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Table 1 Formulation and nutrient composition of the basal diet

Wi H Item %t/ % Content
%43 Ingredient
M Soybean meal 23. 36
KT Rapeseed meal 18.91
/NFEk Wheat bran 15. 00
WKy Wheat middling 15. 00
i Flour 11.72
i} Fishmeal 6. 24
KA Rice bran 5.00
PRI — 445 Ca(H.POD, 1.50
SALIHEE (50 %) Choline chloride 1.00
K5l Soybean oil 1.00
B4 T W Mineral premix 0.50
H 4 £ 4 Vitamin premix 0.50
Bk NaCl 0.27
HFFIKF- Nutrient levels

MEH Crude protein 29.00
MR Ether extract 5.26
ML 2E Crude fibre 6.00
WP 1.06
5 Ca 0. 86
K4y Ash 4.56
T Dry matter 87.55

12 RAFEE

TRl 35 K5 R 2558 0. 125 mm #2833 g )5 i K 9K
K, KR N IR (26~34 °C), HAR G ;24 h 7
SR RHOK 1/3 A4, W i i I AE 6~ 12
mg/L, & H&<0.5 mg/L.

T o AR R R BR AR B R 300 A5 A R
2 BT — R 0 4 B0 0 . 891G 1S 55 b #21
o FFRPEME 4 ¥ (06:00,10:00,15:00,19:00) , %
WAy 3 Fe MR, A R A ] 0 ZE 30 min A4
M58 1 h K s g o, LIS N H .

1.3 FEHRiE

T FR R e 45 R L R U A 4 A N T L T
SRR E A KRR R A, A BEALE 10
JRE B 3 i ) e A AR IR BT L SRS il R
W4 CH#rik 12 h J5 3 000 r/min 2.0 %145 0% , I
SRAEIX 10 & WA 1) i | BE Sk B RIGLAE , AR TR

SRl %R

<&

i

DA K AR bR, 2R 8 (FCR) | £ 44 JIE W B2

(CF)  H§ 2 24k K 3 (SGR) B & 1 (IBD | JIF 1A
(LBD 3k ' 45 % CHRDD | B 14 48 %5 (CHSD % 45 b
HHEAXSHRIHRE" W%k,

) WNIREGETE bR . W TR I Lsz SR F 0K 28 1k 2
SE 5 BIVRE & I W 7E VKK IR 2 F R RS 570 nm &b
D3GR AR5 37 "COKIA 30 min, IR )5 VKK
20 min Z 1k, 570 nm A B G, TFEA
KWW A=[(Thy — Town )/ (Tip —
To i) JO<bR WA W 7 o 2 1 R AR bR I 05 | T
Kyl A SOD SR I m o il 0] & L B Pk o R G
ALP fifi i1 4x A 3h A A 2 B A €

D RAME AL . B 5 R R A ) i 3
JEREAE A A pH 7. 2 PBS 2] 3¢ J5 3 000 r/min &
Oy I T VR R Ay KL T . OREL IO R R 100 A5 )R S
TR AE I T R A A K R (0. 01 g/mL) 37 °C
ARG 2 9 IR A IV 30 min, M & % 1A A
i ity 5 KL P T R S L IS S R TR G

DO RSMI TS . A0 B R 7 o RO AR,
B 2 mL 1. 3X10°cfu/mL A BR TR (g 7K AP0 i B
Aeromones hydrophila . W5 4E [R YN Vibrio har-
veyi V8 ¥ IR B algicidal bacteria y B ¥ Il 9N B
Bibrio parahemolyticus ¥4 75 0% % BR & Staph-
yloccocus aureus IR A 200 mL 35 57 K v 18] 5 H 15
F% 24 h JFdEAT R . 30 J7 2OR Ao A
oKWK ACEY B B A2 0.5 em BB AC A, K J5 W
TEE FRSNE A L% 50 L R[] i Bk B (2.4
8.16 mg/mL) BV B KIS W . R4 A
FAE . 30 CHiFR 24 h 50 5E 10 B e B A%

5) W R g . i FR IR 90 45 RS B 2H 1k U
fEH AR 115 AR 2 53 O W 35 1 R A R AT g K
HE PRGBS0 B R, Bl
BLAF AL 3 4H . B4 15 R, FE/K BRI A I
TR TR R A7 K AR B W0 A L 2 b T8 IR BRI P A
(BRI 30 “CORG 3% 48 h Ja » FH Az B3R /K v Uk 6
B2 107 cfu/mL &M, BREEES 0.5 mL &
W 73 EIORIE 5 2, ST 0.5 mL A BER K
YERZs (AR IR, G FF 100 em X 50 cm X 45 cm
1 J e A6 N BT 9R 48 h R IR IR B, WLEE 120 h
(120 h3ET- 8 TR ) W& H F A IE T ML IF il 5 .
T 65 30 ] 4 48 R £ SR 2 AR R . S K TR 18 ~
22 °C,
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H1 SPSS 17. 0 i F A7 5 N K 7 22 70 M+ 52 i
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L EFH K Duncan’s %L1 0. 05 KFEHEAT L &E 1L
L, KSR OB AR 2R RN

2 #RESH

AR R A E A E s K IERE R R
FRAAR VEAT 60 d, F75H A T A R ALY
UG 10020

Ak v R T R £ 2 KA

21

R, EEEERARET 45 4R E A KR
Pl FAR TR AL 58 60 KAF 100~300 mg/kg 4
B R A A 8 5 0] IR ZHAH L T B 3 2% 5L T 400 ~
500 mg/kg ZH MY 4 e A K 5 I IR T X IR

TRk v 114 5 T TG A 7 X e R RE (7% 52 )
3. 50T HR A A L L U 20 00 I N R A T R I
U T R A R OR T 300 mg/kg WL IR 56 4 Y AR
R AR TR AL (G 2),
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Table 2 Effect of Lsz added to diets on SGR and CF of Ctenopharyngodon idellus
4151/ (mg/ke) P58k K% SGR T i % CF
Group 30d 45 d 60 d 30d 45 d 60 d
0 2.76£0.17 be 2.4740.17 ¢ 2.00£0.08 ¢ 171.4446.79 b 200.9240.48 ¢ 211.05+4.18d
100 2.247+0.25 a 2.27+£0.14 b 1.95+0.14 ¢ 162.17+£6.08 a  193.2945.84 be  214.97+0.14d
200 2.83+£0.19 ¢ 2.22+0.18 b 1.8940.14 ¢ 174.1347.84 b 194.3740.20 bec  206.8540.89 d
300 2.4940.14 b 2.13£0.12 b 1.7740.17 ¢ 157.03+5.75 a 188.0647.35 b 194.03+7.52 b
400 2.46+0.22 b 1.8440.18 a 1.484+0.18 b 161.39£7.67 a 170.42+7.48 a 173.76+7.32 b
500 3.0640.24 d 1.95+0.16 a 1.284+0.20 a 179.27+£9.85 b 172.23£5.74 a 158.0848.22 a

D [R50 54 AN Rl 7Bk s 2 5 3% (P<<0. 05), % 3,5.6,7 [, In the same column, values with different letter mean significant

difference (P<Z0.05). The same as Table 3,5,6,7.
ARSI AR 60 d 5 1RDRE R B
TR TG ot 2 o A 3G I e R AR P TS . 200 mg/kg 4H
1) ) Ak 2R B I T X BE 4, 400 FI1 500 mg/kg 4
Tk 2R B R A T R (R 3D .
F 3 ARLRMAEEME S FRRBHEM(60 d)

22 fARRRMBAEENEETRLE TN
JE Y WG K SR B S, X IR AL R RE TS R R
60. 0% o Fa]AL Hh AR I i T il X £ BT SRR L BB ) Y 5
M {2 3% L B 100 mg/kg 415 X M4 TG &8 3% 22 5% 41,
200~500 mg/kg A FET-H (26. 7% ~10. 0%0) L X

Table 3 Effect of Lsz added to diets on FCR of C. idellus (60 d) ﬂﬁéﬂ%ﬁﬁﬁ%ﬁ%,ﬂ’i(lj<o 05),
4151/ (mg/ke) et /g P 23 EEEH MmHIEEA
Grow _Feeding quantiy FCR A 65 4 B 0 40 R 0
0 1 802.36+106.88 b 2.234+0.33 be s . N
N =1 N = A A b s e
100 1 840.484+44.51 b 1.95-£0. 24 ab (R 4 U T i WA 3 <6 B €5 70 20 R
200 US20040559.25 b L720.08a N SEUN A s 5O D O VA R RV R % 5 R I
300 1784.004+41.33 b 1.9040. 13 ab
A 1] 5 —F N R — R Y T B 3
100 1856.12656.15 b 2,340, 18 cd F 0 24 SR AR — 00 X ) — il 48 BT T 55 40 B AR
500 1.689.80469. 08 a 2.51+0.36 d P V5 T T T o B R B B KA g sR pd e
x4 AEAKRENAEBEHNRNELREENERIR"
Table 4 Antibacterial effect on common pathogenic bacteria with different Lsz content
S T T I W 1 Bl B 42 /cm Antibacterial circle diameter
B ¥/ (mg/mL) WK TR W 4 [C I B TR R i 5 4 B 00 R A R T
Lsz content Aeromones hydrophila Vibrio harveyi Algicidal bacteria Bibrio parahemolyticus — Staphyloccocus aureus
16 1.9840.01 ab 1.7640.04 a 2.28+0.01b 1.844+0.03 a 2.38+0.01 b
8 1.784+0.01 a 1.634+0.01 a 2.05+0.01 b 1.744+0.02 a 2.26+0.01 b
4 1.57+0.06 a 1.4340.01 a 1.8440.01 b 1.554+0.02 a 2.16+£0.03 b
2 1.2840.01 a 1.2440.17 a 1.584+0.02 a 1.3140.14 a 1.8040.05 b

D) [ 45 5088 A [ 7 £ 26 7% 22 53 .35 (P<<0. 05) . Within the same row, values with different letter mean significant difference (P<<0.05 ).
24 FEARPEIMBAEBEYEENREEEENIZIE IS0 200 mg/kg HIFH L HEAA A B &R
T Rk RS I v R B R SR B A 60 d, X 500 (R 5).
mg/ kg 20 %T [P 75 A M ARG IDE SOD 1% 1 1) 52 i T Ak r S 0 BRI 60 X 0 fi T T R T A
F, HBA S BB M 7 SOD T% M 2 BB HFBRE 8 i S A 2 3 52 e, 500 mg/kg 411
T TS O ) 8 R T 4 DR B0 A s T R BRSOl VE R WS ) B S T4 s 200 mg/kg I
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Table 5 Effect of Lsz added to diets on Lsz and SOD of C. idellus(60 d)
A/ (mg/kg) 17 /(U/mL) Serum ME/(U/g) Spleen
Group VARG Lsz SOD Tk R AR B ALP VAR Lsz SOD
0 17.70£0.81 a 60.90+11.71 a 4.30%0.34 a 12.43+1.90 a 134.80426.95 a
100 25.38420.45 a 57.104+2.32 a 5.28+0.13 a 12.4740.60 a 158. 60426.09 a
200 16.23+4.46 a 66.4645.07 a 7.03+0.30 b 10.324+0.54 a 174.90+26.40 a
300 24.9344.60 a 66.56423.76 a 7.38+0.99 ¢ 9.69+1.98 a 187.20+40.86 a
400 13.83+6.02 a 78.864-22.87 a 6.67+0.89 be 14.16+1.53 a 181.80461.08 a
500 20.6640.86 a 115.2+3.57 b 6.16+0.36 b 30.454+16.71 b 272.20+74.25 b
Fo ABPRMAERE 0 dMNEAREHE . EABMNILIE(60 d)
Table 6 Effect of Lsz added to diets on amylase and proteinase of C. idellus(60 d) U/g
HH/(mg/kg) Wi Intestine JFJERE Hepatopancreas

Group JEAREF Amylase M Proteinase VE i Amylase H AWM Proteinase

0 304, 7468.4 a 346.63+45.68 a 333.1449.4 a 368.81+13.74 a

100 302.4+66.4 a 359.42+2.64 a 305.9426.8 a 331.4649.63 a

200 294.5+59.5 a 396.49+31.45 a 398.1+10.1 a 645.67+23.32 ¢

300 332.8438.4 ab 377.24+55.25 a 310.6+87.7 a 635.13+81.95 ¢

400 300.2440.9 a 299.93+30.37 a 279.9480.1 a 463.04+31.53 b

500 420.9462.4 b 346.90+42.81 a 346.2499.5 a 527.68+51.55 b

300 mg/kg 2 W I 19 0K 2 (1 B OS  3E m F LA
2 5 Ji S B P T B U R I T T A A 4 2 18]G
EERGES),
2.5 BT AE A0 7 E X R B RO AR O H iR IE

0 Y ARCTE T 43 D A A G T D )
F14) 5% W) [R5 e 3 A7 8 0 R [T 5 o e R T 9 1 1
FH - 75 TR T 1) 5 10 35 A IR ) I 3 BRI (P<<0. 05)
LT 3. 91 X10°U/g FR&EA 3.44X10°U/g
(RT3, 22 X 10° U/g R JHEE) F1 2. 88 X 10°

U/ gUa W) BB J5 i HEL I % 45 0 T 0% ) ) 5%
Wi £ by S
26 fARPRAMAEENESNEFREHOZN
LR H S N s TR 60 d X BE A2 Sk W R SR
JUE AR 8 B0 T 35 52 Wi, T JHG A T T TRl o)t AE S m K
(100 5% 200 mg/ke) B AT LA I 2% $& 15 Sk B A0 B AE
RIGECCER 7)o R HeAE X e ZH R A 21 2 () G
FERBAMBIK LS 300 mg/kg 4 fl 500
mg/kg HAWEER.

K7 ARPFIMAEBMEENESRERNRM

Table 7 Effect of Lsz added to diets on internal organs of C. idellus

5]/ (mg/kg) Group kB 6% HRI

I I P 45 5 HST

A& e LBI i ik I 181

0

0.004 440.000 37 a

0.003 7£0. 000 76 a

0.016+0.002 7 ab

0.04340.001 9 ¢

100 0.005 640.000 17 b 0.003 97£0. 000 66 a 0.01840.002 4 b 0.045+0.001 7 ¢
200 0. 004 640.000 45 ab 0.005 02=0. 000 68 b 0.01840.002 3 b 0.043+0.001 3 ¢
300 0.004 240. 000 67 a 0.004 0£0.000 42 a 0.016£0.001 6 ab 0.035+0.002 8 a
400 0.004 140.000 53 a 0.004 740.000 82 ab 0.0154+0.001 3 a 0.044+0.003 3 ¢
500 0. 005 140. 000 61 ab 0. 004 640.000 91 ab 0.016+0.001 9 ab 0.04020.002 6 b

3 W # VT A AR PN SRR RO T 8 B A O

31 AEMMEGSEKERENFM

A 14 fig T8 B 7 6T G A AR AR T
A Jif T8 PN RS 22 0 TR AR I R
ZEAUFF IR A5 AR 43 WA B 1 T VE ) I R 4T 44 R 4
T AL, A B 00k B W AT I AR TR A
e 6 45 2R A UYL 2 R AR A o X R DL B R A
S ERT S5 A SR A R P o AR L 5 A I T T
i B AR SR w0 60 d R R B A AL #, R fE =

[Fi) S I 7 T 8 o 58 494 D T 348 5 F) 900 T A8CR R 2 5 3K
AE — R i (8] P 8 0 A P T T T T A ot 45 0
1 3 T . R RR R RS I AL HILRE K X i
107 B K AR 0 B AT B S A B SR Bk e AT
TEAR R 22 5007, 7 A e £ 450 R 1) C 5 Ak o i 7K AL
B ORI T b R Y R ST
FEAR M L An AR b e R R L X R O
T FPRE 3 VE A I 2T AR R B BB T 20 R Bk K
A P AR W KBRSl DU ROR) ] dx 2
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B AR Ao ARDIRE 5 0 A R T X A A P B A T IR BE ) Y R T

K&y . B, REARRKEH 200~500 mg/kg
2 ) (0 JH U A 1 L X R P R e
LR JHF o 0 R 7 0 P 4R v Tl ke ) B I AR L
77 i OV 32 BN A Sk LA E N 2 . BT
T A TR Gt — BEA 8] 5 2318 188 T 7 i, R
S T R AL A I B A 2 60 KA AR K MERE S
WAL T RT A5 d, 1 H % B S N & AE 100~
300 mg/kg B, B Af [ A= 4 Pk BE A0 IR 2H TG W 2 2%
ST AR 2R B T X BB 45X AT Rt BRI G VR A
Ko X — S FE R R b A B TR, 7
60 d LAJE B K A B 1] P L 3 6 2 2 75 A B A L X iR
YA R KPR RE R Rrilt — BT . 53 b
i P A0 T AL b 2 Bl P DR Ak R 43 43 L 1 55
SCHRIE T TR AR G Y 42 S AR VR AT R AT e R
Ve TR il TR Y A AR AR RE R T AR
AT 5% 0 A= K 1 i
32 AEBRSEENBLEINER

F A1) Sk A B RS 2 T
B bk EL 240 i 5 i RG34 G 1 B Y
JIE PR SR L S A TR N R R g
RE S Basm  A ST K BV T I T DAAE — E R
I R B e AR AR BRI PR K P A B SR B
W0 BE I AR B0 B e, AR 8 45 R B oR ., 100
mg/kg 2H )3k B F8 B0 200 mg/kg 2H 19 15 7 35
A 2 B 0 B R R R VR B Y I A
Xof B A0 1) G T A R RINVE

YR IN I SOD 783 Bk [ H & F bt S Ak B2 4
7 T A AR B R VR T T L A R 0 A &5 A
A R S A 2 SR W TR X A
F18 L35 R ELIE SOD 396 14 A 0 34 VE FH . Bt 5 5 T it 57
SN, SOD WEMEA FFH ., 500 mg/kg 41k
6 B0 B4 L3 AR E SOD 4 Lo %t BE 21 A i 2 42 75
ot FH 775 T A 0 B SOD 3% M I BVE L i B
SR Ak e S TR P A OGN
T SOD A 300 38V FH AR bR 5 . Bk 1 1 1R g 2 —
HE R, HE S5 S A, e
AR 5 SRR 1) 4 T 245 40 5 DA T 344 5 AL 4R X s D 4k 1Y
WRIRFWERE S, AR R LB K b E
e ek v i A A A B0, K G A I Y R
2 T 05 1 38 155, 200~500 mg/kg ZH R B i 3 mlopk
R TORE I Y 2 LR B ) fe g R ) e
ELEER RIS R, VS TR il T R £ G0 R A
KA 325 Tt 118 ) 35 2 X0 20 R X e K AR A P BT

JER YL T 1 o Y RO

A BRI 36 45 2R AT LR H 0 T T B
2 PR B T B8 R 4 R AT AR A T A R
LB 7K 5 Sl T T A 2 G B A O R AT B S Y
VBEBOR . ARWESE R B HTR G 1 T L A
KA BRI TR PO VS TR R X K AR TR 1 L
PR AR AL RE AR AR O B2 b 2 g s A B BE T
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Abstract To evaluate the effect of dietary lysozyme on growth and anti-infection ability of grass
carp,Ctenopharyngodon idellus ,fish with initial body weight 6. 93+0. 27 g were randomly divided into
six groups and fed diets with 0 (control),100,200,300,400,500 mg/kg dietary lysozyme respectively for
60 days. The results showed that the growth performance and anti-infection ability of grass carp were
significantly affected by dietary lysozyme. In the first 45 days of the feeding trial, the specific growth rate
(SGR) in all lysozyme-treated groups was significantly lower than that in the control group (P<C0. 05).
At the end of the feeding trial,the SGR in the 100-300 mg/kg groups was not significantly different from
the control, while the SGR in the 400 and 500 mg/kg groups was significantly lower than that in the con-
trol (P<C0. 05). Feed conversion ratio decreased first, then increased with the increment of the dietary
lysozyme,with the lowest in the group of 200 mg/kg. After the tested fish was challenged with live Aer-
omonas hydrophila by intraperitoneal injection, mortality rate of the 200-500 mg/kg groups was signifi-
cantly lower than that of the control and 100 mg/kg group. This study further indicated that activities of
endogenous digestive and immune enzymes were enhanced by the dietary lysozyme to some extent. Lyso-
zyme was also found to have strong inhibitory activity against common Gram negative bacteria in aqua-
culture by antimicrobial tests. In summary,the optimal level of dietary lysozyme was 200-300 mg/kg ac-
cording to the growth performance and the anti-infection ability.

Key words lysozyme; Ctenopharyngodon idellus; growth; anti-infection ability; endogenous en-
zymes
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