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= KT fEAE VA H B X % 8 % 3F £ (Oreochromis niloticus) i 4.8 41 41 45 4y & & Fn & 3= 4 Jit A1
F B9, ARH AT S AR AR R A B R A0 KR 18 mg/kg (L18). 36 mg/kg (L36). 54 mg/kg (L54).
72 mg/kg (L72)%7 90 mg/kg (L90), LA m i 1 B 8 77 RH(LO) 4y Xt PR, BEAT A3 60d W 7%, 48K
Er, AR AmEFEYEE S A M E I E e A T FRRBEE NP, L36, L54
FL72 6 F | AT R R R G B E M T e T X B 41(P<0.05), . BT RS 4G EE E AR LS4 An
L72 A B %5 T X HA(P<0.05), EMBEEEMEARTG. TN L2 L0 A8 F 5 T HE4A
(P<0.05), 136, L54 #n L72 He W EABAHAESE. gEMTERMBALERS, &
MEREE L, REBmAmAEN GG HHLATHRAS, LIS, L36 M L0 48 FEK T HA
(P<0.05), WAFHIHAL, ILEEEMBMAKTHAENE LR ENTAES, L36, L54 1 L72
AAERE G TAEA, BEEEEERP>0.05); WRARKEAE L54 Fn L72 AHEE 5 THE
H(P<0.05), AP B, L36 fn LS4 AT Ep| 57, BHhtawm, AR TFAEBAERS,
(BB F Ao AT e (A2 A T % Bk FErrm, ARk T MM, L36 f2 L4 4
MM EEAHEIENREE G T Ea, 2ERMEAIVE, L36~L90 4t T4, HE & Ff i
i 69 AR R A B ER B (P<0.05), HARKW, ERELLAHT, 36, 54 mgkg 7 H B 7 fn KT
EABREMNEARR, F8 P FaRBAHHA T M MBEEENRE REHSR A THR. HE
1 KL A B 0 O 1ROk
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B S 1 A P L R RS 4R o PR R B AR DX
— A RO, (H25Y5R 8 | DUARTT 251 . BR5E
15 Y AR s LA ROOE NS AR ERG) B VE AE U, AR E
ANBEAEFRIH A P S bR i B o WS TR — 2R HA
FARPUR TG A Z IS 0T, XRG4 . S
EXEN BRI Y A T AR, AR —Fh
B e 1 ) P LR I N T A e B R
S L WFSE & BL(E 44, 2013; skt I4E, 2008;
i £ % 45, 2008; FBEATAE, 2008), H AR H R INA B
YR E R EA AR 4 A K DR R = )
RMA GRS ER, 7T LLSE &SRB A
F, (HH TR SRR ) A 6 PR B RN A B AR AL R
RN A S M ) 22K RN T8 R R R
M), ] FH I TR AR K = s v i N S iR 2, HL
VE FHBCRAD AT AE — 8 R JE 19 22 S O B4R 46, 2013;
Chen et al, 2014), fFFRRY, B R EAUE—FA 1
PEB S VR R, TRl SR —Fh A AR, S5
SR AL 2R 48 % VAR ¢ (Nilsen et al, 1999), LAk,
T ek H AN T T 7R %) N i AR 2K P YR T A i
T, T T AL AR T 7 A R e (SR B S, 20075
AW 2006; Mot +2E, 1993), MR A [E Fl
J8 IR TR) B R A 5 R BN ) A K 0T RD 57 5 2
BISHURIIE DI BB AE — 2 R R, EX T4 B 2
7 5 At il ) 0] — A 52 i % A £ 288 SR B0 A6 R
FHFTHAEHLEE, 1A DL4RE

T 5 % 3 2 (Oreochromis niloticus) & 28 it f& otk
MRJE e R B At % R R R A K
PR RS AL FEAERMEFEASRER,
R FA T IMERE RN E R Em 0, fERER
FAETZWFR . SR, fEEhrd =i 2, %
g R KMy, NHAEELTRRRE T, R
T Z R AN, X A8 04 T4 A ML BE R 2 2 5 3 ok
. I, ARBFITE T 2 AR R R IR
[F) 7K S P8 3 B O, 3 E A4S AL A0 S R TR Y
THALBE ST | AR S M B B 28 B R B RV R A
=7 R ZE A VAR 1R RV R B AR R R Y
JOETH AR A 4 S R R M, S A I R Rl A
AR R R A B A H (R s A B
7 PR A RS AR B

1 #MHETE
11 SR SRER

R & PR E ST R (NRC, 2011), LIl
K ACHRRISERPRT E B R, LA A S
FERRHIR, B BORLAL . RIS 5 LR R KT 4 )
H 35.41%. 5.77%F1 22.87 kJ/g BFERIIARL, TR EE

fill |, 43430 18,3654, 72 F1 90 mg/kg, Bl 9x10*,
1.8x10°, 2.7x10°, 3.6x10° Fll 4.5x10° U/kg Y7 15 fiff
il s (R PR RE T8 20 W) W AR S M 5% 10° U/mg),
Sy IiE R Lo BE4H) . L18, L36, L54., L72 #l L90,
T RHE RV AT 40 H, Sl Lo R FHIE Y R
TN, 5RRIERHE G 5 5 R R HL(SLP-45,
Hh K R 2RI I B vl HLBRAS R AT 55 T ) il ok A2
2.0 mm [ REBURLARDRE DR BE R I TE(7545)C o
HARKT 5 T-20°C UK V2 45 o S ge il 4 pl A
BRACEIE 1,

*1 HETIFEEMABERRERKE%, )
Tab.1 Composition and nutrient levels of the basal
diet for GIFT tilapia (%, air-dry basis)

Wi H Items
J5#l Ingredients

& & Content

ff 4} Fish meal 5.0
S Soybean meal 30.0
164 #A Peanut meal 15.0
M Rapeseed meal 15.0
FRFE A Corn gluten meal 2.0
K ¥y Wheat midding 25.0
5l Soybean oil 3.0
il Fish oil 2.0
IR A4S CaHPO,2H,0 1.5
SALAAEH Choline chloride 0.3
A Z WU R Vitamin premix" 0.2
B R WUR R Mineral premix® 0.5
=41t — %% Chromic oxide 0.5
&1t Total 100.0
HFRKFE Nutrient levels
FT# 5 Dry matter 89.36
MEF BT Crude protein 35.41
HMLUBENF Crude lipid 5.77
MUK 43T Crude ash 7.63
JBfiE Gross energy (kJ/g) 22.87
ZEREL P/E (g prot/MJ GE) 15.48

e 1) geAERTIRR AT A RHEAE Vitamin premix
provided the following per kg of the diet: % thiamine
20.00 mg, #%#EZE riboflavin 20.00 mg, MLEEF pyridoxine
10.00 mg, JE 5ER nicotinic acid 10.00 mg, {Z A5 calcium
pantothenate 50.00 mg, “E#Z& biotin 1.0 mg, MR folic
acid 5.0 mg, JJLEE inositol 500 mg, V¢ 100 mg, Vi 50 mg,
Va 2 mg, Vg, 0.02 mg, Vs 10 mg, Vp; 0.05 mg

2) U B FUR R A BT SE k2 4L Mineral premix
provided the following per kg of the diet: ZnSO,4 7H,0
525.5 mg, MnSO4-H,O 49.2 mg, KI 5.23 mg, FeSO,4 7H,0

238.8 mg, MgSO, 7H,0 4.62 g, CuSO,4 5SH,0 11.8 mg, CoCl,-6H,O
0.2 mg, Na,Se0,0.66 mg, KC1 600 mg, NaCl 107.1 mg
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12 LHABERAFRERE

T S5 SIS AE IR KA IR T S M A T B
FHEIAR— 2 R K (11.35+0.08)g (1075 & & JE
960 J&, FEHLATELT 24 DRI MFE (k6 41,
B4 4 NEE), BMEE 40 B o X5 BR 4] 7 R R R AR
5 ANSEIG 2 43 550 Ko 17 fe M L18~1.90 £H ) SE i il k), S5
¥ Al T E KR ) 24 155K e A
(1.2 mx1.8 mx1.2 m)H, /KPR RIRMAK, FH LA
RO 7 d, FFHEEEFFEFHELRLE ., HER
FWOE IR T, BRI SR 3 7R(08:00, 12:00
M 17:00), HEWHERAEER 3%~8%, WRIFdK
BB, KA. SREIROUR RS . SCEIE 24 h
TR, EWEK, KN 26~34C, HHE>5 mg/L,
A E<03 mg/L, FHEAM N 60d,

1.3 HLIE

SCERE], f RS REDEHEC 7 DL 0.5%1 Cr,0s
VE R38R AT R B0 B4 A S 52 88, S 00 iy 904
7 do K 08:00 #KF 30 min f S, BRI
LR SE B NT G 65 CIEIRML T, (-7 T T a8,
LR 4 IR(1~15 d/ 1T 5 16~30 d/ 1T 1]1; 31~45 d/1I
1, 46~60 d/IVHH). MM B AIIRA IS
JEFREE, YRR HTRE S o I A2 S 06 A R R 2 R i
o, M . KRR Cr0s &, LATHRH
Rk B S5 W53 1 2 LT 1k %8 (Apparent  digestibility
coefficients, ADCs), H:H, K& &R A 105 CHEH
B e R s = R & G A AN A RN B A
x6.25) M5 5 FELAE W 25 2R G 05— Y B B 0 2
CryO5 F 2 SR it PR 8 X A I R AT 2 1

Tk 8 R B (T4 % . KA L RDHLE B ) ADCs
BRI T A

ADC(%)=100x[1-(FxD¢,)/(DxF¢)];

K, FREMERWEFRY TS E; D AR
BRYFE S, D, Mk Crnos & E; F, A3
i Cr,O3 B 4

1.4 BFREF0B A& E L EEN E

TFRIL RS R G , 258 24 h, FH T & W ORI
fif S| OB o 3 AR L 6 8 £ ) JTFAUE AN i i T 2 21, OF:
H34E Cataldi Z5(1987) 1 Garcia Z5(2001)AY J7 %40 &5
AL L SR, AR HEUE 0.86% 11 Tiyd fo F A L
IKBEENEY), AT 20 CrkA. FlleT, K
JFNES S B LU 4 CokAR AR, H BT - AR
=1 : 9 [ He I kA= BEER /K 5137 SR )5 4°C L4000 r/min
B0 10 min, B RO FRBEAS A EUE #5175 fL

FeiG A gisg , IEF 24 h NsE . Horb, R EEA
VE R LS e AR AR . BT, L R,
Jig Jo (5L e G A B M R A A B 22 B I IO R
Ji AN o B 1 TG 7 SR FHAR AR 000 5, 06 7
BRI 1 40°C F ARk IR 728 1 pg IR
MR, & X 1AEE S J1%47(U/mg prot) (Ji Ik
4, 2016), Hrr, HEAEE pH=2.4 IRMA BT %
HERIE, FHiE MRS A BEE pH=7.5 TFPEAN 4
P I (R 22 45, 2009)  TE R il (AMS) i 77 % Al
-VERT LRI, S )2 LIRS EE, 2016):
Z W ATE 37°C HIEYAER] 30 min, /Kf# 10 mg i
W SR 1A TE R B 1 5457 (U/mg prot),

I W it (LPS) TG 1 05 FH pig ot el i 2 9 TR 5% o
WA EIME, WSS e 37T CAMET, Bragid
HTEA R AR H 5P R0 1 min, %HE#E 1 pmol
WY 1 ASBETE J1 547 (Ulg prot) (it JK 18 4,
2016), LTI g5 H b 48— 46 2 (U/mg prot).

HLVREA R ] A S = AT R % S s i vk

IR SUTE R L R P R A A R R e R
T AR W TR S T R AR Y Ll iR A T
K 7532 RN 7 52 R BRI 5 0047

1.5 HFREFNZEALAYIFNE

TAFRILIRLE AT, B AR AL 2 Bt B2 1 em’
JERERT 2~3 cm B9TT . o, JE AL H RS 1.4 Tk
R4y B i, I 18 45 B BRI BIE () A 1) b Bk ),
0.86%fa F AL B R /K R e vk, W€ T7K 43 )5 . Bouin
[CHEE, 24 h )5, B3 70%98 1 T4 ) A
FIHIE . VIR VRIS R T, A 8UREAR 25 #0251
JECEERIK . ZHAGEY] . AW YA (5 pm)Fl
H&E Yefafm, e tss Bass ©UWgs . Fass it
H ST EHF) . 58E HW), % E HD)MLZE
JE(ML), SEIHARRAE AR (dGC), R FEA L 5 7k
Pz RGN R T . o, HF i HW 3
VR — B RS A Y 5 AR S I X4
HD J2 DA — 1™ 7 18 Rl 48 T %) 430 29 8 B30 R Il {5
dGC MEDIH [ 5 M m ol E b 2 TR AR 4
M H 5 tML B D) 1 SRAE S A BE LN 2 9 ek
JERE (2R W4, 2007, B E &4, 2010; T )44,
2014),

1.6 HiESH

S B 35 LA 4 {5 1E 2% (Mean+SD) 7R
K H SPSS 17.0 43 At ¥4 47 BRI R 25 3 B
(One-way ANOVA), #5203, WK Duncan [%
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B T2 E L, P<0.05 HZERDF,

2 #R
21 AAREBNTRARNNEESERANE

FrRL T RIIE W R 0E

Zeat 60 d WTRFR, AT e AR A KX
TRHE IR R LT AL R L 2. TR T, 4%
A fa kT . KELEE 1 RS B 10 2 BRI AL R 43 51N
60.48%~69.03% . 82.38%~87.62%F 70.71%~76.20%,
Hordr, L36 Fi L54 21 f0%F 14 ot AR 28 1 B9 R0 1k
P TR EZH (P<0.05), 78 L54 2353 KAH .
5 VA R TR S o 2 £ xR TR U 1 2 UL T Ak 3R 8 IR
TXF R4 (P<0.05), L72 Hifk; 7EMFE DY, 44
fo Xt 95 HLER FRUHLIR 5 A9 28 UL T 16 2% 2 ) Ry
69.24%~74.30% . 88.04%~92.00%7F/ 80.82%~88.24%,
i 5 A AR o ) 38 o, S 06 R B 1 LT £k
FRARE IUETH G B AR S, L54~L90 41 3% =
FXTHEAL, seih 3 dlfaxd 9. LR I B9 2 LI 1k
RAFTE 0 3 P R (P<0.05); 7EMIFR MM, 24 X+
Y. ORLER A RUHLIE D R AR 63.32%~
71.67% . 84.32%~88.79%F1 81.44%~88.58%, L36~L90
RTH5 . HLER (e T AR 2 3 v X BR A
H L90 41 i & v T HA 454 (P<0.05), [AIEF, HLAG G
FEMT AR AR () B R S B T3, W3 e T X
M2 (P<0.05); FEMFEIVI, 254l Xt k9
FL R (AL G B B R WAL R 2 BN 59.25%~

=2

66.06% . 79.63%~87.46%FH1 64.78%~75.09%, & L54
AN, HAth 2% 75 T TR 0 2H fo e RRE T4 R L ORLEE
UKL i A =2 O3 1b 26 34 B 3 5 1 X6 B 41 (P<0.05),
TE 190 2 5 Bl K1E

22 f{ARBAEBEENHLEEE NIRRT

I 2 3 A D0, s P e o e A £ D
Ji7 8 T AL B J1 77 A T S [FRR R AR R o 5% IR 2 A
o, W BRI B AR S | i A B
S B BEMEHEEA, 16 L36. L54 Fl L72 41 & i
KAE(P<0.05), J&i 8 (A BEG f 7E 4L 10) J0 i 5 vk 22 57
(P>0.05) ; V& A g 5 T , 7E = 71 1 S ISR ZH(L72 1 L90)
FIRFRE . 5 A BB 2 i T 6 R4 (P<0.05), A1
i 154 41 2 X IR, {HAE L72 F1 L90 4H i
FART X R (P<0.05), Wb FERR L72 417y H:
AUSTINZE YY) 5 258 T BB 4. (P<0.05) 5 JIE i it 5 16
L54 A1 L72 417 R AT Az 007 0 BTG 0 43 v T
HEZH A A 25 S N 2H (P<0.05)

2.3 BFREHA MY

23t 60 d SIS, A TR Z) F 4
SRULE 1A~F, XFFRZH RN L18 20 Ao H B4 22 1 T 40 it
e lmFe FAS A MAZ R B (I 1 i3k iR); L36
A LS54t 4 e 457, BRI, T Lo
I L18 HHECE, K/ —; mlERmA w2 f
LOO)fa i A L HEF AR XS Fl it , IR Z R L B
TS, L0 1A A 4fbia (& 1§73k FR).

FRAEBNEET FETEAFNAEFRMRFAELEFIE(%)

Tab.2 Effects of dietary lysozyme supplementation on apparent digestibility
coefficients (ADCs) of GIFT tilapia at different feeding stages (%)

) 35 1 48 it H W BFAR MK Lysozyme level (mg/kg)
Feeding stage Items 0 18 36 54 72 90

134 THi Dry matter 60.48+0.87° 60.96+0.21° 66.27+0.25° 69.03+0.06° 60.52+0.74° 61.23+0.28°
(1~15d)  #lE [ Crude protein 84.01+0.67> 86.49+£0.97° 87.62+0.56" 87.61+1.61° 82.38+1.45° 84.29+0.81°
SN Crude lipid  76.20£1.59°  73.64+0.92° 73.16+0.71° 72.43+£0.80* 70.71£0.71° 73.87+1.71°
1 4 T# B Dry matter 73.08£1.36°  70.81£1.97% 74.30+1.23% 69.24+1.75° 70.30+£1.08° 72.84+0.99%
(16~30d) HIFE1 Crude protein 88.04+0.80°  89.29+0.94*° 88.86+0.46™ 92.00+0.90* 89.48+0.90° 89.81+0.47"
HMUIEWS Crude lipid  85.49+1.32% 84.60+2.43° 88.24+0.48" 83.58+2.07°° 83.80+2.84" 80.82+2.63°
A T¥FE Dry matter 63.32£1.70°  64.84+1.14° 69.38+0.53° 67.57+1.37° 67.82£1.02° 71.67+1.31°
(31~45d) K1 Crude protein  84.32+£0.97° 85.35+1.08" 86.60+1.19° 86.13+1.08° 86.24+0.88°  88.79+0.43"
ST Crude lipid  81.44£0.94°  86.66+1.29°° 87.62+1.38% 85.83+1.57° 87.03£0.99%® 88.58+1.30°
IV T# B Dry matter 59.25£0.59° 62.26£2.91° 65.39+1.66° 61.45+1.24% 63.62£0.90° 66.06+2.64°
(46~60d) HIFE1 Crude protein 79.63+0.60° 81.96+1.35° 82.84+1.34> 79.78+0.54° 82.38+1.35° 87.46+0.82°
HMUIEWS Crude lipid  64.78+1.81°  71.01£1.92° 73.48+1.63" 67.31+1.42° 71.57+1.09° 75.09+1.86°

T AR BT RRos B ES . T

Note: Different superscript letters represent significant difference.

The same as below
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*3 AAREEYNEET &I E RIS LEEE S B FIE(U/mg prot)
Tab.3 Effects of dietary lysozyme supplementation on digestive enzyme activities
of GIFT tilapia in the liver and gastrointestine (U/mg prot)

A it H AR MK Lysozyme level (mg/kg)

Organ Items 0 18 36 54 72 90

JF i EMAME Protease 113.99+538% 111.66+£2.42° 115.90£4.27%° 119.23+4.92°  108.94+2.64° 115.12:+4.83%°

Liver TEME Amylase  11.71£0.63%  12.53+£0.44°  10.90£0.89*°  10.45+0.89°  11.58+1.01%  19.95+1.33°
B/ Lipase  272.03+£7.05° 274.73+7.11° 286.05+8.13° 376.77+14.49° 350.27+14.25" 284.45+10.78°

= EMMF Protease 183.64+10.65° 196.48+5.27% 200.63£3.59"  205.42+14.92° 189.10+9.66™ 199.04+12.01%°

Stomach 3§ Amylase — 4.45+0.76° 5.08+0.73° 5.27+0.91%  5.06+0.85° 6.15+0.84° 7.52+0.88°

i T Protease 417.39+15.21° 440.22+16.14° 515.95+14.66" 699.12+20.15* 595.06+11.20°° 574.81+10.52°

Anterior  JE#IE Amylase  7.24:0.16°  7.42:0.28°  7.23:021°  8.14£047"  6.20+0.13°  6.42+0.22°

INteSUNe  pepimg Lipase  149.35£10.71° 138.83£10.32° 130.35£9.14°  237.48+20.34° 147.24+10.54" 124.30+10.10°

iz W Protease 47.07+£2.86°  47.44+2.52%  51.01+£3.15*® 53.2242.66°  50.03+3.15°® 51.21+1.41%®

Middle | . .
intestine  VEBAE Amylase  0.57+0.05 0.75£0.06"  0.78£0.02°  0.82£0.09°  0.65+£0.01 0.81£0.04°

Je b HEHHM Protease  34.81+3.22 38.41+2.15 38.63+2.17 37.5443.05 39.32+£3.22 37.27+1.89

Distal

intestine VEFTEE Amylase  0.47+0.04°  0.48+0.03°  0.45+0.05°  0.43+£0.02°  0.49+0.04"  0.59+0.06°

BT e PV G 3 S AR ST S . S5 52 (< 400)
Fig.1 Effects of dietary lysozyme on liver morphology and structure of GIFT tilapia (x400)
A:LOZH;B: L184H; C: L36 4H; D: L54 4H; E: L72 4H; F: L90 #H
C: AR N: A0fA%; NM: i 0ifs; ND: &1 K; NE: BRk%; FT: £F4fk
A: L0 group; B: L18 group; C: L36 group; D: L54 group; E: L72 group; F: L90 group
C: Cytoplasm, N: Cell nucleus, NM: Nuclear migration, ND: Nuclear disappear, NE: Nuclear enrichment; FT: Fibrillation

24 HEARWSE TR 74 5 8 T R, A S R AT LS4
241 BEFRAT HIZ 4 A[UL, Zad 60 d 191H Al L90 HIHtH, HARHMFIALN)RHAEILER
S R EBRIVK T A & B it it AR IRINP0.09; AURRIEL, HEm
A oA TR IR S SR I INEAEFT I FE i A A T RS, L18. L36 A1 L0
Vi T B AL e R ] e 2 (18 4Lt , P< R NTXRAAL(P<0.05), AR AL, WU R
0.05), MR KL T (LOOVE e B et i T HOIKP IR SUOCT R B 22 AL 63, L36~L72
W adh . SRR R RISE T . LS4 FI L72 didenily  AUTEEE b TXHRAL, (H00 2 5 (P>0.05).
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Tab.4 Effects of dietary lysozyme supplementation on intestinal morphology of GIFT tilapia (um)
A s AR IMKFE Lysozyme level (mg/kg)
Organ Items 0 18 36 54 72 90
Hil — AEEE 38.00+2.00°  45.00+£1.73"  44.40+1.14"  48.67+2.52°  48.75+1.71°  43.67+1.53°

Anterior Villus density
intestine YL s i
Villus height
YETLE
Villus width
[N =N
Muscularthickness

s HEEE
Middle Villus density

intestine Y
Villus height
HERE
Villus width
L2 5
Muscular thickness

& WEHE

Distal  Villus density

intestine e s
Villus height
BTN
Villus width
[N =N

Muscular thickness

32.44+1.74°  32.2143.94%

27.7542.22°  33.67+£2.31°

22.83+1.24%  22.72+1.52%

21.00+1.41°  19.80+1.48°
103.93+5.85%  111.60+8.44°
80.11+8.53¢

35.75+1.75% 25.19£1.67°

28.76+2.22°

33.00+1.83"

131.50+11.33° 124.96+21.48° 126.32+19.37° 178.86+9.72°

23.63+1.95%

23.13+1.31°

109.55+8.40°

32.76+1.72°

331.06£42.98" 362.89+17.51% 345.93 +44.19° 413.04+53.03* 405.65+31.93* 343.04 +26.02°

117.39+14.65" 111.55+17.53° 143.30£10.07* 154.75£22.36* 139.79+19.52* 115.06£14.97°

31.81+2.23%  31.3542.59®®  29.08+1.88%

35.50+1.91*  35.00+2.16" 33.33+1.53%

123.05£10.22° 136.18+13.56% 151.65+21.75%® 163.75+20.65* 157.80+£17.18"° 140.42+15.17%

162.31£21.10* 125.67+16.55°

23.85+£1.55%  23.15+1.59*  21.46+1.19°

27.00+£1.15%  27.75+1.50*  21.75+0.96

128.75+16.55% 109.21+6.44°  123.55+4.08*

132.42+10.35° 127.57+10.61° 136.96+13.63" 135.39+11.49° 152.69+7.84°

34.46+2.27%  26.07+2.22° 32.55+1.98°

2.4.2 i R R BRAS G & 45 My 69 AL K 2~
K 4 R T3R5 60 d 454155 = 2 Ak iz A [E AL
A V)R 454 o 78 WAeE TOWER, S AP Ak ln gh
MBS LRI R 28 L RS, TR ZHIE I i 40 i
WA HHEIRN, SA5EE T RRVE M, e iti (1
MWEBREEE LF, W GRS N4 a0 i 18 45 Bt BE
HA B E 2 iR, X5 AT 5% B AT
Figi, B RARK, HOUER BRI, i L54~L90 41
AT SLE B A B mt:, 53% 4 I & 45

WG WE 3 frs, SXTIRAMLE, L36~L72 1
)R i 9B R | B AN TE A TR, H9 B HES
B, HE R R (L0 s E Rk E H
BRRERaS, R ANTAME ., M, HIUZE
FEAR T QK 4 B, SRR R I B A B TE 4,
LRI REAT K, L36~L72 41 44 5 11 40 6 % T A
B, L54 A1 L90 4 )5 A 906 = FE AT B ma 34, it
Ab, I BRI SR TR A E T, Xy
53 4 fy a5 R EAYE

25 RpEEMIR AR R LB

M 5 AT LIFE i, L54 F1 L72 20 05 7 i 26 0
B AR A MR 2 R T A A 2 (P<0.05) s H SR
HEZHAH EE , L36~L72 2H fh i vh i AL i W 2 A5 Bz AR
AR A0 B A 25 4 N (P<0.05)

3 itig

31 AAREBMEESFEaNALAEHEZEN
=AU

H7E Marshall(1998)42 i iy« —iF il B th st 2
Ky, BB AU 2 g e e E , BN
TETIRE LAFAES ) IZ IR o AR B < - AT
e, BRI R B -G P52 H B B A 2
—, W3E T ZHEZ M RIR A DIHERE R (Cortes et al,
2013), 7EKAZY B HmESRESE . B
DL TR 200 0 1 B30 0t S5 2 B 2 24 R A ok I e £ 2%
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P2 G R P AR AT IR . SR RZ IR (< 100)
Fig.2 Effects of dietary lysozyme on anterior intestine morphology and structure of GIFT tilapia (x100)

A:LO4H; B: L18 4H; C: L36 4; D: L54 4H; E: L72 2; F: L90 2
HF: 205 mE; HW: SEB I tML: JJUZJERE; GC: #tkanfi
A: L0 group; B: L18 group; C: L36 group; D: L54 group; E: L72 group; F: L90 group
HF: Height of fold; HW: Width of fold; tML: Thickness of muscular layer; GC: Goblet cells

K3 G R P AR A IS . SR RZ IR (< 100)
Fig.3 Effects of dietary lysozyme on middle intestine morphology and structure of GIFT tilapia (x100)

A:LO4H; B: L18 4H; C: L36 4; D: L54 4H; E: L72 2; F: L90 2
A: L0 group; B: L18 group; C: L36 group; D: L54 group; E: L72 group; F: L90 group

PiB i & B RUE R, JF DL S mE stk S A R R 60 d 5 4 g B AN RIS I 0 6 %
WHACRE 1 (G 2445, 2007; Farhangi et al, 2001). [F]i, 15 R T R A X R S R R, U T A R
JETF I P8y 55 ) T2 265 R i B 2 88 o) - LA 5 9 L T E fas el AR RS B P Ak lpiE A KA, X T hE
BA - R IER BB ZREE SRR S A5 0 R 45 8 R S T
Mo AR YR, L36. L54 fl L72 AfEthE A K. X 7§ #ll(Carassius auratus gibelio) () i 57 &
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Fig.4 Effects of dietary lysozyme on distal intestine morphology and structure of GIFT tilapia (x100)

A:LOZH; B: L18 4H; C: L36 2H; D: L54 4H; E: L72 4H; F: L90 21
A: L0 group; B: L18 group; C: L36 group; D: L54 group; E: L72 group; F: L90 group

®5 BHEEBMHEMKABRMOBEZTNL )
Tab.5 Quantity changes of intestine goblet cells of GIFT tilapia in different groups (ind.)

HBAL WM INKFE Lysozyme level (mg/kg)

Organ 0 18 36 54 72 90
Hil% Anterior intestine  12.67+1.15°  12.79+0.81°  12.38+0.48°  14.43+0.79°  16.38+1.25°  11.50+1.91°
il Middle intestine 7.50+1.32° 9.25+1.50°  11.50+1.12°  13.40+1.14*  12.80+1.79° 9.50+1.12°
J5W Distal intestine 4.1340.85° 4.30+0.45° 5.79+0.81° 6.00+0.71* 5.88+0.85" 4.50+0.50°

B, B NN AR RE S A UG 25 B A AE L TR A,
XoF i QA A ER R R R VR X R i
A= P45 R 0 T TET VR T VR FH RE S R A i 4 5, MOifie
W8 E & B (Chen et al, 2014), #R1ii, ABFITL;HE
KI, WIS WEEORRA R &SSP e, 5
INUZIERE , L 2H T RES, X rl e SPUARTER O
J i R RO RTHR T , W W e ok L (Rt sl
KA, BLAh, 7 T G i 8 Jn 000 mT 6 i 3 i 1 sk
YIS, SRR A B, it d
FEARBEFA Bk B

AL IR B, L36, L54 il L72 4 fafmh
1 Rz J2 AR 0 i A e e R, X
PR T & P HE MG IE KT, RIS BHR
fifl(Chen et al, 2014) . Wi {7%4 (Cooper et al, 2011)H
A s, (7] 5 9 A L AT 2 R 19 e v R AE G
T# XY (Wang et al, 2009) H & FPAE SR — 2, HNTE
BT PT BE7E -1 B G A0 VS A A 1 b B ARk 4n
Mk, NI Z =2 E A, T RIE s R
W2, AR b e SR N A E A Y

R, FERARMAE R kA . T IR B RE % 12 1F g
R 20 B 3 By A RD P4 248 4 Ty B L AE /DN R
(WRBABZE, 2005; X, 2007)FIHR(CRE, 2012)%%
B LA HRE, AN A TR BT
JURAb 7E W7 3414 o S 453 0048 52 R B T AL VR
(Tang et al, 2013),

A NFNE BB A 0EE, AR R, L36
L54 21 9 T IR AL 2020 B B i, e X HRZH FN L18
21, 20 A 4 O PRS0, T BEAE B AR K
A v R A g R R B 5 SRR, s A AR K T4
FEBA o X BROLEY, 3SR iz 38 A L i 22 fb 25
RATRE S “W-HFil R A B FEHLEIA &, LTH
A EAE I T SR AL 75 2 — 25
32 ARRESYEETIEAELEENNERE

— B, A IE BB Y252 B i IS B ok
AIRUBRE T ARV T, TR, o242 fol s A it it 1 4 74k
SEPETE AL o TH AR TS M 1 = AR AN IR 4 0 2 i 3R
YR ACRE 1 (0 SR R (R 2255, 2013), JHIEAE
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FQOI)WFFERIA, FE— Y [ R3S I 1A i g 1
245 15 ¥ 11 (Ctenopharyngodon idel lus) T s Jif 1) 2 11 it
TEPE, EXT i T B TR R TS A R AR
FERI, BEAENA A KRR, S EPEfA
WL A S M S B T R S R AR A AR
e, 75 L36. L54 F L72 HE M KM, MEhE
RS TG w5, [RIEF, LS54 1 L72 41 r9 A An
HI W R T RS M A S 8, i TiE ke i, 0
TEE R IRANAL(LT72 F1 L0 41)7 P H 45 =5 ) s Pk
(HTRA AT B AN BE ), 3 8 B 4 P V28 o1 il B 408 7 —
FRPE LGS & 2 A £ A S M T8 T A e Y 2
(HAFAE BN N7 5 B B & i T AL B R 2RO T ) 22 5
PEAS A o HE 0 5 PR AT 8 5 i B AR N 2R B 2R
PEA AT B HESE SR | F AR [ 3R A 38 7 LA
THALHE 3 B R SR % & (Yokooji et al, 2013), H:
WHEALHIA Reak— 0P8 . 59— 5 1h, ¥ B I X £
PRI AL A A S B R 3, AR PLIR N AR BT
— AR IR, A R I AR S T Y R

TRIKEE SR (2004 R B, S IARHIEAIR bR
J2 TR AR A MU — 2B A, S —
SR S A UL, R A A RS AT AR Y 2
BT, DRTT, AR AR AR E 4R o 2 38 i fa A 1k 7l )
Sy, ARWESERBL, L36. L54 1 L72 4 1o i 2k
B2 R AR R 4N B R B s T A, X RT RE R
X LZH 78 AR it o3 D 4 v 1) N — R A

33 HAREBNEEFEEERMUELRIE
)
FURIT, % TV Tl X8 IR B0 AL IR BT 52
Z W T &SP GRIEISE, 2008; FEHF 225, 2009;

TIR5, 2012), MifE#A2E UL T 5 F 46 (Chen et al,

2014), XUBAFGT T, FE IR S NI 2 10 1 T i
A TE — o T 3 12 5 SR 00 30 W %38 35 0 I 1) T A T
e, AR R o AT 5T 1o B 0 AN ) 5% 5 30
T B AR R T L AR 1 RURLIR D ) 2 0
HL, AIEm SR T BRI, L36 Fil L54 2 fa X%}
FHLEE 117 2 0T b 2 dnb 8 v Tk UL, i o ) 2 VS
KT SAETE B R  FiA R R R 3
FIREFE MMV, @RISR ma At
B FURLEE 7 A9 2 ULTH fL R 2 B [ Tk,
2 7F 190 21 H B i KA, HE 0 Dt A AT 68 A 1) 57 1T e
B, AR R R RS KT 3 TR DR LA T R
SR A AN =1 1 B G O N ¥ N [
HIL, e T, X 2 e e AR AT IIFRR
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Vi . RLEE U RUHLAG 7 09 T A6 2R 34 A 5 2 T
X5 R B RIS R ALE . BRI AR R E R
B AR KRR .
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WAAAE, I L FERRLHBER/EH . 7E5756 1 11
MY, L36 H1 L54 40 py 4 BHLRE AL, — 77 Il
T AT PR B B Y 2, 53— T T A DR U f
FRATHE T, (A7 i il A PR . IH AL B D RE
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W), 36. 54 mg/kg WM EZAEHE T R NRL
F R TH AL IR s F s B (M AV 1), 36~90 mg/kg
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Effects of Dietary Lysozyme on the Digestive Tract Structure and
Nutrient Digestibility of GIFT Tilapia (Oreochromis niloticus)

WANG Tan'*, ZHAO Jinxin*, LIU Donglai’, KONG Chun', HUA Xueming'?>*",

WU Zhao', WANG Gang', FENG Yue'??, YANG Jingfeng'*?, LIU Tao'*?

(1. Centre for Research on Environmental Ecology and Fish Nutrition (CREEFN) of the Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of
Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai  201306; 3. National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306;

4. Guangdong Haid Group Co., Ltd, Guangzhou 511400;

5. Zhonghan Town Fishery Sation of Agricultural Comprehensive Service Center of Chaohu Anhui Province, Chaohu  238054)

Abstract To investigate the effects of lysozyme as a green feed additive on the development of the
digestive tract and digestive utilization of nutrients in GIFT tilapia, a 60-day feeding trial was conducted
with graded levels of dietary lysozyme (0, 18, 36, 54, 72, and 90 mg/kg, marked as LO, L18, L36, L54,
L72, and L90 respectively). The results were as follows: The fish had a different feedback response on the
digestive enzyme activity in the liver and the gastrointestinal tract among groups; the protease activity in
the stomach, and the anterior and middle intestine of L36~L72 groups was significantly higher than that
of the control group (P<0.05); the lipase activity in the liver and the anterior intestine of the L54 and L72
groups was significantly higher than that of the control group (P<0.05); and the amylase activity in the
digestive tracts (anterior and middle intestine excluded) of the L72 and L90 groups was significantly
higher than that of the control group (P<0.05). The intestinal morphology showed that the values of villus
density, villus height, and villus width of different intestinal parts in L36~L72 groups were higher than
those of the control group, while the muscular thickness of the anterior and distal intestine was reduced in
dietary lysozyme groups. The thickness of the middle intestines of the 118, L36, and L90 groups was
significantly lower than that of the control group (P<0.05), and there was a firstly increased and then
decrease tendency. The thickness of the middle intestines of L36~L72 groups were all higher than the
control group with no significant difference (P>0.05). The goblet cell numbers were more in the L54 and
L72 groups than in the control group (P<0.05). The liver morphology showed that the liver cells were
more voluptuous and denser in the L36 and L54 groups than in the control group, while worse health
condition was found in the L90 group. With regards to apparent nutrient digestibility, the crude protein
digestibility was significantly higher in the L36 and L540 groups than in the control group in periods I
and II (P<0.05), and in periods III and IV. The digestibility of dry matter, crude protein, and crude
lipid were significantly higher in L36~L90 groups than in the control group (P<0.05). The results above
indicated that 36 and 54 mg/kg dietary lysozyme had the most stable efficacy, which could improve GIFT
tilapia dry matter, crude protein, and crude lipid digestibility by promoting liver and intestine
development and digestive enzyme activity.
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