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3. TARAREBEMEERMIREALRE, )R M

FAREA M BN BH X LAEXNEER. nE L
Rt oAl

gh| T, R &Y ERE S FEE S, kEas '
GRS & i R § 3

(1. THRELWREBEFE R, TR T 510640, 2. " RE S B SEIRAILSIRE, 74 M 510640
510640; 4. fErpfb RAFK =245, 4L R 430070)

FE: %iT 6 BEAERARBER, DUTN B ] B9 568 80 A R &0t L4 IE 4 F
YK MR AN R AR R AR AR . 18R 960 R R T E 9 (0.56+0.03) g HY
JUAESTEF ALy 6 41, 2 B35 Rl R0 R 20 i 6 M s, HRILAI(FEEER)
2 H 0. 20%., 40%. 60%. 80%7F1 100%, it % GO, G20, G40, G60. G80 F1 G100, 45d
BRI % R TR, G20~G60 4 FL44 % X ey 3 R (WGR) 5 xt B4 A b 2 7~ B #
(P>0.05), G80. G100 %41 WGR £ # [£{X(P<0.05), & G40 2145, & H X 4 L4 35 X oF B9 4 2
£ ¥ Z(SGR)H B Z K T #t FE 41(P<0.05), G100 4 #% £ & (FI) & 21K T & ¥ & 4(P<0.05), %
BRI 60%ET, FHE g X L4 35 X EF 8 4R R & 20(FCR) . & & i % (PER)., & A
JRIUAR 2 (PPV)Fu BT i 45 3k (HSD % ¥ 1~ . 3% (P>0.05); B A& X K F 8 4 4238 in, FCR #r HSI
I % Fr &, PER A1 PPV [ & [§£{K(P<0.05). & 41 %t & A8 3 £ (CF)An 7 78 £ (SR)H 1 [/ 42 &
e T B4, E2 R EEP>0.05), MABEHDERKTFHIE R, 280HE 8., 55(Ca)
fn KB (P) & & L F+ 5 (P<0.05), L Ag M4 & 8 % BE(P<0.05), THRfrkraEZERT
. (P>0.05), & %X 4 % 45 o 7% A0 AT B AR A8 b 4 5 b B (SOD) 78 15 . i 7 77 — BE (MDA)
45 A £ 3T B (P>0.05), G80 1 G100 4T fE 5 MDA 4 & % ¥ & T /8 4
(P<0.05), M 7&B A NEEPO)EEM XBHERFRENENTEERK, TP G UALEE
T H B & (P<0.05), FTHE R 5 1k 5% 5 B (AKP)7E M MR Ao 8 09 38 Ao 17 B 2 P 1%.(P<0.05). K
9 R R X L4 9 X AT B o 28 R B #(THC) . fn v — AL A(NO)& & . AKP & 0
AT JE PO & £ . NO 4 &% " 1 B 3% (P>0.05).

KR LavEstar; FBR; ek AKX AN, EBEREAR

HRESZES: S963.32°1 EKARERD: A

R AL SR LB IR, AN A U
, HOOBERR . R T AR, A
FIRNAEA R o R, & D, REHOK T s
ARG A A AR RN SRR, AR BT B HLA A
B 5, PRI 6 B8 5 4RK ™ GRDRE AU R B 2R
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iR, (HRHA T AR B = 8 AP, )5
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36 &

JE AR BT AN T, A2 e s Rl A
Tk e (AT B S 5 [ RS AN A 4 4 Tl )
F MK (housefly maggot meal, HMM)#E [ /i & &
L, oA ZFEE TR D PR K . BEEER . Tk
FETEMERLSy, FLIRFEMRAH 0 JFORRIR Sz, 3R
Jal I, BRI, HARRK Sk b ok
(R 1) L SRR AE Sl —Fior B 1) sh ) 2 1 IR,
DI A B L3z Bk 8 2 1 5 . BT RN,
DUE 375 B 25 ML K (Trionyx sinensis)'® | 5 &
% |41, (Gift tilapia)” . [E X} ER (Fenneropenaeus
chinensis)®? . JLENIEXTUF (Litopenaeus vannamei)!"”
BIUS T RAFARCR . s, G AT LA 4y
oY, 4 & A 4R 32 B (R Heterobranchus  longifilis
%3 Clarias gariepinus)!' ., AEER(Clarias gariepi-
nus)'H . @B B Lt (Oreochromis niloticus)! ']
Ak Ry, A DG S MR E Ry B AR TR R X
LA XF R A K 52 ) 15 A DA

LA X MR 2 3 [ G 0 ) 32 22 3R 5 AP 2
— U7 At B N K T SRR S R, IR SR
FALTH AR fOl i i K, 2 o K™ DR RE R
(1 24%~27%, T H#RNHE AT, X ERGEDRL
FUH3 BT 15 HE DA 2005 4R 1Y 35%P5A%F) 2006 4R
25%, TR R X MR DR ARy 1 5 i S AR
Yok USRI, R X MR e e A R
P WESE AT BN S8 . ARSI T DR AN ]
E A7) 5% i Ry 25 A 8 K Xk LN V5 %o R 4 R A K P
e, IR BUAALFIR R S e dR bR i e, LA
5 S FHEAE X R ARDR o 4 107 4R A R AR

LI Y SRS WIR T

1.1 RIe s

DIt R arfaty . SR, B4R R 8E
FIUR, o 05 TRV R B R, a7 AN i o4 g U D,
B ) S Atk pe ), FEAE X B R, LAk B
28%. KRMEE AN, LIS 73502
X HR AR 20% . 40% ., 60% . 80%FI1100% Y k5
B ] SAHR IR AR . KR b EHE, 37
B R AR B R, 35 S0 A SR, SR
W AR T A R BRFMTT, 225K
ZJa TR AL R, BT -20 CUKAE PR 75
o K4y MEEE . MR . Kor . B B S Es
$°9.5% . 52.3%. 12.7%. 8.4%. 1.2%F11.1%. 6

PR RO B 7 BB SR AL R 1, oM Pk
37%4 40, FEEZI18 Mlkg., TalRHERIZ 51480
H, InAfaih ., BEAEFIK, TRAIE FSLX-80% iU
FEEEMLHE R A2 21.0 mmiFekiiael, 55 C R4t
T, ASRARHEA RS, BT-20 CUkFE IR
el
1.2 G 5EFEE

B FHARI 3 7 M T2 SR SR, R 3R
RIGTE S A Al B BE & BT 52 BT K™ i 5%
DENEAKFIER G T IHT. FHARGAHE 24
A~ 350 L [BIA B BB 4T 46T (ELA% 80 em, = 70 cm,
IKARARF 300 L), #EKEAE Ky 3.5 L/min, FFIL 5
IR oK, B3R 2 J Ja e B e 5k
AT R (0.56+0.03) g B FLANTEERTEF, BEHLS> 6 4,
B 4 MEE, BOEE 40 BIF . AR5
P REEDRLA 5 AR e, 10/E GO G20,
G40, G60, G80 11 G100, H#t/H 3 ¥k(8:00, 14:00
F120:00), TEEHME, FREEI N 45 do BRICHEK
IR R FETIE N R B KR (27+2) 'C,
JE 5.0~6.0, Vf#%E>6.0 mg/L, A <0.10 mg/L, W
filfi2£h<0.01 mg/L, pH=(7.80+0.10),
13 HEmRESHH

RIGLE R, 2560 24 h, FRE, GitXtiRAETs
R, BAEEREHLES BREF, FTE R 5 R AT
AR AN E BV 10 AR RAE MK, FE
JHFJR A, FH i % XL 37 R0 T FER AR ST 0 S B 10
B IR FH T AR RS 43T

14 H R (weight gain rate, WGR, %)=100x(Z4K
W A J5 £+ B0 T MR AR S5 St — ) 2 AR A 5 4 ) /) 2
{UNpigss

i@ A K R (specific growth rate, SGR, %/d) =
100 x [Lo(R 4 {4 5t ) — La(#) ¥ 44 5 5))/5 77
K

B (feed intake, FI, g)=1H B &
R B IO R AU 245 AR B IR R 400)/2]

1Akl 2 % (feed conversion ratio, FCR)=HF 1 &/
(2 AR W R BT B+ 58 T HF 1A B -0 4R A 1A
Ji i)

H A B AL % (protein
PER, %)=100x (LR MR A it i -+A0 T MR A5 5 —0) U
LINVNG ISV PN A= s

/ [GRBTT

efficiency ratio,
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Tab. 1 Composition and nutrient levels of the experimental diets (air dry basis) %

Jikl ingredients GO G20 G40 G60 G80 G100
fal fish meal 28.00 22.40 16.80 11.20 5.60 0
FIRK HMM 0 7.36 14.72 22.08 29.44 36.80
K1 soybean meal 12.00 12.00 12.00 12.00 12.00 12.00
AEA4EH peanut meal 19.00 19.00 19.00 19.00 19.00 19.00
208 squid cream 4.00 4.00 4.00 4.00 4.00 4.00
HF5FEH shrimp shell meal 3.00 3.50 4.00 4.50 5.00 5.50
1 3 T Ay strong flour 23.35 21.64 19.94 17.23 14.52 11.82
TFEEIREN sodium alginate 2.00 2.00 2.00 2.00 2.00 2.00
3l fish oil 2.35 1.91 1.47 1.03 0.59 0.15
K G W5 (50%) soybean lecithin 2.00 2.00 2.00 2.00 2.00 2.00
Wiz —E45 Ca(H,PO,), 1.00 1.20 1.40 1.60 1.80 2.00
S ALK (50%) choline chloride 0.30 0.30 0.30 0.30 0.30 0.30
JIHE®E cholesterol 0.20 0.20 0.20 0.20 0.20 0.20
2 ZWRAEL * vitamin premix 0.20 0.20 0.20 0.20 0.20 0.20
FLER4S calcium lactate 0 0.69 1.37 2.06 2.75 3.43
Y FIR KL ® mineral premix 0.50 0.50 0.50 0.50 0.50 0.50
VC Hi&(35%) vitamin C 0.10 0.10 0.10 0.10 0.10 0.10
AR YEZ cellulose 2.00 1.00 0 0 0 0
BIFFKFE nutrient levels
/K43 moisture 7.26 6.97 7.34 7.12 7.37 7.76
HIE I crude protein 36.62 37.18 37.18 37.08 36.88 36.82
SN crude lipid 7.39 8.02 8.59 9.10 9.91 10.03
K5y ash 10.73 11.03 11.27 11.53 11.86 12.16
5 Ca 1.54 1.58 1.63 1.66 1.70 1.70
M total P 1.33 1.35 1.35 1.35 1.38 1.39
HAE/(MI/kg) GE 17.76 17.58 17.72 17.90 18.10 18.06

T a. BT IR4EAE R BURKHS 442 A 4 000 000 TU; 443 D 2 000 000 TU; 4EER E30 g 4EAER Ky 10 g 4iER B, S gdiE R
By 15g; 4i/EHK B8 g VZMREG 25 g MR 2.5g WK 0.08 g; MM 40 g; 4i/E % B1,0.02 g; JIEE 150 g.
b. BT EH YRR E S A MgS0,-H,0 12 g; KC1 90 g; Met-Cu 3 g; FeSO,-H,0 1 g; ZnSO,-H,0 10 g; Ca(105),0.06 g; Met-Co 0.16 g;

NaSe0;0.0036 g.

Notes: a. One kilogram of vitamin premix contained VA 4 000 000 IU; VD 2 000 000 IU; VE 30 g; VK; 10 g; VB, 5g; VB, 15 g; VB¢ 8 g;

calcium pantothenate 25 g; folic acid 2.5 g; biotin 0.08 g; nicotinic acid 40 g; VB, 0.02 g; inositol 150 g.
b. One kilogram of mineral premix contained MgSO4-H,0 12 g; KC1 90 g; Met-Cu 3 g; FeSO4-H,O 1 g; ZnSO4-H,0 10 g; Ca(10;), 0.06 g;

Met-Co 0.16 g; NaSeO; 0.0036 g.

[ Ji UL AL (productive protein  value,
PPV, %)=100x[(ZR IR T & + FE T WF 4 5T i)
LR MR 11 5 — ) 4R R4 BT 2 >R R M A B 1
TR ARA S

TG R (survival rate, SR, %)=100xiz56 4% o i}
W 4 J2 5 A s i A 1) R

JIE 3 i (condition factor, CF, g/em®) = 100
N VLIN N

R £ (hepatosomatic index, HSI, %)= 1001
JHF- Pt i B/ A 5

FHERRS SN TR IR K 4
K 105 CHUR 11815 (GB/T6435-1986) . LM
SRR PR E AU (GB/T6432-1994) . HLUIRIG &
R 2 BEh R 22 (GB/T6433-1994) . KM & %
Fil 550 CHybei(GB/T6438-1992) , 45 & &%
EDTA 7% & 12:(GB/T6436-2002) . i B & 1 R FHAH 5%
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k61 (GB/T6437-2002) 84 1l & .

A AR AR AT RIS, I AT REAL
HUS RAF, A1 mL JCR IS & T RO EBUn, &
H-& T JCH Eppendorf 4 1 . WL HR 150 pL H i)
F Eppendorf &, 37 BIIIA FLANEXTER ML 100
ul, HGETR A, B S0 pL HiEEAY Mg, A 10 mL
pH 7.3 [ PBS ZZ i, FIANMIITEUL(Z, coulter,
BECKMAN COULTER)# 17114k, N [ (MDA)
S AL YEALER(SOD)E 1 . —4E LA (NO)
i BPERERR R (AKP)TE P AN RE R P RS B AR
A T AR SR T R s A I e, AR
S BRI U BT . By S ALY (PO 1 1)
5E 208 Ashida® 05 e iif 7.

14 HEZITESH

T K - S (E +hR 1 22 (means+SD) R
K SPSS13.0% {1 A4 7 8548 gt 71 Fn 4B, S X 4L
P AT 5 22 e MR I, Gl fE Ty 25 5 SR I X
BRI T AR Oy 2250 M (One-Way ANOVA), 2
50 FAEDucan R ZH AR, WA &y 22551k
N A Dunnett [T 307 11 7 2 5 oA, P<0.05
FoREFMRE.

2 %
2.1 BB R EHIT N AEITR A KRR
fARR AR

G20~G60 41 FLYHTE X I ft 1 R (WGR) 5 %
HEZH AH H 25 5348 5.2 (P>0.05), G80. G100 4 WGR

B FHFRAR(P<0.05)(FK 2). SXTHEAIALL, G20 414F
FE A K F(SGR) B % MR, G40 H2EHF A B,
G60~G100 41 SGR 1 i &K (P<0.05). G100 41
X R £ £ 1 (FI) 5 % B AH LR AIR T 16.9% (P<
0.05), HE B4l FI -5 %) B4 AH b 22 5 R 8 3% (P>
0.05)c MR UBHHIEACHI I ACEA T 60%HT,
X FL 4 W £ 4B R BC(FCR) o 28 1 3T 2808
(PER) . & [T (PPV) FIAT 45 S (HST) 520
AR (P>0.05), FEAKERI4kLa i, FCR Al
HSI 2% T}, PER Fl PPV i E &K (P<0.05), %&
AR 2 XoF g A6 B (CF) 3 T X BB 4, (A5 R
TR F MK (P>0.05) . GBI ARtk 7E
—EFEE b AT DU @ PL AN I X B 9 A7 % (SR),

DL G60 A=, EEXTREAITHE 17.9%, HA541 2 ]
2SR E(P>0.05).

22 FKUBHAME R & LR 3 AR EK B 2 0
A

FIRME A B AR 2R T W o & i S0 B 2
() A B E 2 5 (P>0.05), ML & B A it
BRAUKE g 2 T E i, Hrh G20~G80
2H 5 % BRI AH L 22 5N B35 (P>0.05), G100 41 i 2%
1 T B (P<0.05)(F5 3) ML D5 1 st it 25 2 Wi i
KPR B N R#AIR, G40~G100 41 KT
X2 (P<0.05), FAHZM MK iR AR E
(P>0.05). 5 1S fE BE A S B Ry B K P 1
i 25 7155 (P<0.05)

2 FUBHEME K & LR X AR AP RE AR AR F RO R

Tab. 2 Effect of HMM replacement of fish meal on growth performance and feed utilization of L. vannamei

645 index GO G20 G40 G60 G80 G100
WA /g IBW 0.55+0.02 0.56+0.03 0.56+0.01 0.560.02 0.56+0.03 0.56:0.02
KK H/g FBW 3.82+0.34° 3.41£0.17° 3.63£0.27% 3.47+0.23% 3.00+0.13¢ 2.40+0.17¢
HE /% WGR 501.02 £65.11° 46839 +58.75" 510.67 +63.90" 51431 +47.51° 418.42+13.17° 325.63 +24.23°
EEEK®R/(%/d) SGR - 4.39+0.17° 4.13+0.19° 4.23+0.14™ 4.14+0.18° 3.81+0.08° 3.3140.11¢
B it/g FI 5.27+0.28° 5.230.54° 5.13£0.34° 5.05+0.16" 4.89+0.18° 4.38+0.24°
Tk Z % FCR 1.76+0.21° 1.90+0.22" 1.73£0.24° 1.75+0.16° 2.04+0.02° 2.40+0.12°
BT/ % PER 156.5+17.9° 142.6+15.3% 157.9+20.3 155.0+14.8° 132.8+1.6" 113.6+5.4°
EAJRTIHE/% PPV 28.57+3.29"  26.89 281" 29.86+3.68"  29.32+288  24.99+0.78"  21.88+0.74°
JiFIgEdE % HST 5.30+0.35¢ 5.59+0.21%° 5.66+0.22" 5.43+0.24% 5.85+0.10" 5.94+0.41°
B CF 0.83+0.02 0.84+0.04 0.87+0.01 0.85+0.03 0.84+0.04 0.85+0.03
G 3/% SR 83.75+11.27 87.50+13.99 91.88+9.66 98.75+1.44 96.25+2.50 98.13+1.25

T AT EARA R NG G308 22 53 B3 (P<0.05). TR,

Notes: Values in the same row with different small letter superscripts mean significant difference(P<0.05). The same is as follows.
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2.3 FIBHMEREMI LRI aUEE S

5 % IR Ry A2 AR 2L I T R it A e b
Ak B (superoxide dismutase, SOD)I& 4 ¥4I F % I8
H, H2E 7 RBHN B EAKE(P>0.05)(FK 4), £&1
ZH IfiL 37 P 8% (malondialdehyde, MDA)% & 5% I
HA 2 H A 2 (P>0.05), Hrp G80. G100 41
MDA &8 KT G20, G40 41(P<0.05), G20~
G60 ZH AR MDA & 556 REZH AR L 25 SR i 3
(P>0.05), G80. G100 41 {3 /= X HE4H (P<0.05).
24 FEBEMBEREHTAMEXTIEERES
EINEERI M

1 40 i 5 %% (total haemocyte count, THC) LA
G60 i, HEAR AT XTI, H44
Z 8] 22 R B3 (P>0.05)(£ 5) . IfiL 3 B 48 1L i
(phenol oxidase, PO 1 i Z b FLK; R AR 2 B 388
M PR, Hp G20 A E | THESAP<

0.05). &R ACLH I g B B 1 5 B2 1 (alkaline phos-
phatase, AKP)JF % it Z KT X HE41(P<0.05), ZX0
W A3 A ARy X LA X B 1 I ¥ — 4L fE R (mitric
oxide, NO) 7 i . AKP iGPERIHEAR PO i . NO
TR RN 3 (P>0.05).
3 e
3.1 FREBHEME R X a0 E X AR A K e FD
SRR RIS m

ARG, PG X U A A7 15 SR AR AL T LR
83%~98%, Horh M ZH 7S AR AR A . Y R BE A 110
P 60%HF, FLANEEXTERH H 2 (WGR)
55X R AT HE 25 R B3 0 G20 XA e AR R
(SGR) IR T X RREH, W] HE 5% REZH A A7 15 R A
AR TEARE BSR4, MRS AR
Y, WA MR, FNTE s, TA R T AMA
AR . CABIRRW, I8R5 N kA3

x3 FBHEMBKRKEMTNPENIMAERBZE (TE)

Tab. 3 Effect of HMM replacement of fish meal on whole-body composition of L. vannamei (dry matter) %

FEH5 index GO G20 G40 G60 G80 G100
DJ VB dry matler ) g0.037% 25234050 25424043 25.16+030% 24924022 24.78+0.40°
CP*EED crude protein 44 55y 400 71.10£0.94%  71.1540.84®  71.72+0.60" 72.5140.66™ 72.70+1.17°
HAEW crude lipid 8.60+0.74" 7.66+0.77% 6.80+1.21% 6.34+0.71% 6.58+0.65 5.62+1.02¢
W4y ash 11.91+0.37 11.98+0.30 12.08+0.28 12.37+0.15 12.70+0.58 13.03+0.63
5 Ca 3.48+0.10° 3.54+0.08" 3.60+0.14*° 3.69+0.18%* 3.77+0.13% 3.81+0.22°
MW total P 0.99+0.05° 1.05+0.05° 1.06+0.07* 1.13£0.19* 1.14+0.07* 1.20+0.03*

F 4 FIRIAMBKEH I NLGE I MEFFIATERAR MDA 28 . SOD &4 FIE
Tab. 4 Effect of HMM replacement of fish meal on MDA content and SOD activity in serum and
hepatopancreas of L. vannamei

ZH4 tissue 165 index GO G20 G40 G60 G80 G100
M3 serum SOD/(U/mL) 418.3+30.5 387.3£36.3  385.1£36.4  383.3%£36.3  390.4422.5  369.2+15.9
MDA/(nmol/mL) 31.0+1.8® 33.6+3.1° 34.0+2.8° 31.0+2.7% 25.8+5.2° 26.5+2.7°
JIFERIR hepatopancreas  SOD/(U/mg prot) ~ 127.0422.0  126.1£15.9  106.7£10.9  105.7+13.5 110.8+13.3  107.4+6.3
MDA/(nmol/mg prot)  1.3£0.3" 1.6+0.4™ 1.5+0.3%® 1.5+0.2%® 1.9+0.2° 1.9+0.4°
F5 FIBEMBKEMTAHEMNITIEFFERZIBRAREN
Tab.5 Effect of HMM replacement of fish meal on non-specific immune indices of L. vannamei
ZH 21 tissue F8 5 index GO G20 G40 G60 G80 G100
k7 Nk 6
THC/(x10°%mL) 5.24+0.73 4.57£1.76 4.64+2.29 5.60+2.34 4.88+2.31 2.78+1.02
haemolymph
I3 serum PO/U 1.45£0.24°  2.10£0.43*  1.58£0.41°  0.98£0.20°  0.39+0.01  0.26+0.02¢
NO/(umol/L) 84.75£4.94  73.47+8.18  73.94£824 7426+11.20 71.25+7.35  72.61£6.00
AKP/(4:[CBAA/100 mL)  2.04+0.34 2.1340.44 2.23+0.21 2.20+0.14 1.68+0.09 1.75+0.18
JH R PO/U 0.79+0.30 0.76+0.24 0.78+0.44 0.83+0.32 0.46+0.23 0.48+0.25
h
cpatopancreas NO/(umol/g prot) 3.99£0.54  3.83£0.40  421£040  3.88£0.53  3.85£0.64  3.76:0.75

lats 1.
oty WWwWw.SLAUCLUAau. L1l
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¥R 36 %

AKP/(U/g prot)

P g A A T A e
BERACE AT 60%HH, 4 4% iF i85
TR RBORE A BUECR R 22 R A K, B
BARUKF RO RS, & 46 bR 123 IR (P<0.05),
% 5 Sogbesan 25 "X 4 A7 % (Q Heterobranchus
longifilis x8Clarias gariepinus)RIWFFZZEML, SR 1M
HAh e E wi e R, KWk T e 2B R es
B L8 (Oreochromis niloticus) R iy £ g6
HB PR e 2 S 1 i KL AT g 5 AN (R A SIS ) #2004
TR () 5 SRANR] | e FH B R g ML A 40 fin T2
PASCE SR 56 B R 2 R MR LR 14 5 — R
Ml ez B R, H&m AR E 41.90%, M
FLASS H AR A A U R (HLUFA) B4 25 i AR 12,
Tk HUFA 3 it AN & 23 X0 FLARTE TR ) A 4
FEAAFIRE IR P R, R K B S R £
13 R RE 2 T BURDRL Hh i 2 R S5 0 T 2 R DA K

HUFA &5 RE[EAR, ASRERE R PLAN XTI 5 FR K,

M FEAR A R, (R R BT, 8 Bk
RIE AU T [ toh, A b i 0
W A R [ AL 5 AT B 1D & =1 A AR 251 T A

T, DR ki, TR AR EAR A B ],

Ho BN A AVFREY, EAARN SRR
K AR 2y 0 14 R RO, (I P e D
TP, AR, G0 G100 41 LA
Xof P 4 B0 2 T R, AT RB R R T DR R IR
T et 0 T R EUR Fr) g 1D S AT 5 SRR A T
JBE AR FR ORR S RS 1, SR T v 7 k14 S I E R XoF L
A 0T W A B B 40 1 1 P e LRI, A R
— 5T -
32 HRBHMEREHITNWETNER S
=AU

FEAR IS o, il 5 W AT B A AR 7K ) 38
i, PLANEE IR MR & B & T, MR
i i PR K(P<0.05), SRR TR &
50T AL A B 22 SO B 3 (P>0.05) . iX 5 Ogunji
S5 LT F e E Y 1 G f A0 o) JE 580 0 £ O BIF 9 45 SR
Al ZAEFEI G, T s e Ry % 2
KL R [ i TG IR R e, T AR s o DU
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Effects of replacement of fish meal with housefly maggot meal on growth
performance, antioxidant and non-specific immune indexes of
juvenile Litopenaeus vannamei

CAO Jun-ming' ?”* ", YAN Jing' *~***, HUANG Yan-hua' *?, WANG Guo-xia' *~,
ZHANG Rong-bin' ***, CHEN Xiao-ying' *~, WEN Yuan-hong' *~ , ZHOU Ting-ting' -~ *

(1. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. Guangdong Public Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China;
3. Guangdong Key Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China;
4. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: This study was conducted to evaluate the effects of replacement of fish meal by housefly maggot
meal (HMM) on growth performance, antioxidant and non-specific immune indexes of juvenile white
shrimp (Litopenaeus vannamei). Six isonitrogenous and isoenergetic diets were formulated with 0, 20%,
40%, 60%, 80% and 100% replacement of fish meal with HMM on a protein basis. 960 juvenile shrimp
with an average body weight of (0.56+0.03) g were randomly assigned to 6 groups. The shrimp were fed
six diets respectively, named GO, G20, G40, G60, G80 and G100. After 45 d feeding, there was no signifi-
cant difference in WGR (weight gain rate) from G20 to G60, while it was significantly decreased in G80
and G100. SGR (specific growth rate) of shrimp were significantly lower than that of the control group
except for G40 (P<0.05). FI ( feed intake ) in G100 was significantly lower than other groups (P<0.05).
Compared with the control group, there was no significant difference in FCR (feed conversion ratio), PER
(protein efficiency ratio), PPV (productive protein value), HSI (hepotosomatic index) when the replace-
ment levels were no more than 60%, while FCR, HSI were significantly increased and PER, PPV were
significantly decreased with increasing HMM replacement ration. CF (condition factor) and SR (survival
rate) in HMM groups were higher than those in the control group to some extent. With HMM increasing,
crude protein, calcium and total phosphorus content increased significantly and crude lipid content de-
creased (P<0.05), while dry matter and ash content were not significantly different (P>0.05). No signifi-
cant difference was found among all the treatments in serum and hepatopancreas SOD (superoxide dismu-
tase) activity, and serum MDA (malondialdehyde) content (P>0.05), and MDA content in G80 and G100
was significantly higher than that of the control group (P<0.05). Serum PO (phenoloxidase) activity tended
to increase first and then decrease, the highest value was observed in G20 (P<0.05). Hepatopancreas AKP
(alkaline phosphatase) activity decreased significantly with HMM increasing (P<0.05). In all the treat-
ments, no significant difference was observed in serum THC (total haemocyte count), NO (nitric oxide )
content, AKP activity and hepatopancreas PO activity and NO content (P>0.05).

Key words: Litopenaeus vannamei; housefly maggot meal; fish meal; growth performance; antioxidant
capacity; non-specific immunity
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