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INERGE R BB K E X L 40 iE X HF
A K BE FH B B HE AR HY 52 i

MET, #5447, A 4, X #, Ke#A, KHEE, E&AN, AXA
(T P R 2 AR B A ™ b 5 B U5 M T T I sE 30 %, Bl 201306)
FEEE: 0 R A R L AN R R R B o o T AR K e B R B,

Wit 6 EARFRAR HEH 6% 11% 16% 21% (Al (A2 A3 A4 41) 1 % & 7] % R A
BHH5.5% 10.0% 14.5% 19.0% vy B A8, 7 8% th i i B E A 5. 1% th & 4y (B 41)
AR R ENNREA, A LR 6 M ARAEETE N (5.02+0.73) g #h L 45%E Xt &F
45d, HREA  FREF A AR ERTHBA W EFT MBS EAKE A2 4/ A4 4 5484
EZRABEF HUES AR EFRTHEA ARABR A3 AR EF G THHA A ZAREFN
EZR;EAOFRMEAS UK BALA  EMWALEESRZR., MASEFEERALEL
LR ERZR;NBALBLERR  AMVAREE. MARAEXBRFMELFALRENL L
FETHENES AU ERERELFEAER AL A2 M Ad AR ESGTHREA, L4
5MBATREREZR, BET, R AL AN, A2 AZ ABEN L FKT X EA; IR
A ALEFGTHRA; ENBE AL AL ERTHEA, FREFS,Ea8BE L Al 451K, 2
RMAENBAZRLAEFESANAERAGHBEANEEG THREA, B A3 AR KN kR
AB U HU A AL ERTHEYE, HAXL AN ZR A EE ;AT ER AR THRNA
HBAIHART., AHERAEREHAF G THBELA; A EXE A3 R, A A B FTE TR
B, HAREA,NREZFBETUR OB RAAEMS T AR FH I, Y EHAEN 11% B, 7 (£
T AEN19.0% % E 10.0% T 1 % 8 L 45 % 3 55 8y & K Fr & HE A, 5 P 1R 8% HE
KR LHEXI; RE; BEH; a8 HR

PESES: S 963 MEAR S A

FL4 i %) UF ( Litopenaeus vannamei) | 15 FR FE
FE X EF, J& 1 S ) 1] (Arthropoda ) , 5% 44
( Crustacea ), + /& H ( Decapoda ), Xf #F #}
(Penaeidae) , X 4F J& ( Penaeus) , 2 1 . M
PR, BARRES TR T KR, A8 5 15 3
AU X PR 3 0 RE T B i T Y 2 S A R AT A
43.5 T R Py R i 38 LB R R AR E
HAl FEW RS RZ — BRI, LR
X MRS A A e B SR R, LT ) e e i
HHIKFH 35% ~40% , 4y 8R4k 28 B 7R T
R B, 4 42.37% ~44.12% 27,

%5 B #5:2014-03-24 &8 B #5:2014-04-21

et DI I ey 2 2 ML A 0 X W s £ 9 7 oK
M 2Tk Padlal , A pRif AR 19 35 % B AAE
S AR AR i IR T A T T RE £ Y VR
JCIEARSE 2 H 45 R IR FRIE R oK . I, —
SERETHE O AU T AL B IR Ak Y T
FE T P R 2 1 R T ELA T AL Rl
A G R R AL AR, TR E AN
ARSI Lk, ORI O RS LA W B T [R] I, SR
AL 2 Fh R Wi K 7= 3 4 A K AR 9 T8 5R
T B, R A B A R 1 R AR A B

BBV E [ 5K R & B0 (SHME2011SWO02) 5 b i i K2 IR 55 7 & b I 27 K 7 3l W 3s 4% & b P (ZF1206)

B {51E& . /£ E 4% , E-mail : xmhua@ shou. edu. cn
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TR A BRI R 1 R A BB R 2 — , o /e
Wi ( Chlorella sp. ) . % %4 % ( Botryococcus) . = ffi
918 3 ( Phaeodactylum tricornutum ) | ¥ [G £h 3
( Dunaliella primolecta) &85 5 T 15 3% A
A T AR 7 KA R AL, B8 D AR 2R S Y
ZEFR TR NERE IR AR B R S 2 R R LR
S5 SR U, BT O 5T 1 £t P o A )
AW B ERIBUEY) S S /N BREEARAE
ANEREE R BN BRI . AT AT ST R B,
XSG AR IR DR B A /DN BRI JRUAT B & bk TR
(I M EREIERE) HER T YR
SRR KA T &N U5 H At R R RO A 4
Ko P AR SEB0 3F /)N BR 35 95 1 7 ML 44 358 X AR

FrDRE P A AR X G A P AR R i 25 8
A BRSNS W, B A5 38 i AR R A 8 Y
ROR2E 5, g 340N BREE ™ il B AN T 2 B e it
AN AR BB AR P2 IS %

SR
2

L R SRS
L1 Wit 56

JIT T g /N R Ry (W B E &) 48 B
A=) S I B R A, AR 3R il o T
92.86% KL 49.22% MRS 7.37% M4k
5.86% T RABEY 13.37% 45 0. 4% F 4 B
1.4% o XF b OB IR AL, K B 1 B 5 SOm

HT, SR S B BETH6 4L A S A RE R BDRE (K L) -

F1 ZXBREBARREFRKFE(RNTEM)
Tab.1 Composition and nutrient levels of basal diets( air dry basis) %
JEA Tk diets
ingredients Xt B4 control Al A2 A3 A4 B

ff§) fish meal 29.7 29.7 29.7 29.7 29.7 24.6
A& ¥ meat and bone meal 3.0 3.0 3.0 3.0 3.0 3.0
K5 H soybean meal 19.0 13.5 9.0 4.5 0.0 19.0
4 K1 peanut meal 10.0 10.0 10.0 10.0 10.0 10.0
F ML i £ beer yeast 5.0 5.0 5.0 5.0 5.0 5.0
1%y wheat flour 24.5 24.0 23.5 23.0 22.5 21.6
K squid meal 2.0 2.0 2.0 2.0 2.0 2.0
WRFE 4 shrimp shell meal 2.0 2.0 2.0 2.0 2.0 2.0
ff i fish oil 2.2 2.2 2.2 2.2 2.2 2.2
gl phospholipids oil 1.4 1.4 1.4 1.4 1.4 1.4
WML 45 CaHPO, 0.2 0.2 0.2 0.2 0.2 0.2
54 24" compound vitamins 0.2 0.2 0.2 0.2 0.2 0.2
4 %% compound minerals 0.8 0.8 0.8 0.8 0.8 0.8
JNERSE B C. vulgaris Co-products 0.0 6.0 11.0 16.0 21.0 8.0
E 757K £ nutrient levels

FL 4 H crude protein 42.49 42.46 42.46 42.47 42.47 42.46
FNE G crude fat 6.30 6.62 6.89 7.16 7.43 6.57
45 Ca 1.84 1.84 1.84 1.85 1.85 1.66
WP 1.47 1.52 1.56 1.59 1.63 1.42
#i % iR Lys 2.47 2.46 2.46 2.46 2.46 2.42
E IR Met 0.71 0.74 0.76 0.77 0.79 0.71
FLZ 4k crude fiber 2.65 2.79 2.91 3.02 3.14 3.01
JafE gross energy/ (MI/kg) 17.72 17.66 17.61 17.56 17.52 17. 64
LK 4y crude ash 7.12 7.70 8.18 8.66 9.15 7.59
TR IR YY) nitrogen-free extract 27.58 26.39 25.38 24.35 23.33 26.15
K 0.89 0.94 0.99 1.04 1.09 1.07

Wl ZG524 2. 520 kA T W R REA RA R . 3. B0 /MR (0 B F E &) I—REBCE Y S s Rl > & . B

10 g /NEREER A 0.7 g KOH 130 mL WIS, o0 i 75 e el B 42 0, o B8 2 0 38 O

i

TR E0 A= Wy S, R A o3 B S i

Notes:1,2. Compound vitamins and compound minerals were obtained from Nonghao Ltd. 3. Co-products:It was the remnant of Chlorella( from

Taiwan China) after extracted biodiesel. The steps are as follows: firstly,10 g C. vulgaris was added to reaction bulb with 0.7 g KOH and 30 mL

methanol; then,it was processed by ultrasonic wave catalysis; finally,biodiesel and co-products samples were detached through standing culture,

filtration and extractive distillation
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FHL 6% 11% . 16% .21 % [ S5 i 53 3185 % 45 o
5.5% .10.0% .14.5% .19. 0% 1) & 1 ( faj fx Al
A A2 4L A3 UL A4 L) 8% I B I A1
5. 1% Wk (fRIFR B 41) , AR & A 3 i 1 1R
BEAXT 2 . T IR 6 Rkl gy e R 6 2H FLa
TEXTUR B 4 DEE A HEE 60 B, k5
Bh% B 7 BT BORLAR S 1.5 mm (1 JBOREEL
Mt T4 .
1.2 EHYERFAERE

S AE b T R A B TR VR ORI O
B b 7% A W N HE AT, 3R 24 A R GH BT
(2mxImx1 m), {85 HHEMEMH. 55K
FHRLAN 15 X U %) B 4K BT 4 O (5. 02 £0.73) g
FHOXE B A ) RE T 77— J], T 38 D R GE R BE S L T
IR ER LY . SCg B, R R 3 ) (06:00
18:00.23:00) , B 45 84 2 WU AR o, 500 Oy 1K
iR 3% ~ 5% , Bl A MR AR BT e BB IR B
PR HJC R SRR A JE . 5236 2 18] FH K O i
E LI 7K, PR A5 7 BE R AR K R AE 60 ~ 70 cm,
WK 27 ~35 T 524 h EL 7R, A A (NH, -
N) <0.3 mg/L, K5 %% (DO) >5 mg/L, 5556
HWih 45 d,
1.3 #HmxR&E

SEYG N AE IS L T — U S A AR Sk g
181 i o 1 PG SN M AR L 4 CTHE 6 h )5,
4 000 r/min 4 CE5.0> 10 min, ¥ 3% ; T6 1 504
B BRI LA O T8 (28 A ER K vhk, 25 BR
WA, -20 CLRAFRFIN .
1.4 EHRAE

AR E SRS £ A T
R T BOPR ., IR F 5 0TS A B R R E A K

7% 2 (survival rate ,SR,% ) =100 x N,/N,;

1#% B 3 (weight gain rate, WGR,% ) =100 x
(W, = W,)/W,;

g 4 K 3 (specific growth rate ,SGR,% /d) =
100 x (LaW, —LaW,)/t;

& (feeding rate, FR, % ) =100 x &% {H
w/ex (W, +W,)/2];

15 Bl Z2 % (feed coefficient ratio, FCR) = &%
P/ (ZOREHE - W B + ST M)

H A B & E ( protein efficiency ratio,
PER,% ) =100 x (&K G - W46 6 HE) /(G4

P x B H R i) o
A N, () N, (J8) 43 0l R 52 56 A 0 A 1
IFBY ARG R W, (g) W, () 433 o 5256 K 3 )
WIS R B i 1 (d) S SE I JE A

WU 28 %, WL P i XL A, 7 (105 +
2)C &AM FHE %16 T, # GB 6435 — 86 J7 il
HEK A F B HLEE (4% GB/T 6432 - 94 J5 3 il
HL G R 22 5 4 Rk HEL e R FH T B Tk
W sE LR 43 #2 GB/T 6438 - 92 J5 ¥ &
5 R 43 B GB/T 6436 — 92 185 4 M 1 WMl 2
1 GB/T 6437 — 92 43 5t 0% BE 1 I 5 5 UL IR 2
IR 2 ¥ W2 K ff J5 R & 2 1R 41 i AL ( Model
S7130,Syknm ) Il .8 H & & (GB/T 18246 -
2000) .

B O NGB R EEE S IR
i N A S SR AR AR R e e
SRR R HAE 40 TR AR5 BhoK i B 5 H =4
I pg AR, & XA 1 AHEHAMNE S (U/mg
prot) o JE 5 Y MR FH AL — JE R bb ok I e,
FiE e S g2 s B A E 37 CHIRYAER 30
min, K f% 10 mg &M & LR 1 A TE# BTG J7 A
(U/mg prot) . Mg 15 B ff FH g st 8 A 9 1 wiF
FE TR AL & L BN e 37 TR, B
2L AR R MR R TSI RN 1 58, 5
HAE 1 pmol JIEY) Ky — > B 3G J1 8 {7 (U/mg
prot) . KA 4 A 3 A4k 2 B A0 2 B A A
2R 12

HAR R F % B S 0 245 o e A RES
S A v R AL B 15 R ARSI 3 4~ 5 000
mL VE K B = A e R, 528 R LR S T
R K 35 30 2 1] 3% B BRI 4% 2 W04 1 8 R A e
FURAE Jy S A 3 M, LUAS O ML g X MR
MK ZABIRE b aE A dl. LR, RO
o) P AR et S 7 R R R R AE 27 C A, FRek it
172 ho SIS 5 4 ) I A0 48 EGa ) e
0 7 K AR B A AR R R i (HT 535 -
2009), i H T K F R IR RS E R o =
0.001 g) , JFItBEAEA R [ mg/(g - h) [ FHE =%
[mg/(g-h)]"M "

FEARITAEARA:
AR (€, -C)) xV

U, €y D SEB 45 AU 25 1 ALK HR B U A SRR B
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(mg/L) ; C, Jy 5255 45 o I 52 56 20 7K A o 35 il 41
W (mg/L) sV KB BIR B (L) s W ok S5 6]
WRA PR BT (g) 5 T 9 S8 35 22 A ) (h) .

HEA R B A

. (N, - N,) xV
HFE % = T wxr
N, g L 25 R A3 1 2 KRR s A vk
(mg/L) 5N, by 52 56 45 oI 52 56 20 K B v & LY
W (mg/L) sV R KFER R B (L)« W 2l SE 36 X
WRA R (g) s T N SE B R 22 p A (h) .

BAE IR G A A HE A (NRL) Al
W HE 3 (PLR) 24 GBT 23309 - 2009 i &

NLR =100 x [1 - (F, -1,)/(FI*D,) ]

PLR =100 x[1 - (F, -1,)/(FI+D,) |
L FI(g) N BB R F, (g) MEARIFAR S A
BB 51, () NIRRT A& R i s D, (% )
TRl U & Fy () Dy 2R B A 5 i 1) o
1, () I UG WA W 1 5t it s D, (% ) O A e

B

1.5 #iEahE

SEUR KL s AP B8 + A5 22 (mean + SD) I
KX&om. A SPSS 17.0 B x) ¥ s k47 S A R
J7 43 HF (One-Way ANOVA ,LSD) , 2% 53 i 2 i}
P17 Duncan Z E L, P <0.05 R £ 7
BE,

2 45

2.1 EEEREMMAMENTEKMERED
A

EXFRRAR L, A3 ZHAE 15 ik, o 38.34%
(P<0.05), Hfh S dlm L EMHEZS (P>
0.05) , HH AR E KR A2 41 H1 Ad 4] 5 X
MAZER AR E (P >0.05), HAh &4 8 FLT
XTHRZL (P <0.05) (R 2), MERLU WL EF
PEZE S (P >0.05) Rl R4 A3 41 18 2% & F 4 IR
4, A A AL TC e M 25 S R E BURR A3 4
WM T XA, KA 5X AR AR E
(P>0.05),

R2 NLMEIEREERERE

Tab.2 Growth performance of L. vannamei

5 17985 3/ % B AR % AR R/ % B/ P Tk B %K Tk %

group SR WGR FR FCR PER

papiceih 70.00 = 14.14° 81.03 £0.38" 1.49 +0.01° 3.97 £0.17 2.06 £0.04" 1.24 +0.09%
Al 68.34 +16.50° 34.46 £16.84" 0.73 £0.31° 3.94 +0.20 2.07 0. 12° 1.33 £0.02°¢
A2 65.84 +1.18° 84.27 £0.50" 1.53 £0.01° 3.93 0. 14 1.90 £0.05* 1.32 £0.00°
A3 38.34 +4.72° 30.73 £11.39° 0.67 £0.22° 3.82+0.35 2.45 +£0.08° 1.05+0.11*
A4 64.17 +3.54° 85.63 £1.61° 1.55+0.02° 3.58+0.32 1.89 +0.10° 1.26 +0.04%
B 52.78 £9.18* 40.21 £12.57° 0.84 £0.23" 3.52 +0.26 2.12 £0.24° 1.12 £0.07®

TE < 1) 81 B0 i B T8 7 B AR 7] 5% BE 3RR 22 5 AN L35 (P > 0..05) , R IA 5 R RR 22 52 % (P <0.05) , KA

Notes:In the same column,values with no letter or the same letter superscripts mean no significant difference (P >0.05) , while different letter

superscripts mean significant difference (P <0.05) ,same as below

2.2 REENREMXNALAEIHINAARY
el

SR UL PA) S v ) 1 B o A L )G A 3 1k
ZESE (P >0.05) s S LA NG G & A0 L, A4 2 fxe
(P<0.05), Hofbh 2l 5 %f AL TC B 35 k25 5= (P >
0.05) ; X HEAL v LA A 73 35 o e IR, A4 21 e 5 55
F AR F 2 5 (P >0.05) 5 S LI IR
M R AR, A4 B (P <0.05) (%3),

6 ZLUR WL A FP A I M 10 B b Ty & R R
SRR A ST AR S B TR TR
o, A2 41 B R MOE T R R ALLA2
A4 I F R TR (P <0.05) , HoAth 241 5 %) 1R

HIRFIEZESR (P >0.05) . A3 4LLIA % = &
M e AL AR (P <0.05) (K 4) o bii a2k
MR 4 & R (Val) RN @ MR (Phe) | M & R
(Lys) RS 2R (Arg) B &5 it A2 2 fg e, X IR 4
A3 HE A (P <0.05) ; H A MK (Met) T it A3
AR (P <0.05) , HoAt 417 JC B & P2 5% (P >
0.05), ARabmi @M P KL MR (Asp) AR
(Ser) 4+ % B2 (Glu) | bt 2 B2 ( Cys) 1 /% 24 IR
(Tyr) 5 B2 A2 A, A3 ik (P <
0.05) ; N IR (Ala) Y72 fb 14 ¥ 15 45 2 1R — 24
iR (Pro) & B Al 5 A2 4l fe i, A3 A ik
(P<0.05),
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Tab.3 Muscle composition of L. vannamei %
2851 Ky HA fig i Vix i Sk
group moisture protein crude fat crude ash calcium phosphorus
IR control 75.77 +0.76 21.21 £0.43 .15 £0.02% 1.24 £0.02° 0.34 +0.01 0.43 £0.00"
Al 73.37 +3.62 21.32 £0.36 .17 £0.01% 1.32+£0.01° 0.33 +0.01 0.51 £0.01°
A2 73.74 +2.33 21.41 +0.06 .23 £0.00™ 1.31 £0.00° 0.31+0.02 0.49 +0.02"
A3 72.74 £6.78 20.81 +0.56 .33+0.19° 1.31 £0.02° 0.33+0.13 0.53 £0.01°¢
A4 71.31 £4.01 21.54 £0.52 .55 £0.05°¢ 1.49 +0.04¢ 0.33 +0.00 0.65+0.01¢
B 75.34 +1.62 21.48 £0.61 .07 £0.06" 1.32+0.00° 0.38 +0.08 0.53 £0.02°
4 NASEBRAN(TYWR)
Tab.4 Amino acid composition of L. vannamei in muscles %
iR XJ R4
afnﬁg ftid cjc—mtri Al A2 A3 Ad B
HERER EAA
i Val 0.44 +0.10° 0.59 +0.01% 0.75+0.11¢ 0.44 +0.08" 0.65 +0.15° 0.55 +0.09°
A% Met 0.27 +0.06° 0.34 +0.16° 0.34 +0.03"° 0.13 £0.10* 0.33 +0.13" 0.36 +£0.06°
SEER e 0.35 £0.08" 0.50 £0.04 0.64 +0.09° 0.38 £0.07™ 0.57 £0.14% 0.45 +0.06b°
AR Leu 1.25+0.31° 1.56 +0.05° 1.91 £0.22°¢ 1.16 £0.15* 1.67 +£0.37° 1.51+0.14°
Jh & R Thr 0.67 +0.17° 0.87 +0.01° 1.06 +0.11°¢ 0.63 +0.09* 0.93 +0.21° 0.81 £0.06"
4N Z R Phe 0.86 +0.22% 0.99 +0.04" 1.18 £0.09¢ 0.73 £0.09° 1.02 £0.23°¢ 0.97 +0.04"
Wi Lys 1.44 £0.36" 1.78 £0.08"° 2.18 £0.23° 1.33 +£0.17° 1.87 +0.38° 1.70 £0.15°
& @& His 0.42 £0.09% 0.51 +£0.01°¢ 0.61 £0.07¢ 0.38 +0.06" 0.53 +0.10°¢ 0.47 +0.04"
KRR Arg 1.66 +0.47° 2.08 £0.13° 2.45 +0.29°¢ 1.66 +0.12° 2.27 £0.45" 2.09 £0.'%°
EAA* 7.34 +£0.92° 9.20 +0.21° 11.11 £0.61° 6.82 +0.46" 9.82 +1.08" 8.88 +0.40"
ESEFESEBR NEAA
RAHW Asp 2.14 +0.58% 2.50 0. 10" 2.99 +0.25¢ 1.86 +0.22° 2.60 £0.52°¢ 2.43 £0.22"
2 5k Ser 0.79 £0.20% 0.94 +0.03° 1.12+0.10¢ 0.70 +0.08" 0.99 £0.23°¢ 0.92 +0.07"
A5 Glu 3.03 £0.76™ 3.56 0. 15° 4.25 +0.36° 2.62 +0.32° 3.71 £0.75°¢ 3.33+0.37"
H4Em Gly 1.43 +0.36" 1.64 +0.13% 2.04 +0.26° 1.55+0.15" 2.04 +£0.27° 1.83+0.18"
W4 Ala 1.30 +0.30" 1.53 £0.11° 1.84 +0.19°¢ 1.13 +0.13" 1.57 +0.26° 1.56 £0.05°
R Cys 0.29 +0.07° 0.33 +0.01° 0.43 +0.04¢ 0.24 +0.03" 0.36 +0.01° 0.34 +0.02°
%52 Tyr 0.59 +0.13"° 0.69 +0.02° 0.82+0.07¢ 0.50 £0.07* 0.72 £0.15°¢ 0.67 +0.03"
i %[ Pro 1.19 +0.34° 1.51 £0.07° 1.68 +0.25° 0.76 +0.28" 1.14 +0.60° 1.21£0.07°
Y NEAA * 10.73 £1.37™  12.68 £0.25° 15.16 £0.51¢ 9.33 +0.49° 13.11 =£1.39° 12.28 +0.43"
SAA® 18.07 £2.29*  21.89 £0.46" 26.26 £1.11°¢ 16.15 0. 96" 22.94 £2.48" 21.16 =0.82°

7 Y EAA . BT & LR (total essential amino acids) ; Y, NEAA . i ) 06 75 % 3L fi2 ( total nonessential amino acids) ; Y AA : i 4 3t Ji2 ( total
amino acids) ; [F1 478048 JH 47 76 7 B s PR R R ZE R AR E (P >0.05)  REFER/RZEF BE(P<0.05)

Notes:In the same row, values with no letter or the same letter superscripts mean no significant difference (P > 0. 05) , while different letter

superscripts mean significant difference( P <0.05)

2.3 REBHRE XL 9E XS EF 7 & 0 5T 5 AE
B iE 71 9 = 0
Jo B TS SR AL 450 BT B 2
SAb, HAbAS 21 4% BFEAR T X IRAL (P <0.05) 5 i
RITHE A2 21 1225 5 T4 BRZH (P <0.05) , Hofth#$ 41
X R 2 A B3 (P >0.05) 5 fig T e A5 Al x4

BEFT A4(P <0.05) , HoAl 25 21 5 %00 B 410 i 3%
PSR (P >0.05) o JIFRAEEE F RS 77 AL AR AR,
A2 S IR 22 5 A 35 (P >0..05) 55 i i 2
JHPIBRIE i 105 T % 77 249 035 v %o L2, A3 A o g
(P <0.05) ; %J IRZH AT ESE B i 5 A3 410 225 1
25t (P >0.05) 53 = THABS 4L (P <0.05)

http : // www. scxuebao. cn
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Tab.5 Protease activity,lipase activity and amylase activity in intestine and hepatopancreas

U/ (mg prot)

i intestine

JIFJ# I hepatopancreas

e
iﬁi H g JUs T TE W i H G Jig s it TE K7 1
protease lipase amylase protease lipase amylase
popiisEiN 34.51 +4.33¢ 0.33 +0.02% 2.37 +0.01° 0.11 +£0.00% 0.13 +0.03* 1.31 £0.41°
Al 35.78 £5.20° 0.33+0.02% 1.85+0.02% 0.09+0.01* 0.21 £0.05° 0.62 +0.01°
A2 13.91 £4.01° 0.50 £0.06° 2.09 £0.56" 0.11 £0.02% 0.23 £0.03° 0.77 £0.02°
A3 24.15 +5.22° 0.31+£0.03™ 1.69 +0.09% 0.10 £0.01% 0.28 +0.01° 1.03 £0.04%
A4 12.16 £0.26° 0.41 +0.02" 1.57 £0.20° 0.09 £0.01% 0.21 £0.08° 0.65 +0.00"
B 19.65 +0.89™ 0.28 +0.06" 1.65 +0.42% 0.12+0.01° 0.22+0.01° 0.68 £0.01°

24 BEEBEREMAMAMENTEEXE S

TR IR, A2 I A4 B IR T IR (P <

2 RHER R B HE R R B R0 0.05), Hoflh sl S X AL HMER(P >

Bt B AR DX LA S IR FE SR 0.05) s HE L R, A2 R A4 2] W 3K AR T IR
AR (P >0.05) s fF 2 R 56 ETHE T R (P <0.05) , HAth 20 5 %F M2 0 i M 22 7 (P >
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Effects of the replacement of soybean meal by co-products of Chlorella on
Litopenaeus vannamei growth performance, nitrogen and phosphorus loading

HE Yading, HUA Xueming" , KONG Chun, WU Zhao, CHEN Xiaoming,
ZHU Weixing, JIAO Jiangang, ZHOU Zhigang

(Key Laboratory of Freshwater Fishery Germplasm Resources ,Minisiry of Agriculture,
Shanghai Ocean University ,Shanghai 201306, China)

Abstract . As the residue of defatted microalgae, Chlorella co-products were still rich in nutrient component.
If the residue wasn’ t rationally utilized, it would not only become a waste of resources, but also cause
environmental pollution. Some researchers are very conscious of the problems involved. Although they
focused on protein content of the co-products,there was few detail to deal with it. This study researched on
whether Chlorella co-products could replace soybean meal or fish meal in the diet of Litopenaeus vannamei.
Six isonitrogenous and isoenergetic feeds were formulated and fed to white shrimp with initial weight
(5.02 £0.73) g for 45 days. The feeds contained 0% ,6% ,11% ,16% ,21% co-products to replace soybean
meal respectively; and contained 8% co-products to replace fish meal. The six feeds were also named
control, Al ,A2,A3,A4 and B groups respectively. The results showed that group A3 had lower survival rate
compared with control. There were no significant differences in weight gain rate and specific growth rate
among group A2,A4 and control. Feed Coefficient Ratio in group A3 was the lowest compared with other
groups. Protein efficiency ratio in A3 was the lowest and group B was also lower than other groups. No
significant differences were found in muscle protein contents among all groups, while total phosphor contents
in all replacement groups were higher than control,and group A4 was the highest. Total amino acids and total
essential amino acids were first increased and then decreased, group A3 was the highest; total nonessential
amino acids of control were lower than groups Al,A2 and A4. Protease activity of intestine in control was
higher than other groups except group Al; but group A2 had higher lipase activity and groupA4 had lower
amylase activity of intestine. In hepatopancreas, group Al had a lower protease activity, and no significant
differences among other groups. Lipase activities of all groups were higher than the control,and the A3 was
the highest. Amylase activities of all groups were lower than control except A3. There were no significant
differences between any groups on respiration of shrimp. The trend of nitrogen excretion was first increased
and then decreased, group A3 was the highest. Phosphorus loading rates in all replacement groups was not
higher than control group; nitrogen loading rate in group A3 was the higest, and that in all other
replacement groups was not higher than control group. It is concluded that in view of growth performance,
and nitrogen and phosphorus loading, feed containing 10% co-products to replace soybean meal which
decreased to 11% from 19% may suit L. vannamei.

Key words: Litopenaeus vannamei; Chlorella co-products; soybean meal; fish meal; replacement
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