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WX, BAE, RER, RIFR, dRE

(L. KPR ER R ARG, B 2013065 2. ARV ERE RGBS T G, Bl 2013065 3. K
Feshig te B AL BT R G LG, R 201306)

i E: BT RN R A NN (3 2 R R A 11 XS ML 52 X AR ( Litopenaeus vannamei) HE A< H
FRPN A T RS VR o IR B0 5 4R S AF REIRDR) : fk) 5 2 20% RO TEXT IRZL L ) 35 4t 15% 1Y
B0 B L (R AF B R QAR ) A S70GH BEGDRE o 1) 45 T 5 8 51 28 19 (500 mg/kg) B 24182 (900 mg/kg)
(BB TEXS B AR —BOKF) 175 me/kg 8 A, EERTERR R AR 175 mg/kg &AM, 7 RATIG (£ 5
H(2.96 £0.02) g Y FLANEXTER 6 Jil o S5R K] 1T B BAT F I 5 3R AT )k 28 2, T 70 AR AL 1
T AR AR AR DR R R i 5 1 GO0 B DR kb SE AR IR R IS, A B e R A AR A e R B (P >
0.05) ; [A I #h FE R IERR FNEE IS , AR A AP 11. 5% , DR R JUEAR 0. 18 (P <0.05) , B3R 1
FURDURRR T BONALE FAE R . UK HLE B HLUIET UK & i, SR AHLIR I DU SR AT e it e
Byt Wi RES PETE S AL T B 2257 (P >0.05) o LA ESSREH] TR 15% by Gkl b ok 58 900 mg/
ke T R AR 500 mg/ kg THERI 2R E 175 mg/kg B M, Xt FLAATEEXT HR AR A o036 AN 2, I 43 TR 0 ek

S8 LM E A il T A R R MR A A R PR RE AN S TR M TR
REIA: FLANIERTAR s Gl SR |l A BERYBA A IHILREG

HmESES: S963. 1 SERAREED : A

Bl A 3ROK 7 R GE AR = 5 3G, £k
LR AN JE E A ] 29 7K 7= ARDRE Tk & e i)
IR A A A (0 1, 8 I ) 2R 1R
AT, A 5 K P kL K e iy b SR . AR
1, P 1 rh o 2 1R | R 2 IR 55 A i 2 ik TR o
ZFNHAARAITE A 3, o ] 2 H R AE 7K 7™ 4]
R R EE AR, Ft, o AT 2
FERR NS AR AT, S s A A E SR
{H

TESHIMA 251 5B, fableb e v it A S S
ERBREL N H A 2& XF HF ( Penaeus japonicus ) [ 4=
T FVEEVERT, 76 BE 5 X MR ( Penaeus monodon )
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FAREHE AR 2R A TR (75 20% fa A ) o 5% fa
B, B SIS AN I R K L 25 T
WA A KPR BE AR R A i 2 0, Ol R
S MVER 11 I 0 X S 4 ek v A 45 B P 4R 164K
3, LAREARORT SR ARDRE b ) £ 7K

1 MeSI5k

1.1 K& 5ik e E

BETT 08} 7 5 20% (1) 156 BE 4 | fAR) 75
15% Wy thont IR (] R 5 ARk ) e
Xof BERDEF H A S04 0 G 20 ot 2 R L 2 R (TR PR
RIEIRAL) , i 2 3K 5 5 1% B — 300 K7, 38
175 mg/kg M M (25 HBGA ) , S Rl 48 fin i 2
AR R 2R 175 mg/kg 3 M (2R + &
FITGA) , BChl a5 455 B A RE I fnpkl . At st
BRI L 60 H i, He B (£ 1) B A
2], &R AN 500 me/kg Y,0, AE R IMNEFE R
o FIFISFFBYENLR R EAR 1.2 mm (3THE
WORL AR (RS 85 C £5 °C), T 95 CHt
P E 2k 20 min, KT 2 K50 & 28T 10%
HERAER

T 2R R 2R 1 ) AR HE A )| 245 M0 ey
ARRA R AL A RCE =50 50% (39% .
FIRERT b 24 o AGLT5, i in%= K JEFO 475 57
o al R, A A T I A M 22 S R R
g, LA 55 v A T I P, 8 DR RN AUk e A
79.3% F1 67.5% B %1
1.2 IR RIAFER

JSUGRIEEXT IR 5 0 V195 e 38 5 B
FEK P& P R AT A0 7, B RS  RRE (TR M
T R DR FR 2 B AR 77, T 44 < IR R, R
¥ :20 kg M 1S =40% ) . IERRIHT 24 h
15 LB, P AR IS /N 4 57 1 R R 1000
Je (MR IR 2020 2. 96 ) , BHLIT L] 20 1
MA(1.0mx1.0 mx1.2 m),H /4% 50 &,
Rt s S M, B4 MERE (W
) o FREAIN], B H R AR 3% ~
8% (HI R MR, J5 AR , 4 4 KRR (6:00,
12:00,17:00 F123:00) , F. #4555 2 &=
T0% o FR AR Y #E £ 15 D0 F0 R S D0 B i
A ELRE IR S o 45 O AR 1500 o AR — 3, IR
PRIDEHERR MRS 2 h NHICR B 58 s B IR R, R
T R 30 W b VG B T B 2, g ] R T — IR, R

154K 173, B ], K 22 ~ 30 °C (4R
0.5~1.0. %% =5.6 mg/L,pH 7.8 ~8.5, A A
<0.2 mg/L, WAERtE <0. 1 mg/L, faFRikum it
Rz 42 d, FRARK T LV K 2E I g AR A
I LT o
1.3 #EFEWRE

RIGTFLG 3 JHG , MRS 2 h, BT IR
BE LSRR ZE T B0 T, -20 CIUKEE
HORAE , RO JE B3R A S S, 105 °C T %
BT -20 CokFE T, T EFRY N LR
Mro
1.4 HRXE

FRERITT it , BEALEHR 60 X HRF - 20
C KA P ARAE, Horp 10 RBAR A — A FEAS,
FHHAREAR AL /3 20T o R0 45 AT 24 h {5 1k 4%
W AR BEDLPRE 4 RBEF, AR T -20 C ik
F, T A URAR 5 434 5 B AR 55 B9 R AR
(3 BAN—REA) BULIFENE, -20 C¥RAT,
N AF DT AL B 1 5 79 48 PR AR 10 2 AR,
1 mL 7525 M FELC 5 ef BRI 3k EX 3, 3 000 v/
min Z.0 10 min J5HEHRT -80 CLRAFRH,
DA 5 AR S A AR B o
1.5 WEERSFHZE
1.5.1 ARk

IR ZE R 24 h 45 R, RS AR R AT
FRIE I 90 sk B AL T B AF 16 % (Sy) V3 R
(We) JAELREU(Fop) EEATRACR (Py) JEH
JUTRREE (P ) TR VTR (L )

Sx(% ) =N/N, %100 (1)
b N, W ERICR RGN, SRR R

We (%) = (Fy —Iy) /Iy x 100 (2)
K Fy RSBt (g) 51y AR (g) o

Fp=F/(Fy -1y) (3)
A F O .

PEH<%):<FW _[W>/M (4)

A M R ERE,
Prp (%) = (Fy x Wy = Iy x Wy )/ (F %
F.) x100 (5)
fﬁ*%wﬂﬁkﬁ%*ﬂ%ﬁé‘%( %) ;Wl(:Pﬂ‘j%ﬂé
IMHE R & (%) s F R E (g) 5 Fop A TR
MEHEE(%) .
Lig (%) = (Fy x Wy = Iy x Wy )/ (F x
F..) x100 (6)

http: //www. shhydxxb. com



882 (SR (T E NI S S 1 26 45

I Woo AR IR 5 35 15 W R0 RS Fo A RPUIR D5 &5 2

F1 AREARERMERKE (RTFER)

Tab.1 Composition and nutrient levels of the experimental diets ( air dry basis) %0
TEXT B8 X IR AEERA HAMEH IR + A
J5 Rl Ingredients Positive Negative Amino acid Protease Amino acid +
control (PC) control (NC) diet (AA) diet (Pr) Protease ( AA +Pr)
i} Fish meal 20.00 15.00 15.00 15.00 15.00
164K Peanut meal 12.00 12.00 12.00 12.00 12.00
KA} Wheat middlings 25.45 21.80 21.66 21.7825 21.6425
M1 Soybean meal 18.00 26.30 26.30 26.30 26.30
B ¥ Meat and bone meal 6.00 6.00 6.00 6.00 6.00
fift 2185 Squid visceral meal 5.00 5.00 5.00 5.00 5.00
NP i £ Brewers dried yeast 4.00 4.00 4.00 4.00 4.00
KRG WiNE Soyabean lecithin 1.50 1.50 1.50 1.50 1.50
i1 yi] Fish oil 2.00 2.35 2.35 2.35 2.35
BiIR — %45 Ca(H,P0,), 2.00 2.00 2.00 2.0 2.0
A ZWHEE Vitamin premix! 1.00 1.00 1.00 1.00 1.00
WY R Mineral premix 2 0.50 0.50 0.50 0.50 0.50
S 4LHEAE Choline chloride (50% ) 0.50 0.50 0.50 0.50 0.50
=44k "4 Y, 04 0.05 0.05 0.05 0.05 0.05
§Z1E 1 Bentonite 2.00 2.00 2.00 2.00 2.00
HE A Protease 0.0175 0.0175
IR 2 B2 Coated Methionine 0.09 0.09
TR R R Coated Lysine 0.05 0.05
431 Total 100 100 100 100 100
B FE /K Proximate analyses
FFEHE Crude protein 36.74 36.02 35.85 35.41 35.68
FNENF Crude fat 9.20 9.00 8.92 8.79 8.46
JK 43 Moisture 8.71 8.36 8.49 8.51 8.07
W% % Lysine® 2.17 2.15 2.17 2.15 2.17
HE 5% Methionine 0.68 0.64 0.68 0.64 0.68
5 AAE Calculated gross energy/ (kJ/g) 16. 68 16.73 16.72 16.73 16.71

) BT g ZHIRENS A .V, 4 000 000IU, Vi) 2 000 0001U, V30 g, V(30 g, Vi, 5 g,V 15 g, 4i4E K C BEIRES 140 ¢ (35 %
Vo), MR 40 g, BRFREYS 25 g, 443K Be 8 g, Vi 0.02 g, HEA R H0.08 g, JLAF 150 g5 2) i T e Wy BT BUR AL 472 Ca
(H,PO,), 600 g, KCr(S0O,), 0.55 g, CuCO; 0.30 g, FeCsH;0, 10 g, MgO 30 g, MnSO,4 3.5 g, C4HsK;0, + H,0 220 g, KI 0.02 g,
K,80, 52 g, NaCl 74 g, Na,Se0; 0.02 g, ZnCO; 3.0 g; 3) kbR A 2B & 5 4 2012 4£55 23 hitrp [ il eb i o S AN (R T 57
th

Note: 1) One kilogram of vitamin premix contained: vitamin A 4 000 000 IU, vitamin D 2 000 000 IU, tocopherol acetate 30 g, menadione 10 g,
thiamine 5.0 g, riboflavin 15 g, Vitamin C phosphate 140 g (35 % available V) , nicotinic acid 40 g, Ca pantothenate 25 g, pyridoxine 8 g,
vitamin By, 0.02 g, biotin 0.08 g, inositol 150 g; 2) One kilogram of mineral premix contained: Ca( H,PO, ), 600 g, KCr(SO,), 0.55 g,
CuC0; 0.30 g, FeCyH50, 10 g, MgO 30 g, MnSO, 3.5 g, C4HsK;0,. H,0 220 g, KI0.02 g, K,S0O, 52 g, NaCl 74 g, Na,Se0; 0.02 g,
ZnCO;5 3.0 g; 3) The content of Lysine and Methionine of diets were calculated based on the Tables of feed composition and nutritive values in

China (2012, 231d edition)

1.5.2 ekl 0 ARG 0R & 7 JRFTEAAR (A, Apce) , WTF
Xt AR B ARDRHRE il B o A >R I B s E D7 Appu (%) =100 x (1 =Dy/Fy) (7)

o KRR fE 105 C P EESR Xd Dy BB E R (%) s Fy TR
TE s HLE 5 R A Sl RE R ( 2300- (%) o

Auto-analyzer, Foss Tecator, Sweden ) Jl| 52 ; ¥ g i Apep (%) =100 x [1 = (Dy x Fe, )/ (Fy x
SRR PRI A R E(E 550 Do) ] (%)

CHfEydbe 12 h jgiifs, memZefig, P MM ER S5 (%) ; Do, R
TCER IR T3 B 1A & SO v (1CP) HEHEE (%),

( Vista MPX, Varian, Alo Alto, California, 1.5.3  AFFEAE M AL BTG

America) , TEMCEERY F, 23 335 T 9 B A B W4 I TR RE S DA =20 °C uKAG TP B 4 °C i
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7R, 219, 3000 r/min B0 15 min, B350 e TH
FRBEEIG PR 26 S B 0 A2 SR A A B 1 o
HEEMEHAALE X (U/mg): 1 mg HEUEHAE 40
C.pH 9.8 %/, 1 min KIFEREZEFE 1 pg B
BIRE LR — AT 3 5 . TR T TS g )
SR RS A A R R e e R S S (U
g) :7E 37 C M, M 4UE A TEAR R VAR R
H SR RN 1 min, BEEAE 1 umol JIEYI N —A>
T TE6 3 B o R T 0 A R FH et A
R G . TR L (U/g) B LU E
£ 37 C S5IEWER 30 min, /K% 10 mg JE R &
SCR 1A VE R RS J7 A7 o VR TV B R
FHZ5 Ty 24 0 s 700 08 F 1t e s 2 4
R o
1.6 HIELIE

BH b P 55 43 BT R A SPSS 17.0 Sy Hr i ik

11 ANOVA A 7J5 253 Hr il Duncan’ s ZH A
%, LA P <0.05 1022 55w & M Wrhn i o

2 4k

2.1 AKEsE

1€ 2 ] D0, 1 BR A EL A o e 3 R I
T R A, AR AR TRDRE ( fox IR ) 1 5 R i
%, kL R B R (P <0.05) o FEAR B 1AL
NI S LR B B , A B8 o 1 T SRR
R R B H (P >0.05) , H 43T i xf B4
7K (P > 0. 05) 5 ZEAIK Ry A ek v [ B 45 o
e G LR AN ER (5, 8¢ 000F BRZ MR 44 348 o %4
B 11.5% 5k REUEAE 0. 18 (P <0.05) , 153
FEXT AL —BUW KT #5050 41 e 77 78 5
IR KT 95% , AR E %7 (P >
0.05) .

x2 ARRRNEEBRINE QB L AEI IR E KRS0
Tab.2 Effects of coated amino acids and protease supplementation in low fish meal diets on
growth performance of white shrimp

205 Groups WY/ g Iy Kkt /g Fy HER/ % Weg TR REU Fog G2/ % Sy
IEXTRE PC 2.96 +0.02 16.84 +0.69° 446.8 +18.6° 1.36 +0.06" 99.0+1.1
HxfHE NC 2.96 +0.02 14.93 +0.34" 394.6 +26.5" 1.56 +0.02" 96.5+3.0
FITRA AA 2.96 £0.01 15.63 £0.79* 413.3 £16. 8™ 1.52 +0.07 98.5+1.9
E A4 Pr 2.96 +0.01 15.85 +0.36% 428.5 +36.7" 1.50 £0.13% 96.0 £3.2
ﬁgﬁi;;ﬁfwﬂ 2.96 +0.01 16.57 0.31° 440.4 +18.7° 1.38 +0.06° 98.5+1.9

T AR A FR/NG FhE, FoR 2R B3 (P<0.05), £4.5 [

Note:In the same column, values with different superscripts mean significantly different( P <0.05). The same in tab.4 .5

2.2 IR
H1 3 Al L, A 41 2 Rk 7> A O

W MUK ¥ 025 22 5 (P >0.05) .

£33 ARPRMEERRE BB N0 R R H R 70

Tab.3 Effects of coated amino acids and protease supplementation in low fish meal diets on

whole-body composition of white shrimp

25| Groups K43/ % Moisture

M1/ % Crude protein

HNGH;/ % Crude lipid HIKS/ % Ash

IEXTER PC 75.35+1.08 18.55 +0.98 2.61 £0.27 2.79 £0.06
ot g NC 75.01 £1.38 18.62 1. 12 2.70 +£0.29 2.85+0.20
TR AA 74.25 +0.95 19.05 0. 84 2.59+0.43 2.88 £0.08
ARG Pr 75.88 +1.87 18.51 +0.96 2.27 £0.36 2.86 +0.09
SR + BB ABELL AA + Pr 74.79 £0.21 18.46 +1.04 2.66 +0.32 2.85 £0.08

2.3 EFYMIRFMAE

H1ZE 4 W] UL, AR AR08 21 19 2 L BACR  E H
JRUUBLR W 00H AL A 5 A R e Xt
ML B FRAIR (P <0.05) s SR AR A EL, BT

FURLIR A PR AR R URCR A T T AR
(P >0.05) ; RIIE 16, 2540 i T 76 [Tk
H(P<0.05) , F e E AU TYH A
RN R RS (P >0.05) ; 2608 a8} i
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BRI IR + HE MR, RCR ]
JRUUBLER BRI 50 TR AR A 4
BERE (P <0.05) , ik 2 5 IE X R FA—

FH Ko 25 4LAE R B DO B TG 8 2% 22 5
(P>0.05),

x4 ARDHFNEEBRNEQBNERWRRWHELERHIZM
Tab.4 Effects of coated amino acids and protease supplementation in low fish
meal diets on apparent digestibility of nutrients of white shrimp

13 Groups %Eﬁi%&%/% EATURS RS THiH LS BEEUHELE

PER /% PRR /% LRR /% ADCD /% ADCP
IEXTHR PC 2.07 +0.05° 37.39 +0.78° 23.38 +0.37 72.46 +1.32° 86.63 +0.85"
fuf e NC 1.89 0. 12" 34.24 £1.56" 22.89 +0.30 68.40 +1.23" 84.12 +0.90"
SHEFRYL AA 1.94 £0.04% 36.46 +0.48% 20.92 +0.12 69.14 +1.09" 83.73 +0.79"
AL Pr 2.05 +0.06" 36.52 +0.13% 20.04 +1.81 71.86 £0.79% 84.64 +0.59
FILR + BG4 AA+Pr 2,05 £0.05° 37.72 +1.64° 23.71+1.02 72.23 +1.14% 85.93 +0. 68"

2.4 RFRRBRELERE

HIZ% 5 AL, AR A fB0Bs Gl o 5 n 2 1
RS + A NS, BN AR s PR AR
B & T (P <0.05) , {H Bl 45 0 42 2 0

JTPIBR R A B WS G 2 R (P > 0.05) o 4%
TG 28 A T IR PR 075 88 9 % 1P G = % e
(P>0.05),

x5 ARRRINEEREINE QB LR R E A BT

Tab.5 Effects of coated amino acids and protease supplementation in low fish meal diets on

activities of digestive enzymes in hepatopancreas of white shrimp

245 Groups HHEHF/ (U/mg) Protease

A i/ (U/g) Lipase VERYEE/ (U/g) Amylase

1EXT R PC 159.3 +4.2° 288.4 +48.9 956.0 +128.3
Hux IR NG 122.0 +10.6" 325.2 £69. 1 1214.8 +144.4
FILERAL AA 126.4 +13.2" 268.5 +98.7 1043.6 £34.6
AL Pr 150.6 +17.8° 292.4 +62.7 1143.0 +49.9
SRR + G AA + Pr 157.6 +1.3* 249.4 +55.2 1113.6 £76.0
3 e WEPE R TG R, BRAIG T AR R R TS 0
N Te . . N )
IR IEIR N A K AR 2 B . 7 H AR %
ARIG AR (15% ta k) (9 FLANIERT  RPEREDT | L i X 0F | % 1K 3 BF ( Macrobrachium
U3 TR T R AL (20% fK) ) TR 11.7% 4 rosenbergii) ™' BIBFFE Hb , FRDEF b b 78 132 2 JE IR

KRBT 0.20(P <0.05,%2) , FRFR S E
%3 AU 5% k)5, S BURDE E AR 0
e EAEMR S R R (R 1) FIE SR AR
TRE(ER 4) A 5%, o nl e IE 8] 1 2 1) 1 B
FHT AR DD T T 1R R
77 TH A B AR A B ) R

FEXS R AR TE i R R R R, R Z BT 5T
PO T A R AR R AR B e
HFZ 5 2 R R IR 5 B AR AR WL
ANTR] A1 R S TR AE K T 1 I R R A
O A R DR FE 2 SR , 8 SR FH o
AR R LIME ZEdm R v B A B L-
KRR IR W IR T 0. 95 ¢ BUBETY X AR 8 JH
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TRDAE b T8 o R R BRI AR
ARPERE , (ER IK B 2 3 AOR , Rl RE S A RHB
A7 TR R AW A ARk F18) A DA R R R 1) A5 R A
Ko BON AEANTE T BIARR EAMRG , 1] BELAT
TEHAB PRV R FE TR, R T RDRHOR 1 4 4% 5
ASERH REERR AU N, I B s T R
FUBIHALAR (3 4) , PR IRER G I 1k o B A 2
(R S) X BERE ZALFEDEL Y Al AL IR o 5
HRIRAR T IEH b iR CIEXS BRZH) |, il SRR 4
XPER AR PR RE R st A

FEZK PR ek s N 2 9, R 22 B 7 Ak
SRS FR Y A A B s
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TEGRHRI VR R b, 25 T RE % 6 1)) 2 Ak )
—RE KRR R AT e P T R A S AL
fifXE ATH AR 40+ 25 1, B ikl v i &8 4Bt
ERAT R RIS A S A L g
TEAR AR R RSN 175 mg/kg 25 1) MR LA
BEXTHRAER (3.3 )56 d, $ mig R 11. 3% | [&
AR R %L 0. 12 (P <0.05) |, JH- iR 28 3 i 0 7
Wi FE AR, 7B B ( Oreochromis spp. ) ™ L
i B AR Carassius auratus gibelio) 0T A
W, WA R ERIE, L& e SRl
3% 11 % HE B ORI R S 0 A e, S AR
TR T A RO B O A AR o i
9% SO )R R TR I AR T I 00T Ak 3G
FRW o AR TR R R TR A SR R AR S
TERCME B 1 RS B SR R T i LR
EESUNEE T /= i 7o e SRR
TR F N IE X B B AR —E K (P >0.05) o i
L RVE P K 5 305 5 1RURE Y Bk AN
BIAKA &, W5 sh YRR B B, BL &
T EA K,

ARG o, FEAR FOR DR} r Ay S kb S
G AE R, BAEBUE o T LN X IF
AR AERE , (ARG B 7K o B 38 W] i 4h 52
J& , FLANIE T IR 3 4 8 11, 6% , f A} 3R B
0. 18 (P <0.05) , MR A K 1 BE 15 5] W 2 2k
o AR TEAR fk UL R b TR e R
PR R R LAl L VSN 175 mg/kg £ [ il i) PR
IR R A (35.0 £0.2) g (155 F LAY, 3%
e TE YR R e T kA KRR
Tl 1) AN 2 B R A D, BR R & T B SR AL
B P TR R S R R A R, X 2 TR IS AR
EHME, BRIRER KT G, R EEN—FE
TR

TEARFARIET FEARB & 15% 1 )L
TR MR rp AR D 78 SO0 mgy/ kg 20 81 24 IR
900 mg/kg T HEE 2R, 5% 175 mg/kg &K [ E, Xt
IR A PR RE A RDSHFI TG I 2552 M, (EL [ B b
7t 500 mg/kg T i A2 . 900 mg/ kg i I 2
BRAN 175 me/kg #5 F, W] 52 42 5 8 72 ) o Al
FHZ WeE FLAN X IR AR KPR

SE
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Effects of coated amino acids and protease supplementation in low fish meal
diets on growth, nutrient utilization and digestive enzyme activities of white
shrimp

YAO Wenxiang', LI Xiaogin', CHEN Jia'nan', XU Huaibing', LENG Xiangjun'*”

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Centre for Research on Environmental Ecology and Fish Nutrition (CREEFN) of the Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and
Breeding , Shanghai Ocean University, Shanghai 201306, China)

Abstract; This experiment was conducted to evaluate the effects of coated amino acids and exogenous protease
supplementation in low fish meal diet on growth, nutrient utilization and digestive enzyme activities of white
shrimp ( Litopenaeus vannamet). A high fish meal diet ( containing 20% fish meal) and a low fish meal diet
( containing 15% fish meal) were designed as the positive and negative control diets respectively, and coated
lysine (500 mg/kg), coated methionine (900 mg/kg) (CAA) and 175 mg/kg exogenous protease were
supplemented in negative diet solely or combinedly to form another three experimental diets. The five
isonitrogenous and isoenergetic diets were fed to white shrimp with an initial body weight of 2. 96 ¢ for 42
days. The positive group showed the highest weight gain (WG) and the lowest feed conversion ratio (FCR) ,
and the negative group had the lowest WG and the highest FCR among all groups. The supplementation of
coated amino acids or protease tended to improve WR, and decrease FCR( P >0. 05) when compared to the
negative control. The combined supplementation of coated amino acids and protease improved WR by
11.5% , decreased FCR by 0. 18 (P <0.05) , and significantly promoted protein retention and digestibility of
dry matter and crude protein (P <0.05). There were no significant differences in moisture, crude protein,
crude lipid and ash contents of whole body among groups (P >0.05), and all groups showed no significant
differences in lipid retention and activities of lipase and amylase in hepatopancreas (P >0.05). The above
results showed that the supplementation of 500 mg/kg coated lysine, 900 mg/kg coated methionine or 175
mg/kg protease in a low fish meal diet (15% fish meal) did not significantly influence the growth, but the
combined supplementation of coated amino acids and protease significantly improved the growth and nutrients
utilization of white shrimp.

Key words: white shrimp; coated amino acids; protease; growth performance; nutrient utilization; digestive

enzyme activities

http: //www. shhydxxb. com



