S IR 2017,29(8) . 2808-2816
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2017.08.025

TR 3 2 7 FE 7K 45 B 0 b X 2F AT I
FU 438 3 2R & 4K 1 BE A0 52 7% 77 BY 52 i

XRAR' MR MG kB 4
(LREARZBE, KHE 3003845 2.7 K= B2 Be g iKW 5E B, I 5103003, LR,
L 20130647507 & (P D ARRAT], L 20120355 I, 7 510300)

W OE: ARBEE 2 AT R R AT AR S I F AR R e v R FAT B X U Gk 2T A
KMtk A e Rk A Hm, 2 ANFREAT A UM ESIFA MBI EH A 1.06 g A4, EXE1
5 A ATIF A AR A R a4 P R 0(D1 A AR G AT REA) 0.3(D2 ) 3.0(D34) .
30.0 mg/kg o R F 50T (D4 21) #2 80.0 mg/kg 28 A(A T Z A HZAHH A ;D5 28,4
A FabERTBBLR) 69 5 FPiX IR AR R KEE 2 P4 A AT IF AR 1 D1 A5E, F A RS
F4EETE 1 mx1 mx1 m KB (H 2 KE 0.7 m) 89 K4AK P 23N 0(dl 44,8 D1 41) 0.4
(d228) 4.0 mg e R FFMH (d3 ) 400 mg A B B(ATE LA H A HH KA ;d4 4,
A TabT BA) WG AR 7 d FHoMNANE 0.0.2.2.0 mg R FIRAFE A 20.0 mg 5428 B,
HAH R 6 NRRA, BA KRNI 80 BATiF, KIx 1 foiX e 2 A 0T A3 4 8 B, XK1
R AW .DI~DA AXIFHA KRB ERF ST D5 44(P<0.05) ,12 D1 ~D4 A B %X H % £
F(P>0.05) ;D2 LA dF ey F R fmdf T A K FE 2% 5 T D5 40(P<0.05)125 D1.D3 #= D4 41
AEARFEZF(P>0.05) ;D2 D3 . D4 AT 5F a9 44 & 4 2 F 4K T DI 40(P<0.05) 125 D5 21
AR RFZF(P>0.05) ;D4 AT mERRZF S T HEE(P>0.05) , 3T ¥FAF IR AR &AL
W ACEE (SOD) F A D2 A2 D5 A8 &, LR F & T A &4 (P<0.05) ; 3¢ ¥F A MR AR & 30 AL
# 5 (T-AOC) /£ DA A% &, B2 ¥ &5 F H 4 & 20 ( P<0.05) ; #H 3F AT MR A% 5 — 85 (MDA ) &3 |4
F AR P W R F TaAT R F 04 38 e i AR VA DA 23T ST T R MDA A8 Rk, B2 E KT
D1.D2.D3 28(P<0.05) ,425 D5 %k A B F £ F (P>0.05) ., X% 2 4R &F W . Fx 75 RAK 4k
AR T ESSIFHARY T HEER FLAEKERAR R EATEREZ Y (P>
0.05) ;d3 20 % %5 AT Mk A% A 1 % B2 B ( AKP) .SOD &A= T-AOC %3, A2 %3 T b &
(P<0.05) ;d2 X SFIF AL A R BE(LZM) F R &, L2 % 3 T E &40 (P<0.05) ;dl A%
ST MM MDA 42 %5, AR 535 THEMR KM (P<0.05), LR AN R FRATE LS
ST e AR AR KL P AR AR A AR I AR P AR AR AR B LA E X IF 8 SR ) 4R B L 4N E S IF 8Y
ARMAEA RS R FIRATEAEARRRAKK PO R ARMLTEET ARAZLH B;
GZARB1IFRB20ER WRFAFALELAESFAR T RImELIEHE 0.3~

3.0 mg/kg,
TR MR FATE LA EIF, A KM, fA N
FE 59 ES.S963 XHERFRIRAS . A X EHS:1006-267X(2017)08-2808-09

W fs B #3:2017-02-01

E €A :#72 DSM 2 Hbx & /W H (33000-42990024 )

YEZ B A X500 (1988—) , 53 VTG A AR, WA 55 26 58 O 1K 7= 8 ) 5 95 S5 a8, E-mail : scxylqq@ 163.com
«BEMEE A, BB, W LA 300, E-mail ;. gzniujin2003 @ 163.com
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FLATE T BF ( Litopenaeus vannamei) X ¥R FG 3&
FIXF IR 2 2 At 5 37 58 ™ o fefm 19 = RAF 2R 2
—, T HRFMET L, 2001 4F LR E T /Y
FRAETE R W K (H B B AT 38 5K 28 55 345 i
FER I e 2 AR 294k A SR BB R I
Bl TR B 2 0 35 0 KRB 48 & AL SR T T
BRI P AE R BB R A IRt
AR TE S 5 G, K P s B AR R R sk
HFOEGE AT B S L 2.0, B, FHRe
0, 24 MY AR T IR AR

fi 2 PR A — T A AR S R 3 Y A v
JEE AT LA ik 52 e 55 2l 0 RE O 1Y A ) R VR R 2
BN R 5 AR R X 5 1 T T
R K U AT 45 T sh W@ e 5 AR K, AR 2R dT
W ( Bacillus licheniformis) J& % f ¥ 3 J& 10 — Fh 45
AETA, PR G R G i v R e R T A 2K 55 A TR
SR KT R AR B I R B, AR KA
S I kA ZFFRAT B AT DA Gk 3 R v L AN VT I
JHEBR AR LB H 70 ( HSP70) mRNA £k,
H W FLAN X R 208 s Li 5 R o R, T R
HUS Ik A ZFE AT AT LA S 25 [ ARG L A V5 % R g 1
SRR AR, 22 J5 AR I ST A S T X —
Ko AT HUACZE MO B RO B ST, B Ah AT
B TE A S T n R A X 4 B (Acan-
thopagrus latus) 5.4 ( Ctenopharyngodon idellusp)
BRI, Avella 251 XF 88 ( Sparus sarba) HIHTESE
DA R 2 i A 22 S A3 W 655 ( Lates calcarifer) B9 BF
BV S T A N7 L o S e W g S ML SR T T |
JEG A A HUAEF AT TR B BE S 3 4E kL b B
5 R 4 A TR ol T 4 e LA S T IR A P i AN
o 17 TH AT RCR LU 10 2 S0 3 AR 2
FELAT TR A 2 S 0 281 5 B K A v HL 5 T B D 2 £ R
AL i 7 it v DL U X MR A R P i AN 32 0 T
HEATROCR Le e, LA O LA 95 8 B8 ) 74 o 591 1
Wt —E NS %,

1 MRlER*E
1.1 iR5e A4y

AT I A FH 1) b A 2 AR TR TR0 A A == A
2 (DSM) 2wl AL ) o vk BE K 7= L 35 AR L A
o LA ZE AT R AR A D T 1x10" CFU, i 2
AT A P BHUER A R 7, B R A
AT T R B R AT IR, A B W% TR S TR

BIEG W R R s Y e AR
I AR A AE K™ 2 b v R s, i
ti A TH B N PHEZ ARV AR A WS E T R T R
AN TR 25 60 KT TR 4% — 2 L e )k i B2 A 5 2R TR
woK A, B & fE R E X B ( Fenneropenaeus
chinensis) ') ] # ( Eriocheir japonica) ' 1 H
AXFHF ( Penaeus japonicus) ' %5 K 7= sh ¥y - L
TRANEE I RCR W] DUAE — 2 TR B L 038 97 B K AR
7K I
1.2 REHE

PRI IR TN 1.06 g A2 47 09 LGN E X IR AR
FIRG Y, A T 4R R S AR A T mx
1 mx1 m KPI0 (AROKE 0.7 m) FEFF 1, LA
FEEATIE W 5 2% 1, B 5% 40 1) B MR S e R
HFRAAE I IERL . PRk A% —2ny3 840
JEfdt e PLAN T XTI TR AE 48 A iR K P b
6 NKYEMN 1 4, Bl SR 80 BB, Al It
AT 2 Ak, Rl 1 FEALER 5 45w
I, J3 i ] R AR R R R S I o (D1 A 1R s
FXFIEZH) .0.3(D2 4H) .3.0(D3 4) .30.0 mg/kg
HoACEF fLFF i (D4 £1) F1 80.0 mg/kg 4 £ A
(D5 40, 1Ry BH XS BEAL ) 19 5 Pl 56 ) Ak 5 7 3K
55 2 v REHLIEH 3 ZHiRX g AF, 2 e 1 P
D1 ZaakL, IF AR T AR 1 m® FR A 7K Ut 1Y
KA B A 0.4 (d2 4H) 4.0 mg Hi AR ZF 4T
PH (d3 21) A1 40.0 mg #54E T8 B (d4 41, 1E  BH
X)) e Jn EERR 7 d B ANSE 0.0.2.2.0 mg
K ZEAAT A 20.0 mg 25 4E T B TR 56
1 A5 2 S e [m] 28 o B, il ae 1 7 D1
A 2 178 P X IR, AR lEs 2 i 4 o
dl 4,
1.3 IR

LTS 1 ZORECH] 5 AR im k) | FL2H h M
BRAEIER 1 Fros, BT A e Rk 5 288 1
ot 80 Hf %, B 5 # 3 1 Sy 1y b ) o
PREIFRI AR & 5, 18 R AR FE HL ( A—-200T
Mixer Bench Model Unit, Il & &) 8 £ 15 min,
ZJE I TSR 5 0 fyh | G R K T I B RE , B
PPt 15 min, FETA K2 40% 1Y 2518 K (R &
i) ARSEREFE 15 min , FISUBFFBF 0L (Hem 3 T
R MU T AW 58 B il 4 ) BF I ki A2 1.2 mm
P PR RHIURL , Z84T I J5 7 60 CRIBLAE 4t 2 h, 4
0.5 h # 1 U, R )5 7625 W b b il -+ =K o & b



2810 oY OB K ¥ M 29 &

T 10%, 1 J5 F B 0 88 k4% 43 25 brid 6 4 T —-20 CTHYVKAEF £ H .

F1 RBAMARRERKE(TORERM)

Table 1 Composition and nutrient levels of experimental diets (DM basis) %
s 2H 5] Groups
Items DIl D2 D3 D4 D5
JE B} Ingredients
66 Fish meal 20.0 20.0 20.0 20.0 20.0
T Soybean meal 30.0 30.0 30.0 30.0 30.0
A4 Peanut meal 10.0 10.0 10.0 10.0 10.0
[ ¥} Peanut meal 19.7 19.7 19.7 19.7 19.7
W % 1) Beer yeast 3.0 3.0 3.0 3.0 3.0
#RJ ¥ Shrimp head meals 5.0 5.0 5.0 5.0 5.0
KT R4 Soybean protein concentrate 5.0 5.0 5.0 5.0 5.0
KEBI#EAE Soybean lecithin 1.0 1.0 1.0 1.0 1.0
£y Fish oil 1.0 1.0 1.0 1.0 1.0
il Soybean oil 0.5 0.5 0.5 0.5 0.5
JIH[E & Cholesterol 0.5 0.5 0.5 0.5 0.5
Yk R C WEFRTR Ascorbic phosphate ester 0.1 0.1 0.1 0.1 0.1
Yk ZHOR AL Vitamin premix" 1.0 1.0 1.0 1.0 1.0
W4 B FIR AL Mineral premix®” 1.0 1.0 1.0 1.0 1.0
Wi — 445 Ca(H,PO,), 1.0 1.0 1.0 1.0 1.0
DL-#E% % DL-methionine 0.2 0.2 0.2 0.2 0.2
RIPILLF 4R CMC 1.0 1.0 1.0 1.0 1.0
AT Total 100.0 100.0 100.0 100.0 100.0
BT S iE R RN I Additional supplementation per kg of diets/mg
WK ZEHIFT B Baclicus lincheniformis 0.3 3.0 30.0
#5/E T A Probiotics A 80.0
#F5KF Nutrient levels®
#EE H i Crude protein 40.55 40.23 40.31 39.93 39.91
MG MG Crude lipid 7.17 6.63 6.65 6.84 6.92
HLK 4 Ash 9.48 9.35 9.25 9.27 9.41
7K43 Moisture 10.48 10.44 10.30 10.98 11.21

D& Ty 4k Z IR RS A Contained the following per kg of vitamin premix: VA 250 000 TU,VC 7 000 mg, "2 folic
acid 125 mg, 4= 4% biotin 10 mg,# # &K riboflavin 750 mg,Z fk %5 calcium pantothenate 1 250 mg, Fh FR ML % ¥ pyridoxine
hydrochloride 400 mg, & %l f% cyanocobalamin 1 mg, fi A% % thiamin 250 mg, B ZE[i{ menadione 250 mg, a—4 & M a-to-
copherol 2.5 g, L% inositol 8 000 mg, #HM& nicotinic acid 2 000 mg , ZALHEHH choline chloride 8 000 mg, VD, 45 000 IU , £f- 4
ZMIEFEF cellulose was used as a carrier,

2 43T 305 ¥ i 7R B %5 A Contained the following per kg of mineral premix:ZnSO, + 7H,0 0.04 g, KCl 5.3 g, KI
0.04 g,NaCl 2.6 g,CuSO, - 5H,0 0.02 g,MnSO, - H,0 0.03 g,CaCO, 37.9 g,MgSO, - 7H,0 3.5 g,Ca(H,PO,), - 2H,0
9.8 g,CoSO, + 7TH,00.02 g,FeSO, « 7TH,0 0.9 g, £ 4 K MHIE 75 cellulose was used as a carrier,,

DB IRl 2N . Nutrient levels were measured values.

1.4 RAFEHE EAEHIIR IR Y 6% 115, 2 )5 MR8 52 Pz kLS il
LU 0 ) A K AR 3 U (BEMEME 2y 0 RERBEAT MRS IR IR A KGR (27£2) €L E

07:00,15:00 F122:00) ,§i 3 JAHK, ZFEH  32+2 #2050, 50 I )0 5E /K I L #h B2 pH A
Bk 1 CEER IR SR 2/7) s W1 SR | SRR I A5 0K S48 b, filE HC A TE Y
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o iR 1 RS 2 R FRI T4k 8 JE
1.5 ERNESITE
1.5.1 AKAEh

TR S5 G YU AL B 24 h, SR )5 FR i
b R B4 2R B AR H I I S A TG A, T LA G
ROREE R KRR R AR R A A S
mr.

BEE AR (%)= 100x (L AR B H -
VIR ) /WG4
B K #(%/d)= 100x(In &R HE-
In WIAR ¥ TR ) /56 KA
B (%) = 100} A AR R EL/ VI IR AT R 4K ;
Tk R = B R T (AR IR E -
WIRIRE) .

1.5.2  HHVE IR

FR A S DU AL B 24 h, SRS B Bl
HLEL 3 AR, —80 C vKAR o A7 R I 42 R H B35 57
BT s AR A BE LI 3 B AR, —80 C vk4f rh AR 171
LN R = 1 R N b ARt 1 NS =
F My AOAC(1995) O i I B A8
1.5.3 AR e tetn

SRR L ARG, YU AL BE 24 h, 2R )5 B3t b
HLEL 6 JR U, O R 5 B F 2 mL &0
ST WA TR AT, T HOE 5 VR URE
HE T -80 CUKAR AL, R

U2 T, VA R IR R i B i He A (@) oA
B(mL)=1:9 [y LB A B 0% 19 4= B ER K, vk
KW 41 T R 10% ) 21 41 5) 3 W, 4 C

2 500 t/min# 0> 10 min, B 00, AT B IR
BN B (MDA) & b, BB 1k fig
(T-AOC) , it Ak ¥ B AL il ( SOD) | iR 14 ol 12 fify
(AKP) sl 1 % 19 i ( ACP) | ¥ B8 il (LZM) 7 1k
W BT AR W T R et AR ) TR
T
1.6 HIESH

SR 56 H s R B SPSS 21.0 R4k 47 B A
R 2500, 4 A W3 2% 5 I ] Duncan [G 2
LM L, P<0.05 FR 25 W% . Bl T
PR AERFRIR

2 ER55H
21 ARPRMEKRFATESZTER A TR
40 7E X8R AE < M RE | A 48 BR A0 BT IR IR SR R 4R AR G
=AU
2.1.1 PR s M ZE AT B g5 A T A X LG
YRR MR A R BB 1 5

Hi % 2 0] 1, Bl Hh A 25 F6FF 5RO 2 1 T
1, JLARIEXT IR A AR B 8 14 B R R AR K R
EIET R AR R, D2 4 LN I X AT Y
LRI E W E AR AR KR A Rl e, HL
=T D5 41 (P<0.05) ,H 5 H Al 2z m & H
BEEF(P>0.05), 5 D1 414t , Ak &8 n
A ZEAIFT A D2 D3 1 D4 21 ML 4 75 % 0 £ 4]
B AR EFER(P<0.05) , H BE R0 A A R
FEHE T, S R AE DA 43k 3 5 (94.25% ) I ik
FE T D1 4(P<0.05)

x2 AMRRMERFAITEUFER A W ALHEN AR SRR M

Table 2 Effects of adding Baclicus lincheniformis or probiotics A to diet on growth

performance of Litopenaeus vannamei

s 2l %] Groups

Items D1 D2 D3 D4 D5
VIR 1IBW/g 1.06£0.01 1.05£0.01 1.06£0.01 1.06£0.01 1.05+0.01
LKFH FBW/g 16.07+0.10° 16.23+0.39" 16.17+0.12° 16.10+0.12° 15.29+0.87*
SAEREE TR g 1 657+47° 1 368+37* 1 426+53° 1 500£25° 1 484+30°
WH % WGR/ % 1417+21% 1 445+33° 1425+10® 1418+13® 1 356+13°
e E KR SGR/(%/d) 4.85+0.02* 4.88+0.06" 4.84+0.01*" 4.85+0.02* 4.75+0.02°
kL 240 FCR 1.47+0.16" 1.170.01° 1.200.03° 1.18£0.01° 1.36+0.16®
HLIE % SR/ % 85.00+3.00° 87.25+2.32° 86.25+1.10° 94.25+3.00" 86.25+3.00°

R T RS R AR AN R/ING TR R R 22 57 3% (P<0.05) , R,

Values in the same row with different small letter superscripts mean significant difference ( P<0.05). The same as below.
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2.1.2 TR A A AT e s AT A X B ST D1.D4 Ml D5 41 (P<0.05) ;D2 I D3 4]

JLGA T X R AR 20 B 1 52 i)

Hi 2 3 AT %0, D1 ~ D4 41 A9 4 URHLE (A S 2
BE®ET D5 4 (P<0.05), H D1 ~D4 4z [ %57
AN (P>0.05) ;D2 40 HFHLE I & & 8 E &
T D1 #1 D4 41 (P<0.05) ,{H5 D3 Fil D5 4 &4
#2253 (P>0.05) ;D2 Hl D3 41 400K 7 & &

ZHZERALZE(P>0.05) ; S K> & 44
Z A 35 22 5% (P>0.05) . M LB XS R ILA
WOHLE IRy AT LA Y, D2 D3 A D5 4L LA HL
EAFSEEEET D1 A D4 41 ( P<0.05) , Tl L
RIZK 43 R R I RO K 53 it 45 41 22 Il B Al 3
%2 (P>0.05)

R3 ARRRMMRFATESEER A XGRS R H B R 20

Table 3 Effects of adding Baclicus lincheniformis or probiotics A to diet on body composition of

Litopenaeus vannamei

WiH 2H %) Groups

Items D1 D2 D3 D4 D5

42¥F Whole shrimp

7K43 Moisture 76.58+0.45 74.74%0.25 74.76%0.52 75.85+0.95 76.93+2.41
ML 5 Crude protein 74.81+1.24° 74.61£0.11° 75.85+0.80° 75.56+0.97" 73.21+1.23"
MG Crude lipid 9.14+0.43" 10.53£0.36° 10.13+0.97™ 8.66+0.20" 9.68+1.14"
FL K45 Ash 14.65x0.20° 13.61£0.62" 13.06£0.25" 14.57x0.41° 14.74+1.56"
LA Muscle

7K43 Moisture 75.47+0.47 75.17+0.47 74.97+0.63 75.99+0.64 76.00+0.36
HLEE M T Crude protein 91.25+0.31° 89.83+0.22° 89.97+0.33° 91.02+0.51° 90.07+0.47°
HUIE 5 Crude lipid 4.66x0.39 4.83+0.94 4.55+1.05 4.79+0.80 5.17+0.72
MUK Ash 6.83+0.23 7.10+0.31 6.83+0.08 7.26+0.23 7.44%0.16
2.1.3  TRb s A ZER AT R B S AR T A XF Y D2 .D3 il DA MR N g5 A A 1) D5 41 L

LA RT U JHF i I 28 48 s 1) 5 i)

2% 4 TN, DA 2H ML X R AR AKP 3%
P LT D1 A1 D5 20 ( P<0.05) ; D3 2H L4 i%
XF U BT B R ACP 16 M B AL T HAb & 41l (P<
0.05) ;D1 FI D4 44 ML 4435 XF iR JR A LZM {5 P
B T HANA 4 ( P<0.05) , H. D3 1 D5 23
FET D2 41 (P<0.05) ; kv 7 i b A ZF AT

x4

AR R F AT EREEE A X LRI IR R AR R R 18 4R

YR X R R SOD i MEAH Eb D1 2411 B 5 4
(P<0.05), H D2 D5 4 if & & & T D3 . D4 4
(P<0.05) ; bifi & HbAC 2 AOFT B I i A0 15 I, FLaw
FEXT U IF B R MDA % = B 2 B 1%, 1 T e A
T-AOC I 7} , Horp D3 1 D4 20 (1) AT i i MDA
B ER T HALAS 41 (P<0.05) , D4 20 1 T 1 i
T-AOC % fm T HAh 4 24H ( P<0.05) ,

SETL

Table 4 Effects of adding Baclicus lincheniformis or probiotics A to diet on hepatopancreas

immune indices of Litopenaeus vannamei

WiH 415 Groups

Items D1 D2 D3 D4 D5
TR RR B AKP/ (43 [CHA /g prot) 0.44£0.01° 0.36+£0.01®°  0.3320.06® 0.30%0.04" 0.45%0.03°
TRV RR S ACP/ (4 [REANT/ g prot) 0.39+0.01° 0.48+0.02" 0.28+0.02° 0.37+0.03" 0.36+0.06"
VS HWE LZM/ (U/mg prot) 38.28+0.85°  13.23+1.05°  26.34+0.71°  39.04£2.76°  28.30+2.00°
R E ALY AL E SOD/ ( U/mg prot) 239.31+5.36"  365.66+11.60° 273.56+6.36" 273.93+7.08"  383.46+9.74°
N MDA/ (nmol/mg prot) 6.57+0.48° 4.84+0.27° 3.54+0.25" 1.64+0.11° 2.02+0.25"™
BPUAELEE ) T-AOC/ (U/mg prot) 3.74+0.49" 2.13+0.21° 3.15+0.15™ 5.57+0.25° 2.43+0.43"
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22 FHEAKEHRAMBARFATEXNFZER B
xof JRL 270 352 3 R A K 1 i A0 BT R AR S 0 5 R B 22 i
2.2.1  FRPEAKR RN AR ZE AT R sk 25 2R T B
Xof FLAJ e S MR A K P B B4 5 i
M2 5 AT, 3% 5 KA o iR i AR 2 AR A
A5 2R B X FLAN X MR R Y E AR g
x5 FREAGRFMBAERITES LD B XA IR AE K AR

Table 5 Effects of adding Baclicus lincheniformis or probiotics B to aquaculture water on

EAERKE MR AR ERNRA AR ER
i (P>0.05) , FEAKMPERINLE 4B B 19 d4 41
JUAR I IR A4 18T 3R 5 80 T VAR 0 e A 2 A0 7
[ d2 41(P<0.05) ,H 5 H A4 %A W& 255
(P>0.05),

growth performance of Litopenaeus vannamei

WiH Z1%) Groups

Items d1 d2 d3 d4
PRI E IBW/g 1.06+0.01 1.07+0.01 1.06+0.01 1.07+0.01
LRITE FBW/g 16.07+0.12 15.37+0.75 15.23+0.72 16.1620.15
BHEE TF g 1 65747 1 495+130 1 581+144 1712+13
WK WGR/ % 1417+21 1 336+69 1 331+68 1 414+20
FrE A KR SGR/(%/d) 4.85+0.02 4.75£0.09 4.74%0.09 4.85+0.02
Ta R 2% FCR 1.47+0.16 1.48+0.02 1.45+0.08 1.41+0.02
G2 SR/ % 85.00£3.00" 83.13+1.82° 87.50+1.41" 89.79+2.08"

2.2.2  FEFLAKPR AV 0 A 2F F R 1 B 25 A T B
X FLAA i %o M il M B 22 8 s 1) 52 i)

HH 3% 6 AT, d3 4 FLYA XTI I TR iR AKP 1
P T HALAS 4H ( P<0.05) |, T 4% 2H ML gk 15 %o
WFIFIR AR ACP {EPE T % 22 % (P>0.05) ;d2 4
FLAR T B FF B AR LZM 3% M B 3% = T Al 45 4
(P<0.05) ;d2 1 d3 2H FL4H I X R T i SOD 1%
PR 3B T d1 Al d4 21 (P<0.05) 5 Bl 32 58 K AR

H b A 2F AT TR S 0 00 38 I, L 48 U X I R
Ji# MDA % it B 2 FEAS, 1 AR T-AOC W7+,
FLSRF KA 3 in b A< 25 A FF 1R 19 d2 A d3 41 L
Yl X R B B R MDA A i B 3R T H A 45 41
(P<0.05) , [A] B d3 2 FL 4K 3% X6 0F BT J AR T-AOC
BT d1 Al d4 4 (P<0.05) fH15 d2 HIEAH T
FER(P>0.05),

Fo6 FEAEPRMGRIFETANEER B XF LGRS ERAFRE IR R ZE R &0

Table 6 Effects of adding Baclicus lincheniformis or probiotics B to aquaculture water on

hepatopancreas immune indices of Lifopenaeus vannamei

i H 2H %] Groups

Items dl d2 d3 da
TR ER R AKP/ (43 [REANZ/g prot) 0.44+0.01° 0.30+0.02° 0.51+0.01° 0.32+0.03"
TRVEWE RS ACP/ (4 FRHAfi/g prot) 0.39+0.01 0.35+0.06 0.39+0.06 0.34+0.03
VTG LZM/ (U/mg prot) 38.28+0.85° 57.99+4.55°¢ 16.74+1.28° 17.01£3.15
HBEALY B fLEE SOD/ (U/mg prot) 239.31+5.36" 447.54+27.11° 414.02+20.67° 259.53+13.89°
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Abstract; Two trials were conducted to investigate the effects of adding Baclicus lincheniformi to diet or aqua-
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culture water on growth performance and immunity of Litopenaeus vannamei. The average initial body weight
of Litopenaeus vannamei in the two trials was about 1.06 g. In trial 1, shrimps in five groups were fed five ex-
perimental diets with different levels of Baclicus lincheniformi or probiotics A (D1 group, as blank control
group; not adding probiotics; D2 group: adding 0.3 mg/kg Baclicus lincheniformi; D3 group: adding
3.0 mg/kg Baclicus lincheniformi; D4 group. adding 30.0 mg/kg Baclicus lincheniformi; D5 group, as posi-
tive control group: adding 80.0 mg/kg probiotics A, probiotics A was market complex-probiotics-prepara-
tion). In trial 2, shrimps in four groups were all fed the diet of D1 group in trial 1. Before the trial started,
added 0 (d1 group, that was D1 group), 0.4 (d2 group), 4.0 mg Baclicus lincheniformi (d3 group) and
40.0 mg probiotics B ( probiotics B was market complex-probiotics-water purifying agent; d4 group, as posi-
tive control group) to the aquaculture water in concrete tank (1 mx1 mx1 m, and effective water depth was
0.7 m) , and then added 0, 0.2, 2.0 mg Baclicus lincheniformi and 20.0 mg probiotics B to the aquaculture
water every 7 days, respectively. Each group had six concrete tanks and each concrete tank had eighty shrimps.
The feeding time of trials 1 and 2 were all 8 weeks. The results of trial 1 were showed as follows: the final av-
erage body weight (FBW) of shrimps from D1 to D4 groups was significantly higher than that from D5 group
(P<0.05) , and no significant differences were found among D1 to D4 groups ( P>0.05). The specific growth
ratio (SGR) and weight gain rate ( WGR) of shrimps from D2 group were significantly higher than those from
D5 group (P<0.05), but without significant differences compared with D1, D3 and D4 groups ( P>0.05).
The feed conversion ratio ( FCR) of shrimps from D2, D3 and D4 groups was significantly lower than that
from D1 group ( P<0.05) , but without significant difference compared with D5 group ( P>0.05). The surviv-
al rate (SR) of shrimps from D4 group was significantly higher than that from other groups ( P<0.05). The
hepatopancreas superoxide dismutase ( SOD) activity of shrimps from D2 and D5 groups was higher, and sig-
nificantly higher than that from other groups ( P <0.05). The hepatopancreas total antioxidant capacity
(T-AOC) of shrimps from D4 group was the highest, and significantly higher than that from other groups ( P<
0.05). The hepatopancreas malondialdehyde ( MDA ) content was decreased with the dietary Baclicus lincheni-
Sformi supplemental amount increasing, the hepatopancreas MDA content from D4 group was the lowest, and
significantly lower than that from D1, D2 and D3 groups ( P<0.05), but without significant difference com-
pared with D5 group ( P>0.05). The results of trial 2 showed as follows: adding Baclicus lincheniformi to aq-
uaculture water had no significant effects on FBW, WGR, SGR and FCR ( P<0.05). The hepatopancreas al-
kaline phosphatase ( AKP), SOD activities and T-AOC of shrimps from d2 group were the highest, and signif-
icantly higher than those from other groups ( P<0.05). The hepatopancreas lysozyme (LZM) activity of
shrimps from d2 group was the highest, and significantly higher than that of shrimps from other groups ( P<
0.05) . The hepatopancreas MDA content of shrimps from d1 group was the highest, and significantly higher
than that of shrimps from other groups ( P<0.05). In conclusion, the Baclicus lincheniformi can improve the
immunity of Litopenaeus vannamei by means of adding Baclicus lincheniformi to diet or aquaculture water; the
Baclicus lincheniformi adding to diet or aquaculture water has better effect than probiotics A or probiotics B
with considering the growth performance and immunity of Litopenaeus vannamei; moreover, the supplemental
amount of Baclicus lincheniformi in the diet of Litopenaeus vannamei should be controlled to 0.3 to 3.0 mg/kg
base on consider the results of trials 1 and 2.[ Chinese Journal of Animal Nutrition, 2017, 29 (8) .2808-
2816 ]
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