of
Oceanography in Taiwan Strait,2011,30(4) :528 -
532. [ A AE, 1F S, K84 0, 45 Eh B 0 H AR g
M A R R AR A S e A R T T R T S . £ T A
2011,30(4) .528 —532. ]

Tong C,Cao Z J, Yang L, er al. Effects of dietary
chitosan on growth and non-specific immunity of
freshwater spadefish ( Colossoma brachypomum )
[J].Journal of Shanghai Ocean University,2010,19
(2):219 -225. [BH, WK, B, % TR
BROK VB A R AR R 55 M S e Dh BB B0 R . b it
W R 2224 9%,2010,19(2) 219 - 225. ]

Liu A J,Leng X J,Li X Q, et al. Effect of mannan
oligosaccharides on growth performance, intestinal
structure and nonspecific

immunity of tilapia,

Oreochromis niloticus x O. aureus [ J]. Journal of

http : // www. scxuebao. cn



1231 Bl , % oA BDRL R TR T8 4l A 1 A AN AL AR e e S e B A QI Tl S BT R AL B A 19 52

2037

[30]

[31]

Zhejiang University; Agriculture & Life Sciences,
2009,35(3) :329 - 336. [ X & A, & 4, /N,
& U BRI B2 B Ak 4 ( Oreochromis niloticus
x O. aureus) A= 1 J 18 45 14 F0 AR B S 1 5 2 O 5
WA 3 VTR 2 2 4 RO 5 AR i B 2 i, 2009, 35
(3):329 -336. ]

Wang T S,Zhou X,Zhao C Y, et al. Effect of three
kinds of feed on growth,immune enzyme,amino acid
content and digestive enzymes activity of
Procambarus clarkii[ J]. Journal of Shanghai Ocean
University ,2012,21(6) ;1011 - 1016. [ F K #f, J{
&R, 3 R R e IR S I AR S
il 2 T % e T Al Tl P B R b TR R
#2E4,2012,21(6) 1011 - 1016. ]

Xiang X,Zhou X H, Chen J, et al. Effect of dietary
replacement of fish meal protein with soybean meal
protein on the growth, body composition and
hematology indices of Schizothorax prenanti [ J].

Journal of Fisheries of China,2012,36(5):723 -

[32]

731 [ S, B AR PR, S R R SO 0
VR R S PO RSy R R AR oY A=A N A
Be M A= A A R B R WAL K 7 2 4R, 2012,36 (5)
723 -731. ]

Wen Y H,Cao J M,Huang Y H,et al. Effects of fish

meal replacement by maggot meal on growth
performance, body composition and plasma
biochemical indexes of juvenile yellow -catfish

( Peltobagrus fulvidraco) [ J]. Chinese Journal of
Animal Nutrition,2013,25(1) ;171 - 181. [ 3¢t 4T,
ERWT, B, S R H Ry A O X A 4
A M RE A R I 3R A AL R AR B S . 3 )
EIRAR,2013,25(1) ;171 - 181. ]

Parihar M S, Tarangini J, Taruna H, et al. Response
of superoxide dismutase, glutathione peroxidase and
reduced glutathione antioxidant defenses in gills of
the freshwater catfish ( Heteropneustes fossilis ) to
short-term elevated temperature [ J ]. Journal of

Thermal Biology,1997,22(3) :151 - 156.

http : // www. scxuebao. cn



2038 Ko7 OF IR 38 %

Effects of compound feed and live feed on the growth,survival,and the
activities of digestive enzyme , nonspecific immunity enzyme,
metabolic enzyme,and antioxidant enzyme of young fish Coilia nasus

SHI Yonghai® , ZHANG Genyu, ZHANG Haiming, LIU Yongshi, YAN Yinlong,
XIE Yongde, LU Genhai, XU Jiabo, LIU Jianzhong
(Shanghai Fisheries Research Institute ,Shanghai Fisheries Technical Extension Station ,Shanghai 200433, China)

Abstract. Through the investigation and analysis of the growth,survival rate,and the activities of digestive
enzyme ,nonspecific immunity enzyme , metabolic enzyme ,and antioxidant enzyme of young fish Coilia nasus,
which were fed with compound feed and live feed for 178 days,the effects of compound feed and live feed on
growth,survival ,and some enzyme activities of young fish C. nasus were studied. The results show that the
final body length,final body weight,survival rate,condition factor,and hepato somatic index of compound feed
group(125.17 mm,6.27 g,65.73% ,0.31 g/cm’ and 1.4% ,respectively ) were significantly lower than those
of live feed group(150.66 mm,12.39 g,85.59% ,0.36 g/cm’,and 1.9% ,respectively) , while there was no
significant difference between the two groups in the ratio of intestine length to body length (25.3% and
23.6% ,respectively ) ; No protease was detected in livers of two groups, pyloric caecum alkaline protease
activity of compound feed group (43.49 U/mg prot) was significantly lower than those of live feed group
(86.37 U/mg prot) ,while there was no significant difference between the two groups in activities of stomach
acid protease and intestine alkaline protease ; Amylase activities in intestine and pyloric caecum of compound
feed group(196.63 and 575.93 U/g prot, respectively ) were significantly lower than that of live feed group
(928.91 and 1 755.90 U/g prot, respectively ) , while there was no significant difference between the two
groups in amylase activities in liver and stomach; No lipase was detected in livers and stomachs from
compound feed group and live feed group,intestine lipase activity of compound feed group(23.55 U/g prot)
was significantly higher than that of live feed group (14. 39 U/g prot), while there was no significant
difference between the two groups in lipase activity of pyloric caecum (17. 90 and 13. 23 U/g prot,
respectively ) ; Alkaline phosphatase ( AKP ) activity in liver of compound feed group (103.44 U/g prot) was
significantly higher than that of live feed group (58.20 U/g prot), while glutamic oxalacetic transaminase
(AST/GOT)in liver of compound feed group(20.38 U/g prot) was significantly lower than that of live feed
group(32.51 U/g prot). In addition, there was no significant difference between the two groups in activities of
acid phosphatase ( ACP ), glutamic-pyruvic transaminase ( ALT/GPT ), superoxide dismutase ( SOD ),
glutathione peroxidase( GSH-PX) ,and catalase (CAT)in liver,and activities of glutamic-pyruvic transaminase
(ALT/GPT) , glutamic oxalacetic transaminase ( AST/GOT ), superoxide dismutase (SOD ), and glutathione
peroxidase (GSH-PX)in serum. The results suggest that C. nasus could ingest the compound feed ,there was no
significant difference between compound feed group and live feed group in most of digestive enzyme,
nonspecific immunity enzyme, metabolic enzyme, and antioxidant enzyme activities, while the growth and
survival rates of compound feed group were significantly lower than those of live feed group. Therefore, in
order to gradually replace live feed, optimized compound feed formula and improved compound feed that are
suitable for C. nasus are recommended.

Key words: Coilia nasus; feed; growth; survival; enzyme activity
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