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8.0—8.4.

14 HEXE

FEHE RS S5 R 5, A AR R AR L, PR Rl
5 #f P B2 52 24h . 7E 1M J5 30min, F 48 TLA ikt
FIP (W B 1 LELEER: 50 mmolAF I ER4k+10 mmol
EDTA -Na,+Z& 18 7K)IERE 5 11 mLiES &%, AERIT
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R o 0 2 TR R € 2 R B FH 4 mol/L NaOHK fig i
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Tab. 1  Ingredients and composition of experimental diets (on an as fed basis) (g/kg)

1Ak K Ingredient DI D2 D3 D4 D5 D6 D7 D8 D9 DI0O DIl D12
1%} Fish meal' 380.0 0.0 0.0 0.0 0.0 0.0 2850 0.0 0.0 0.0 0.0 0.0
T HiSoybean meal 200.0  200.0 200.0 200.0 200.0 2000 1500 150.0 150.0 150.0 150.0  150.0

HF 3oy Shrimp head meal  100.0  100.0  100.0  100.0 100.0 1000 750 750 750 750 750  75.0

ERPSEAY
f;;{ﬁp"“l“yby'l’“’d““ 0.0 397.0 397.0 397.0 397.0 397.0 0.0 297.0 297.0 297.0 297.0 297.0

T KR Corn starch 186.6 186.6 186.6 186.6 186.6 186.6 3493 3493 3493 3493 3493 3493

e y .
A 4ER Crystalline 145 39 206 83 165 00 108 251 157 64 126 00

cellulose

f31h Fish oil 21.7 4.0 4.0 4.0 4.0 40 272 141 141 141 141 141
T.if1Soybean oil 21.7 4.0 4.0 4.0 4.0 40 272 141 141 141 141 141
U5 Lecithin 200 200 200 200 200 200 200 200 200 200 200  20.0
S {LJEFHCholine chloride 2.5 2.5 2.5 2.5 2.5 25 2.5 2.5 2.5 2.5 2.5 2.5
JiE [# % Cholesterol 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
ﬁjﬁiﬁﬁ%‘wimmm 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
r%j:f?%ﬁm“eral 20 20 20 20 20 20 20 20 20 20 20 20

iR 445 Ca(,PO,), 150 150 150 150 150 150 150 150 150 150 150  15.0
WFERNSodium alginate 200 200 200 200 200 200 200 200 200 200 200  20.0
Y7 %C Vitamin C 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

p NESRTAS s
jﬁffﬁhﬁ)wpregelat‘med 100 100 100 100 100 100 100 100 100 100 100  10.0

=] = 2y .
A Z LR Crystalline 0.0 00 123 00 164 0.0 0.0 0.0 9.4 00 125 0.0
amino acids (CAA)

BEALIIR OB RERRAA 06 00 00 246 00 329 00 00 00 187 00 251
coated with hardened fat

“ritTotal 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
At Z:2H 3 Proximate

composition

F¥) i Dry matter 911.5 9107 9137 9082 917.6 9153 9192 9085 9112 907.4 9148 904.7
FI7E 4 fiCrude protein 4032 402.5 4041 4052 406.6 404.1 321.0 3225 3249 3228 3256 3253
#HL i W5 Crude lipid 757 769 793 944 769 89 780  79.1 775 902  80.1 92.3
HK 53 Ash 790 769 724 789 754 771 667 675 673 648 662  64.5

¥E: 1. HAE Tecnologica de Alimentos S.AA Fl &4k, REg, M A A & 569.6%, AR A MK M.23; 2. 113 E Griffin
Industries Inc./A & $2 i, W, FLE H 5 566.7%, RILFR A NEES; 3. HA R TR ST i (452 KA 10 mg, 44
D 10 mg, 4i4: K C 1000 mg, 4E2E HK 40 mg, 4E2EKE 500 mg, 4i4: KB, 60 mg, 4E2E % B, 70 mg, 4i4: £ Bs 80 mg, i &K
By, 0.4 mg, MHEZ 200 mg, 2 BR4S 200 mg, ZE¥ZK 2 mg, WUEE 500 mg, MR 8 mg, XF &I H ERHN 90 mg, £F4E K 17229.6 mg; 4.
B R TR SR T v G R R RR — 2085 20000 m, BERR — S8 5000 mg, IR — %8 8000 mg, FLERFS 5000 mg, S L4
1000 mg, & AL4N 1000 mg, HRERE: 6000 mg, A7 15 R E: 800 mg, BRARH 24 mg, BRIREE 190 mg, BRREE 100 mg, BREREY 50 mg,
PALST 8 mg, WARRREN 2 mg, BRARES 25 mg, £F4E % 12801 mg; 5. Hi FHGRERG L) TR A PR A AR L (4 >98.5%); 6. 4k i
Mg T BREEERR=L 1. SRR ERAEEL G O A IR S AR T K 2

Note: 1. Obtained from Tecnoldgica de Alimentos S.A, Peru, Special grade, crude protein 69.6%. Fish meal amino acid
compositions were shown in Tab. 3; 2. obtained from Griffin Industries Inc., America, Pets grade, crude protein 66.7%. Poultry by-
product meal amino acid compositions were shown in Tab. 3; 3.Vitamin premix supplied the following per kg of diets: VA 10 mg,
VD 10 mg, VC 1000 mg, VK 40 mg, VE 500 mg, VB, 60 mg, VB, 70 mg, VB¢ 80 mg, VB, 0.4 mg, nicotinic acid 200 mg, calcium
pantothenate 200 mg, biotin 2 mg, inositol 500 mg, folic acid 8 mg, para-aminobenzoic acid sodium salt 90 mg, cellulose 17229.6 mg.
4. Mineral premix supplied the following per kg of diets: Ca(H,PO,),"H,0 20000 mg, NaH,PO,-2H,0 5000 mg, KH,PO, 8000 mg,
calcium lactate 5000 mg, KC1 1000 mg, NaCl 1000 mg, MgSO,-7H,0 6000 mg, ferric citrate 800 mg, CuSO,-5H,0 24 mg,
ZnSO, 7H,0 190 mg, MnSO,-4H,0 100 mg, CoSO,-7H,0 50 mg, KI 8 mg, Na,SeO; 2 mg, Al(SO,); 18H,0 25 mg, cellulose
12801 mg; 5. obtained from Geneary Biotech Co., Ltd, shanghai, China (Purity >98.5%); 6. Hardened lipid: crystalline amino
acid=1 : [; Crystalline amino acid and amino acids coated with hardened lipid mix compositions were shown in Tab. 2
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Tab.2 Composition of crystalline amino acid and hardened lipid coated amino acids mix (on an as fed basis) (g/kg)

AEHBAA D3 D4 D5 D6 D9 D10 D11 D12
W TFRAFEREAA
T E L Thr 0.92 0.92 0.92 0.92 0.71 0.71 0.71 0.71
HiE i Val 0.64 0.64 0.64 0.64 0.50 0.50 0.50 0.50
EH R Met 1.99 1.99 1.99 1.99 1.50 1.50 1.50 1.50
e Rle 1.14 1.14 1.14 1.14 0.87 0.87 0.87 0.87
SR Leu 1.02 1.02 1.02 1.02 0.79 0.79 0.79 0.79
2 & Phe 0.18 0.18 0.18 0.18 0.15 0.15 0.15 0.15
41 % 2 His 2.31 231 231 231 1.74 1.74 1.74 1.74
M Lys 3.46 3.46 3.46 3.46 2.62 2.62 2.62 2.62
05 R Trp 0.63 0.63 0.63 0.63 0.47 0.47 0.47 0.47
e T IR
NEAA
KA W% Asp 0.00 0.00 1.82 1.82 0.00 0.00 1.40 1.40
B & B Tyr 0.00 0.00 0.32 0.32 0.00 0.00 0.25 0.25
[ R Tau 0.00 0.00 2.02 2.02 0.00 0.00 1.52 1.52

®3 FEREERIERTEM)(%)

Tab.3  Amino acid profile of protein source used in the

experiment (on an as fed basis) (%)

AER ¥y S PR

Amino acid Fish meal Poultry by-product meal
WREEFEEAA
FEBR Thr 2.50 2.16
AE M Val 2.77 2.49
ER K Met 2.07 1.48
S AR e 2.39 2.00
FEMLeu 427 3.83
KA Phe 2.46 231
H 5 2 His 1.83 1.17
HE FRLys 4.66 3.59
K& &R Arg 3.24 3.75
O Trp 0.52 0.34
e T E IR
NEAA
KA Asp 5.17 4.49
22 K Ser 223 237
HAMEGIu 7.14 6.96
[ & BRPro 2.09 322
HEM Gly 3.25 5.60
HaERAla 3.52 3.70
&R Cys 0.54 0.62
P& B Tyr 1.88 1.72
A IR Tau 0.70 0.16

L6 HELAR
4 5 2 (Weight gain rate, WGR)(%)=100x(S£5
280K 35 B SR W) 4 35 2R )/ S B W AT 4R 25 2

Hr 2 4E K K (Specific growth rate, SGR) (%/
d)=100x(InSLEG U 28 oK 35 - In LI UF ) 45 35 28 )/ 1]
MR

1Al 2 #(Feed conversion ratio, FCR)=5EL 4 i iE
AR/ (SRR AR B BE T I B R SRR AA ),

FE % (Survival rate, SR, %) =100x (5246 A HF
/R ),

£} H % 2 B [Feed intake, FI, mg/(J2/d)]=1%
ARk E/(SE I R 2R B < 1A TR R A,

B HYTH R (Protein deposition ratio, PDR, %)=
100 (S BN 24 R U Fx SEAR M A8 R AR B o 5 B —
SEEG WA 4R e B < SIS WR AR R R R S ') S
LIS PNE A=) 5sS s
1.7 #ESt

Fir A S8 2045 K FISPSS 17048 1H 4k AF 3t 47 5
F )7 2553 MT (one-way ANOVA)FI - [KI K Jj %4
Hr(two-way ANOVA), £ /b H 2 [AfF1E B3 7% 57
(P<0.05), N>} H Student-Newman-KeulsiZ: 1T % &
ECAL 73 A, SLB0 E5 s DA S5 (bR #E 22 (mean+SD) )
AR

2 R

2.1 KRR

FER STT N, FRDkHEE R K RS ) ) R R
Ab R (PR S R R Tl e AN MR R (18 0 7 20)
) 8 25 520 FLANEE X R A KPR RE . 5 32% 1A R
| A BRI B, 40% PR 5 K7 2 2 5 ot
R WGRAISGR(P<0.05), FEIKFCR(P<0.05), fE&F—
AMAkHE AFUKE T, kb H R A EAAZ FLANTE
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Tab.4  Amino acid profile of experimental diets (%)

D2

D3

D4

D5

D6

D7

D8

D9

D10

D11

DI2

JREERThr 1.43(3.55)
AR Val 1.58(3.92)
FEFMet 1.00(2.48)
AR

FRMLeu 2.60(6.45)
ENGENices
Tt R
Phe+Tyr
& His
WERLys

AR Arg 2.09(5.18)

flle 1.42(3.52)

2.72(6.75)

0.98(2.43)

2.73(6.77)

5 R Trp
A 5 Bk
FENEAA
REE

0.30(0.74)

3.20(7.94)

1.51(3.75)
4.88(12.10)
1.18(2.93)
2.11(5.23)
a 1.85(4.59)
AR Cys 0.33(0.82)
B8R Tyr

i Tau 0.25(0.62)

1.17(2.90)

EAA/NEAAS50/50

131(3.25)
1.46(3.63)
0.71(1.76)
1253.11)

2.44(6.06)

2.74(6.81)

0.72(1.79)
2.38(5.91)
2.31(5.74)

0.31(0.77)

3.03(7.53)

1.62(4.02)
4.90(12.17)
1.76(4.37)
3.23(8.02)
2.21(5.49)
0.34(0.84)
1.22(3.03)
0.11(0.27)

46/54

1.45(3.59)
1.61(3.98)
1.02(2.52)
1.37(3.39)

2.63(6.51)

2.70(6.68)

0.92(2.28)
2.73(6.67)
2.33(5.77)

0.35(0.87)

2.97(7.35)

1.61(3.98)
4.94(12.22)
1.74(4.31)
3.15(7.80)
2.17(5.37)
0.30(0.74)
1.15(2.85)
0.08(0.20)

49/51

1.48(3.65)
1.59(3.92)
0.91(2.25)
1.45(3.58)

2.65(6.54)

2.71(6.69)

0.95(2.34)
2.73(6.74)
2.27(5.60)

0.33(0.81)

3.02(7.45)

1.65(4.07)
4.87(12.02)
1.69(4.17)
3.17(7.82)
2.18(5.38)
0.27(0.67)
1.132.79)
0.13(0.32)
49/51

1.49(3.66)
1.64(4.03)
0.95(2.34)
1.43(3.52)

2.57(6.32)

2.66(6.54)

0.942.31)
2.73(6.71)
2.35(5.78)

0.29(0.71)

331(8.14)

1.59(3.91)

4.92(12.10) 4.91(12.15)

1.77(4.35)
3.24(7.97)
2.03(4.99)
0.35(0.86)
1.19(2.93)
0.27(0.66)

48/52

1.40(3.46)
1.55(3.84)
0.97(2.40)
1.38(3.41)

2.58(6.38)

2.74(6.78)

0.95(2.35)
2.73(6.76)
2.34(5.79)

0.36(0.89)

3.29(8.14)

1.57(3.89)

1.81(4.48)
3.22(7.97)
2.15(5.32)
0.37(0.92)
1.14(2.82)
0.23(0.57)

48/52

1.11(3.46)
1.28(3.99)
0.66(2.06)
1.00(3.12)

1.95(6.07)

2.07(6.45)

0.77(2.40)
1.93(6.01)
1.48(4.61)

0.20(0.62)

2.35(7.32)

1.21(3.77)
3.54(11.03)
0.91(2.83)
1.42(4.42)
1.44(4.49)
0.17(0.53)
0.88(2.74)
0.31(0.97)
51/49

0.96(2.98)
1.22(3.78)
0.55(1.71)
0.91(2.82)

1.81(5.61)

2.08(6.45)

0.58(1.80)
1.68(5.21)
1.67(5.18)

0.16(0.50)

2.11(6.54)

1.16(3.60)
3.63(11.26)
1.28(3.97)
2.08(6.45)
1.56(4.84)
0.22(0.68)
0.79(2.45)
0.08(0.25)
47/53

1.18(3.63)
1.25(3.85)
0.71(2.19)
1.10(3.39)

1.92(5.91)

2.11(6.49)

0.73(2.25)
2.02(6.22)
1.63(5.02)

0.25(0.77)

2.13(6.56)

1.23(3.79)
3.70(11.39)
1.19(3.66)
2.15(6.62)
1.53(4.71)
0.25(0.77)
0.82(2.52)
0.12(0.37)
50/50

1.13(3.50)
1.29(4.00)
0.72(2.23)
1.08(3.35)

2.07(6.41)

2.13(6.60)

0.80(2.48)
1.97(6.10)
1.71(5.30)

0.28(0.87)

2.22(6.88)

1.14(3.53)
3.66(11.34)
1.33(4.12)
2.04(6.32)
1.59(4.93)
0.21(0.65)
0.85(2.63)
0.15(0.46)
50/50

1.15(3.53)
1.30(3.99)
0.66(2.03)
1.05(3.22)

2.01(6.17)

2.04(6.27)

0.79(2.43)
1.97(6.05)
1.68(5.16)

0.23(0.71)

2.38(7.31)

1.15(3.53)
3.61(11.09)
1.31(4.02)
2.26(6.94)
1.60(4.91)
0.24(0.74)
0.89(2.73)
0.20(0.61)

49/51

1.07(3.29)
1.27(3.90)
0.73(2.24)
0.98(3.01)

1.90(5.84)

2.02(6.21)

0.772.37)
1.95(5.99)
1.73(5.32)

0.27(0.83)

2.32(7.13)

1.17(3.60)
3.71(11.40)
1.27(3.90)
2.17(6.67)
1.55(4.76)
0.20(0.61)
0.78(2.40)
0.16(0.49)
49/51

1.4(3.6)
1.5(3.4)°
0.9(2.2)°
1.32.7)

2.1(4.3)
2.7(1.7)

0.8(2.1)
2.0(5.3)
2.2(5.4)

0.3(0.7)"

V55 P RN BRI o AR AR R R B 1 ML R T A R R U B 2. MR T AkiyamaZs!; 3. % {E 5

FWilsonZ™; 4. %48 3T T F A

Note: Values in parentheses are expressed as the percentage of amino acid of dietary protein. 1. Recommended requirement for
shrimp; 2. Values are based on Akiyama (1992); 3. Values are based on Wilson (2003); 4. Values are based on Wang Yong-Li

(2013)

SR FIE) 8 25 w8 T 08 PR 41(P<0.05), Bt & R
HXUIFWGRMSGR 73 Wl W # " TCAAA
(P<0.05), (H LB EAAZL X MR WGR . % = T
EAA+EENEAAZL(P<0.05). 7£40%% H FKF
T, XHEHXEF WGR(903.0%) & 2% T H A %4
(P<0.05), (H27E32% B & A BKF T,
EAAZH FLYNIEXTHR WGR(769.0%) -5 Xt B8 2H X Ui
WGR(770.5%)JC & 3 14 22 5 (P>0.05), i WA XS ALK
B A AR R IR INEA AT ML IE X R A2 K
e HEAE AR T I 7R INEAAFINEAA, 761k
TR0 A0 5 B i R LU VR INC A A TE RE 1% B 5 b e 35 %o
WA KRR, DL, FEIRER B KT, FLANTE XTI
RE 0 A WU R FH MR TR . LAY ST UR A7 98 R
15 &40 1) I6 BB VE 2 5 (P>0.05) . FARHI R 5 K
SR ) 1) 28 R R T4 2 (A A7 A S 3 (A8 EAE
(P<0.05).

2.2 RS

532%1A R &E A FKFRI LG, 40%17R kB A i
K S5 38 B v FLAEE o W (6 A AR B 5 R K Sy
B8 (P<0.05), T FEARALNR 17 &% #(P<0.05). fEH&F—
AMARVE A UK R, AN INE TR e s 0 1
151 ML X A B 1 R TR #6(P<0.05), (H = FE PR
TSI 5 75 B8 AR Foft 712 3R TS5t L 490 ¥ St S S A e
I3V WE R (P>0.05) . TR A FUKF R
TR} G R R - M 2 1R A8 HLAE AN 235 (P>0.05)
(E 6)-
23 BHESERIBELER

BRI RF IR 7.
24 MFHFERELR

MR ST UL, TPk b B FLGNIE S IR 55 £ 30min
Ji 3R 57 B8 R L PR 2 R 4 35 (P<0.05) . {ERE—
AMARLVE A UK, A ET 0 A 4L, CAAZL R
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Tab.5 Growth performance of shrimp fed different experimental diets
T KT ,

Diety | AALEAL P cight Do MEE  ABIEKE  GRRM fEE AR

protein level AA treatment WGR (%) SGR (%/d) FCR SR (%) FI (mg/)E/d)

(2/kg) (® (®

400 DI(fiH) 0.30£0.00  2.99+0.04°  903.0+9.8°  4.12+0.02°  1.35:0.02°  75.67+5.13  65.09+0.36°
D2(RYPIHRY)  0.30£0.00  2.50+£0.03°  735.0+7.1°  3.79+0.02°  1.550.01°  71.00£3.46  60.87+0.41"
D3(#4E) 0.31+0.01  263+0.03°  759.0+12.9° 3.84+0.03°  1.48+0.02° 7433808  6121+1.05"
D4(THE) 0.30+0.00  2.91+0.03"  865.943.6'  4.05:0.01'  1.37+0.01'  76.67£11.93  63.5940.49°
D5(FHE+NE) 0.30£0.00  2.60+0.02°  774.2+9.4°  3.87+0.02"  1.48+0.03°  72.33+4.04  60.77+0.92"
D6(T#E+NE) 0.30+0.01 2.73£0.04°  818.5+14.2°  3.96+0.03° 1.44+0.02°  79.00+8.54  62.57+1.91°

320 D7(fak) 0.30+0.00  2.61+0.02°  770.5+10.2° 3.86+0.02"  1.51£0.02°  75.67+8.08  62.25+0.98"
DS(XG ¥  0.30+0.01 2.34+0.04"  683.5+12.4"  3.67+0.03" 1.62+0.01°  73.00£0.00  59.07+1.45
DI(HHE) 0.30+0.01  244+0.03%  721.2+123% 3.76+0.03°  1.60£0.02°  76.67£6.51  61.20+1.39"
DI0(FFE) 0.30+0.01 2.64+0.03°  769.043.5°  3.87+0.01  1.49+0.04°  75.33%6.80  62.20+1.83"
D11(54E+NE) 0.30+0.01 2.40+0.02°  707.0+17.6°  3.73+0.04°  1.62+0.01°  77.67+4.04  60.58+0.16"
DI2(REE+NE) 0.30£0.00  2.50+0.03°  737.6+12.5° 3.7940.03°  1.58+0.03%  78.00£10.15  62.14+0.58"

% 17K TProtein level (P)

400 2.73+0.18"  809.28+61.94" 3.94+0.12"  1.44+0.07"  74.82+6.88  62.35+0.18"

320 249+0.11  732.73+35.59" 3.78+0.08"  1.57£0.06°  76.11£5.97  61.24+0.16"

AEEMRALIE AA treatment (A)

Ry 2.80+0.21°  836.71%73.12° 3.99+0.14°  1.43+0.09°  75.56+6.20  63.67+0.17"

PETA Ry 24240097  709.27+29.61" 3,73£0.06°  1.59+0.04°  72.22£2.72  59.97+0.14"

fiE 2.53+0.11°  740.14+23.58" 3.8040.05"  1.54+0.07°  75.56+6.88  61.21+0.11""

WE 2.78+0.15"  821.22+49.01" 3.97+0.10°  1.43+0.07°  76.1138.80  62.90+0.14"

FHE+NE 2.50£0.11%  740.60+38.95" 3.80£0.08"  1.55+0.08"  75.00£4.60  60.68+0.06"

THE+NE 2.6240.13"  778.07+45.91% 3.88+0.09°  1.50+0.08"  78.34+837  62.36+0.13""

ANOVA (P-value)

B A UK

Protein level <0.001 <0.001 <0.001 <0.001 0.611 0.006

P)

AR AL

AA treatment <0.001 <0.001 <0.001 <0.001 0.762 <0.001

(A)

ZHAEH

Interaction <0.001 <0.001 <0.001 0.017 0.965 0.238

PxA

e FFET_EAR NG BOR S RN [F) %05 22 57 2. 35 (P<0.05)
Note: Data in the same column with different upper case or lower letters indicate significant difference (P<0.05)

IMERE R, 2R SRR & W 1 TH(P<0.05),
HEZEmS TR P<0.05). LiBRINFTEAAL R
EAA+NEAA, 34} S JE B2 2H X6 0 1) I 252 5% 5 4
P T A T CAAZH 4 T 1 [%(P<0.05).
25 RALASEER

FRAMGAER . R, HZERINILA
IR R IR T B M 2 (P>0.05) (% 9).

3 iTig
3.1 KR
AIRIG R W, TR A FUKE . AR E R

Mk AN IR B U7 2 B R S e LAl v
PO ) A AR R A 28 . B s AR B K
S B R AR HE LAl v 0T 0 B AR K ATEDRL R A, X S
Ye5P AT R TR — B, i Ak T
Az K B R L g ot 0 7 R A AR 1 KT
KR HARKTEE. AR RRY, Tt —EH
JRIKER, SR AR EA AL PLYRTEE S I 3% 6
B A T XY PR 4, X 5 ) b R BN AL
EAA{ZBETRDRLIE A . ARIR sl R IR, 7F
40% TR F UK T, -6 4 ML ghs e i 1) A
K35 B A T 0 2L RSP, T 75 32% Tk} A 1 B K
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Tab. 6 Whole-body composition and protein deposition ratio of shrimp fed different experimental diets (wet weight basis) (%)
A FUKP e (B K5y R FHAE W5 Ky AR
Dietary protein level (g/kg) AA treatment Moisture Crude protein  Crude lipid Ash PDR

400 DI1(H) 78.02+0.65°  17.37+0.11%  0.96+0.04' 3.2240.02" 32.15+0.46°
D2(¥ A #) 77.86£0.45%  17.64£0.30°  1.04+0.04" 3.27+0.02° 28.70+0.73"
D3({#E) 77.75¢0.30°  17.61£0.37°  1.02+0.04°  3.25+0.02° 29.9040.61"
D4(FE) 77.04£0.46°  17.86+0.11°  1.19£0.03°  3.26+0.03 32.68+0.20°
D5(F4E+NE) 77.73£027%  17.54+0.17°  1.01£0.07" 3.25+0.02 29.53+0.78™
D6(TEE+NE) 76.92+0.18"  17.52+0.16°  1.2240.06°  3.25+0.02° 30.48+0.77°

320 D7(f14%) 76.86:0.31°  16.670.37°  1.15£0.04°  3.17+0.02" 34.610.55"
D83 IH) 77.07£0.28% 16724040  1.12+0.04° 3.1940.03° 32.22+0.87°
DY(FHE) 76.91£0.35"  16.89+031°  1.13+0.03"  3.17+0.03" 32.72+0.38°
D10(H#E) 76.51+021"  16.83£0.36"  1.25+0.03°  3.18+0.02" 35.26+0.36"
D11(f:E+NE) 76.9240.39"  16.64+0.26"  1.16£0.02° 3.20+0.03" 31.77+0.48°
DI12(FHE+NE) 76.2540.25"  16.85+0.16"  1.27+0.04° 3.17+0.03" 32.9740.43°

B A1k FProtein level (P)

400 77.55£0.55"  17.59+024"  1.07+0.11"  3.25+0.02" 30.58+1.54"

320 76.75£0.39"  16.77+0.29"  1.18+0.07°  3.18+0.03" 33.26=1.36"

QLA AA treatment (A)

i 77.44+0.78"  17.02£0.45  1.06+0.10°  3.20£0.03 33.38+1.42"

PR 77.46+0.63°  17.18£0.49  1.08+0.06°  3.23+0.06 30.462.06"

fHE 77.33£0.45°  17.25£0.59  1.07£0.07°  3.21x0.04 31.31+1.61°

HE 76.77+0.54%  17.35£0.53  12240.09°  3.22%0.04 33.97+1.43"

FHE+NE 773240417 17.09£0.39  1.09+0.05°%  3.23%0.05 30.65+1.36"

THE+NE 76.59+0.43%  17.19+0.61  125+0.04"  3.2130.05 31.72+1.48"

ANOVA (P-value)

& 1 fi /K FProtein level (P) <0.001 <0.001 <0.001 <0.001 <0.001

TR I AA treatment (A) 0.001 0.404 <0.001 0.397 <0.001

%2 HAEH Interaction PxA 0.711 0.848 0.077 0.512 0.502

VE: T AR E BUNS FREA R R R 22 57 2 3 (P<0.05)

Note: Data in the same column with different upper case or lower letters indicate significant difference (P<0.05)

xR7 RBUESBHEEBREKPIIARE
Tab. 7  The leaching rate of crystal and coated amino acids (%)
= L
i\%%‘. Smin  10min  20min  40min
Amino acids
AR
. . . 73.5

Crystalline amino acids
fi 4y Mg LB
Amino acids coated with 4.1 28.4 40.3 56.4
hardened fat

SR, X AR+ L IR EA AL FLANIE TR (1 2 K BA
T HEB AR, K] R O A KPR
R I R KT, R EEAATKT, JE AR 2 MUK
TEXTER AR K TR SRR 4), PRLIGAR LG T 1 dal Rl
FUBR K, FEAR I PR B KCF T, FLgAEExT R
XL e TR T8 R A I R R R A A S e A R,
MR ER BN B3 A+ BB E A AZH XN
HIAEKIE R T SR 4K o PR R R - 17 A

& FR R EA A EE 5 H B L3 2 s ik
K ity P2 Gk NEAA R 5 &t 2> 50 5
YA, MambriniZEU s R, B4k
TR NEAA 5 2 2 R 1) L Ag) A B i 60%
GreenZ5" il , 4RI EAA/NEAA NS57/430F, 4T
B IRAT B R B UTR S BN B . AIRIR R, 7
f—RAFKT T, FLGsEXHiR i A K Ak R
YIS AR EAA/NEAA 2 AH A %, BRI MK 4l
(50/50)>3 UK+ L EA A ZH (49/51)> 38 ALK + 0.4k
EAA+ENEAAZ (48/52)>38 K 4H.(46/54), X i
B AT DA 3ok~ fhi el v R B R 2 R ) O SRS
JLGHEE K B () ) ) B 1 5 )R P 5, 3 A e o ek
Rz, T AT DA SEIIAE A 5 0 0 AR A R i
Y AR TR AR 2R B R A Y R A B
155 FH 4115 22 25 T e ST A DR ) R AR R 2L R, AR T
AN TR A8 B B IR 1 s 0 7 5Kt 2 5 e A0 R 3 R
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Tab. 8 Plasma free amino acid concentrations of shrimp fed different experimental diets (mg/100 mL)

IR

Amino D1 D2 D3 D4 D5 D7 D8 D9 D10 D11 D12
acids

DR IETEEAA

JFEBRThr 0.62£0.04” 0.59+0.13" 1.39+£0.03°  0.64+0.03° 1.26£0.06' 0.81+0.14% 0.47+0.11° 0.56£0.07" 1.22+0.06" 0.84+0.11° 1.23+0.12" 0.80+0.04"

ab

=
S Val 0.31£0.12°  0.45£0.09" 0.94+0.13 0.78+0.10°
&

fiZMet 0.82+0.05° 0.63+0.04° 1.44+0.06" 0.80+0.11" 1.47+0.11°

ab

FEHLeu 1.06+£0.06° 0.61£0.05" 1.44+0.08" 0.78+0.07°

EEEN be
. 0.63+0.05

AR His 1.49+0.12

ab

0.46+0.12"° 1.70+0.12°  0.84+0.12°

ab ab

1.48+0.04" 2.35+0.06' 1.85+0.07° 2.71+0.29°

ab

W R Lys 3.56+0.23° 2.64+£0.35° 5.91£0.38° 4.40£0.30° 6.11+0.45°
K i Arg 3.78£0.11  3.89£0.26 3.80+0.25 3.73x0.14  3.98+0.11

N

R Trp 0.96+0.04° 0.73£0.05" 1.89+0.03° 0.93+0.04"
AR b A FEFENEAA

REAR
Asp
225 [iSer 0.56+0.03" 1.54+0.30° 1.29+0.35%

>

0.29£0.06" 0.25+0.04" 0.32+£0.04" 0.35+0.07"

1.42+£0.20™ 1.49+0.14"

‘“’ZP‘

N7
% fPro 7.88£0.12 8.59+1.11 8.80+0.62 9.27+1.54  9.17+0.81
Ha
5K

ab

=
Z@T éiﬂ

AMACys 2.6550.24™ 3.63+0.31° 3.56£035° 3.60+0.33° 3.55+0.23°

BRI Tyr 0.50£0.07° 0.44+0.13" 0.44+£0.06" 0.42+0.07"

q:ﬁﬁﬁﬁTaul‘%iOAOS 1.4540.09® 1.38+0.18" 1.37+0.12° 2.47+0.09'

LIRS

)’Ll’&&

1.01+0.06"  0.79+0.10
0.78+0.06"
¢ 356017 3.53£0.07° 5.41:0.12% 4.50:040° 5812007 446£0.23°
1.50£0.09"  0.73+0.08"
1.65£0.09°  0.71x0.06
1.8040.03°

3.69+0.58°
3.96+0.23

1.90+0.09°  0.97+0.09"

1.77+0.07"  0.65+0.11°

1.58+0.24°
F2Glu 2.7540.18" 3.70+£0.28" 3.62+0.34° 3.53+0.52° 3.85+0.10° 3.64+0.27"
8.48+0.83

B2Gly 0.34£0.07° 0.63£0.09° 0.63+0.10° 0.57+0.12° 0.76£0.08° 0.68+0.15°

3.59+0.16°
1.15£0.12°  0.62+0.07"
1.8120.05°

cd cd

0.35£0.05" 0.31+0.04" 1.01£0.13" 0.60+0.04° 0.98+0.08° 0.58+0.09"

cd

0.61+0.08" 0.55+0.04" 1.38+0.05" 0.78+0.03" 1.27+0.04° 0.85+0.07"

cd

337+0.21° 336x0.12° 5.60+0.19° 4.52+0.24° 5.29+0.08° 4.32:+0.22°

ab be

0.59+£0.07" 0.53+0.04" 1.35£0.03° 0.72+0.02% 1.38+0.04" 0.64+0.06™

cd ab cd be cd

0.46+0.02"° 0.39£0.05"  0.73+0.10% 0.61£0.06 0.73+0.10" 0.58+0.05"

be

1.38+0.12° 1.38+0.04" 234+0.03° 1.72+0.14™ 2.45+0.08" 1.68+0.13"

3.2120.12% 2.38£0.09° 5.35+0.05" 4.51£0.27° 5.7240.55' 3.31x0.17
3574027 3534025 3.7940.18 3.65+0.18 3.43£0.15 3.65+0.09

ab

0.85+0.09" 0.71+0.12° 1.87+0.10° 0.91£0.12° 1.7740.07° 0.99+0.05°

0.22+0.04' 021£0.08" 0.26£0.01" 0.19£0.07° 1.65+0.09° 0.62+0.06"

be be be

0.3940.07° 1.32+0.06" 1.2140.27% 1.08+0.19 0.94+0.09° 1.24+0.29"
2.5940.23" 3.574034° 3.55£0.05" 3.46+0.25° 3.75+0.12° 3.66+0.09"

7.49+£0.49 8.50+0.79  8.94+0.60 8.02+0.48 8.94+0.09 7.98+0.52

0.28£0.04' 0.71£0.16° 0.75£0.16" 0.61+0.05° 0.62+0.15" 0.68+0.13"

(FRAla 9.55£0.43" 13.16£0.26" 12.63+0.27% 12.64+0.39" 12.48+0.46" 13.37+0.47" 9.16£0.18" 11.55+1.05" 11.17+0.64" 10.81+0.83° 10.93+0.77" 11.65+0.09"

2.40+0.24" 3.04£0.12° 334x0.51° 3.45:0.47° 3.72+0.16° 3.56£0.25°
0.43+0.05" 0.44:£0.10° 0.40+0.04° 0.45+0.09° 0.95+0.08" 0.87+0.11°

abe

1.62+0.04™ 1.46+0.12° 1.48+0.10° 1.69+0.08" 2.31£0.09" 1.64+0.07"

43.14+0.97" 48.41+1.18° 58.95+1.15" 52.43+0.82° 64.11£1.27° 53.13+2.15° 39.43+0.84" 44.50+2.09" 55.73+1.17° 48.43+0.52° 58.07+0.47" 49.31+0.93°

AT H T /NS AR FRR R 2 57 2.3 (P<0.05)

Note: Data in the same row with different letters indicate significant difference (P<0.05)

IR R Alam " Ml FHCA A ARAR KL Hh BT
AR E A S, HARZEXHR A KB 5T, SR
8T FH I B - B T B 11 S 2 1 5 AR ) o i
Fi% B 5, WPUR AR Kk 1) T XA K . X7k
iU VRgT 9 2 B, 7 B A0 ARDR o R o e R o L
AR R A EA TN A R . A
45 AR, EXS PRy B A AUOR 1 TR A R AL
TH TG A5 P 2 R R T ML 4RV R IR AR K X R A
BRI T HERMNCAA. RIRK FIREAALLE
i REAA+NEAAH LGRS IR A KA B B 2% 57
M B4 E A A ZH L 90 V5 0 IR (1 AR 50 S T 60 4
EAA+NEAAA, iX it BT B EAA/NEAA L 51 (B ]
R IE IR - i 1) 5 LGNSR A K 2 TR0 R %
Plo ERWFFRRE, BCAABEIT P AT 5, AEls
A R = K= B R AR A R S R T R Ak
Ko YR T K= SR CAARCRA 6 4 2
R IRE FEEA: (1) CAATEKTIBERER; (2)

CAA S #E ARA LR F %, 3) BT
CAATEK =Sk IS B, T K= S
A U 8 R R P o e e Y R R R 1 7 4 K
7= SN A 1) 0 8 A I P o A R 1 6 [
AR BT 22 A PR, R b e e i
T2 T B K 7= Zh A F T i B R R e e
1 At b 7557 S R T oA 4 B AR
AR R A R (I CA AR ™, T K 7= s it 1l
Jeb o C A AT FE 250 SRR BEAR g S5 R, B o Ak
SR AR F A AR TKBCAA
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Tab.9 Muscle amino acid contents of shrimp fed different experimental diets (mg/100 g)

Alfffids DI D2 D3 D4 D5 D6 D7 D8 D9 D10 DIl D12
BT EIEMEAA
JRE R Thr 245015 24130.09  243+0.12 237+0.16  2.41+0.07 2.48+0.18 2.31£0.08 236x0.05 231x0.13 235021 242+0.13  2.380.08
SiEERVal 3784026 3.66:0.23  4.06+0.15 3.95:0.39  3.84x0.38 3.94£0.40 3.50£0.05 3.74£036 3.70+0.48 336x0.17 3.79:039 3.81+0.37
EE FMet 1.61£0.21  1.77+027  1.80£0.12 1.73:0.10  1.74:0.09 1.77+0.09 1.69+0.14 1.77+0.12 1.81+0.16 1.76x0.08 1.80+0.09 2.02:0.15
SrrARlle 3.06£0.18  3.07+0.08  3.09£0.20 3.07+0.17  3.02+0.24 3.03£0.10 3.05:0.10 3.07£0.18 3.16x0.11 2.89+0.16 2.84x0.20 2.92+0.11
FE M Leu 536:020 5.07+0.17 554020 5474026  524%023 529+0.20 5.47+0.17 5.02:032 5.46x0.14 5.07:027 5.02:025 5.13x0.24
H 5 HiPhe 297+0.10 2.82£0.06 3.01£0.09 291£025 3.05:0.16 3.01£0.14 2.81+0.11 2.86x0.11 2.86+0.13 275:0.07 296+031 2.77+0.16
A His 1.26:0.07 127+0.15 1242002 130006 1.35£0.10 132+0.14 138+0.14 1.32£0.05 1.29£0.06 1.33x0.05 1.33x0.11 1.27+0.08
HUE B Lys 5.540.16 5.70:+0.16  5.58+0.10 5.80+0.19  6.00£0.24 5.89+0.19 5.97+0.25 5.61:022 598028 553:0.16 5.59:0.30  5.65:0.04
K& Wi Arg 577+0.18  6.10+0.55  5.67+0.26 538+0.35 5814038 5.28+0.37 5.65:0.09 5.66x0.11 5.54+0.16 546028 5.54x0.18  5.540.04
H R Tip 0.50£0.04 0.5130.05  0.40+0.05 0.43+0.10  0.46+0.08 0.42+0.04 0.43£0.05 043002 0.47+0.05 0.50:0.10 0.46x0.06 0.530.09
APl T EIERINEAA
RAZMAsp 6.5520.09 6.62+0.16  6.65+0.11  6.67+0.14  6.55+0.17 6.92+0.17 6.82+0.18 6.79£0.04 6.59+0.15 7.22+0.33  6.54+0.10  6.62+0.13
2L R Ser 2424004 248+0.11 225023 245:0.18  244%020 2.43£0.13 2.52+023 243:0.14 240+0.11 249:0.14 257+0.12  2.46+0.12
HEFRGlu 11.85£0.05 * 12.31x0.37 ** 12.77+0.22 ° 12.19+0.40 ** 11.66:0.27 * 12.71£0.33 * 11.70£0.16 * 12.750.14 " 12.670.16 " 12.59+0.13 * 12.47+0.02 ° 11.81x0.57
[ e Pro 2.59+0.12° 3.46+028° 2.68+0.21" 3.16+0.08" 2.63+0.11" 3.40:028° 2.71:0.14° 3.12+0.10™ 3.20+0.04 ™ 2.97+0.25 " 3.14+0.26  3.04+0.52 "
HHERGly 6.16£027° 5.51+024° 5.64+0.19° 5.52+0.14° 5.68+0.17° 5.69+0.03° 6.16£0.10° 5.65:0.08° 5.68+0.05° 5.71x0.10° 5.74x0.16" 5.67+0.12"
EAIND 4.86+0.14 4.99+0.11  527+0.11 517020 492022 5.19:+0.26 5.02:0.27 4.80+027 5.02£023 4.70£0.11 4.87:0.16 5.16x0.27
I Cys 0.46£0.09 0.39+0.06  036+0.04 0.47+0.06  0.53+0.05 0.44£0.05 0.35:0.05 0.49+0.10 0.45+0.06 0.47+0.10 0.41x0.06 0.370.07
B4R B Tyr 2412013 240+0.15  230+0.15 223+0.07  237+0.14 2.25£0.07 2.25:0.09 227020 2.170.01 220+0.04 229:0.17 2.15:0.10
AR Tau 043003 036x0.03  035:0.03 033x0.09  038£0.03 0.42£0.02 0.38£0.03 0.37:0.04 038:0.03 0.40:0.05 0.39:0.03  0.370.07
MEHER 70.03£0.30 70.80+0.51 71.10+1.08 70.60+0.84 70.07+1.57 71.79£0.26 70.17+0.84 70.50:0.80 71.130.54 69.41+0.44 70.16x0.54 69.68:0.81

: FATH S AR/ NE FREA R R R 2 57 8.3 (P<0.05)

Note: Data in the same row with different letters indicate significant difference (P<0.05)
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COMPLETE REPLACEMENT OF FISH MEAL BY POULTRY BY-PRODUCT
MEAL IN PRACTICAL DIETS SUPPLEMENTED WITH COATED AMINO
ACIDS FOR PACIFIC WHITE SHRIMP LITOPENAEUS VANNAMEI

LIN Jian-Wei', ZHANG Chun-Xiao"’, SUN Yun-Zhang"’, ZHAI Shao-Wei"’, SONG Kai"” and YE Ji-Dan"’

(1. Xiamen Key Laboratory for Feed Quality Testing and Safety Evaluation, Xiamen 361021, China; 2. Key Laboratory of Healthy
Mariculture for the East China Sea, Ministry of Agriculture, Xiamen 361021, China)

Abstract: A 2 x 6 factorial experiment with two levels of dietary protein (32% and 40%) and six amino acid (AA)
treatments were conducted to determine effects of complete replacement of fish meal (FM) with poultry by-product
meal (PBM) in diets on a basis of EAAs or EAA+NEAASs on the growth and body composition of Pacific white shrimp
over an 8-week feeding trial. Six AA-treated diets were formulated and expressed as diet FM (basal diet), diet PBM,
PBM+ crystalline EAA, diet PBM+ coated EAA, diet PBM+ crystalline EAA+ crystalline NEAA and diet PBM+
coated EAA+ coated NEAA, respectively. For each dietary protein level, WGR in groups of PBM+ crystalline EAA and
PBM+ crystalline EAA+ crystalline NEAA were higher than that in PBM group (P<0.05). No difference in WGR
between group PBM+ coated EAA and control groups at 32% dietary protein level (7>0.05) was observed. The WGR in
group PBM+ crystalline EAA and in group PBM+ crystalline EAA+ crystalline NEAA was not different (P>0.05), but
it was lower than that in group PBM+ coated EAA and group PBM+ coated EAA+ coated NEAA groups (P<0.05). The
WGR value in group of PBM+ coated EAA was significantly higher than that in group PBM+ coated EAA+ coated
NEAA (P<0.05). Changes in FCR was the opposite of WGR (P<0.05). The shrimp fed the 40% protein diets had higher
WGR and body protein content but lower body lipid content (P<0.05) compared to those shrimp fed 32% protein diets.
Plasma free AA concentrations of group PBM+ coated AA were generally lower than those in group PBM+ crystalline
AA (P<0.05). There were no differences in muscle AA contents (P>0.05) except glutamate, glycine and proline across
dietary treatments (P<0.05). Feeding a diet with PBM+ coated EAA can lead to a growth comparable to feeding the
basal diet at 32% dietary protein level.

Key words: Litopenaeus vannamei; Poultry by-product meal; Amino acid balance; Growth; Free amino acids



