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WE: ALK BIEWF TR IR INRERRFLFT B (Lactobacillus acidophilus)Xt FLANTEXTEF (Litopenaeus vannamei)4j iF
AR ARRR R R TE ME . PU I FIAE SCHE mRNA FR M52, I 840 AR E 4(0.58+0.01) g M LA
XTURGIER AR 52, 3k 7 03, B8 3 ANER , BRI (0%, 0.1%, 0.2%, 0.4%, 0.6%, 0.8%,
1.0%) g MR 2L AT/ iR, FRZE 8 JAl, S5 EIR: WS INTN [R) L 5] W8 R FLAT B X ML AN Ve % MR 1) B T 28 TG Bk 3 52 T
(P>0.05), 3% 5 A5 55 A KA BEGS I i A3 I 5258 B THE R RS, (H1 58 25 T X BR41.(P<0.05), 1E 0.4%41
KRB ERAE,; MBI 0.2%H), (AR BURAR, A& 4 5 258 F % IRZL(P<0.05), 1M 2R F1 BT RRER 19 A48 T ) 5 4]
BRI o 135 B % Ak ) B (phenoloxidase, PO). 54 %% 2 i (alkaline phosphatase, AKP)HIL M: i 2 A (acid
phosphatase, ACP)if VB #8934 0 e TH w5 BEAR, 205000 0.4% . 0.1%F1 0.2%0F, kB Ml . i 4 fb g
(catalase, CAT). ¥ Il (lysozyme, LZM)F1# & AL ¥ 15 {1k B (superoxide dismutase, SOD)i& P, 30 2H 4 B & = T X%
TR (P<0.05). S50 25 A AL 20 (CAT) mRNA 3% 3K 5 A1 B i3 (LZM) mRNA 3k it 2 i 255 T4 I 21 (P<0.05).
W YESRE (Vibrio harveyi)UEE 96 h, i $IFAF 1% 2R Bl s 0 AU 3G N 5. 25 T 151 (P<0.05) . LIt E 2R (weight gain rate, WGR)
RFIWHRYE, IRYEIT LRI, R RIS 0.23% M8 TR FLAT 3 AT S 2 08k FLANIE X IRAE 4, JF 48 R R = 1k fe s
Bk

KERIR: JLNEXTARZAR; BRRFLAT I, AERERE; JRR S PRS2 8; mRNA KA
FE 525 S968 XHEkFRERS: A XEHRS: 1005-8737-(2018)05-1022—-10

FLENEXTHF (Litopenaeus vannamei) R H HAG
EKEF‘?‘H% RGN )T SR R AL A,

FIATE DRSS K, R R
EXﬂLﬂF*M* AFEAEA, R A A 1) 95 3 X6 %
LI T DR | B 92 W i e NN R 1767 SO a4 R N
Pl R R, B A F AR AR K, B
FH SR P e, TR R E bR T
Jiti, WA G L BG 0 TR T R ) R
W& Z—, g AE TR 48 T8 — o YU [P AT D sk 4 )

IS BHEA: 2017-11-14; 4&iT HHEA: 2018-03-17.

ﬁiﬂi%lfc{t #FE TR, R RIE RGN
PEfE AR AT A R R, Ok
M N 25 TR A A R AR
WE R LT 1 (Lactobacillus aczdophzlus)j{]ié
[CBHPE TR, TEMLIA PR T IRR A 2 R S5 L b ) I
A B AR, Y i e SO A,
LK S e Thfle, 45 1E & AR EED), s ag 4t
HyUmEfe Y, ﬁﬂﬁiﬂﬁﬁﬁﬂﬁlﬁfﬁfiﬁ]%@
0 EHBFSE I 2, Sandeepa 251900 ZE 5L T A e

EEWH: T AARHTH S RIBSERHEH R H (2013B021100017); 4\ F8HG 7 /K™= 5% & 1k S Sc i = 1 H .
EZEBN: FE55(1991-), B, WA, BF5ET K848 3% 51k} E-mail: junliangli132@163.com
BIEEE: e sk, #O%, WA S0, EENFRTDYES SEBIESE. E-mail: gihuiyang03@163.com
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B A G RR FLAT TR A GRS R LA AR SR A IR GRS ORS TR e AT S, LA SR
WE R YU ) ROAE R S e S HH 0 T LT TR 6T AL AR 5 T %) ML R S S o
Hoseinifar UV & 45 W R FLAT B (0 GRS szl 4R A3 B 4n 4k i BRI A 3
ﬁ']@{Xiphophorus helleri), ﬁfi%éﬂﬁ%ﬁfﬁ 1 M5

R OWER REA KRR E ST RANLR

AR WA LAY EEXT R A IR FLAT R o L1 SARE

B, AT L A B A S G i R SCER AR L AR . B B EEAR
fpogs S8 mEmA LAY DLW I e B B e TR, DA . RGN . KRS OBERR S E BRI TR,
F e R TH R YE, & B AEMLA A8 P e A SEER AR RS B SRR L3R 1, A K AR
M, ABFSE LSRR SLAT B ke, e fLaniext  DABERIE A3 0%, 0.1%. 0.2%. 0.4%.

x 1 SLWEMERSEFRKFE(FHERY)

Tab.1 Composition and nutrients levels of the experiment diets (DM %)

215 group

iH item

1 2 3 4 5 6 7
WEFRFLFT T Lactobacillus acidophilus 0 0.1 0.2 0.4 0.6 0.8 1
£I 185 brown fish meal 22 22 22 22 22 22 22
=AM soybean meal 25 25 25 25 25 25 25
1E4EH peanut meal 12 12 12 12 12 12 12
WRFEH3 shrimp shell meal 5 5 5 5 5 5 5
WL % BEKS beer yeast powder 5 5 5 5 5 5 5
¥ wheat flour 22 22 22 22 22 22 22
fajl fish oil 1 1 1 1 1 1 1
KEiH soybean oil 1 1 1 1 1 1 1
KEINHENE soy lecithin 1.5 1.5 1.5 1.5 1.5 1.5 1.5
2 ZWIR K vitamin premix® 0.2 0.2 0.2 0.2 0.2 0.2 0.2
4 R KL ® mineral premix® 0.5 0.5 0.5 0.5 0.5 0.5 0.5
S ALREH choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Wi A4S Ca(H,PO,), 1 1 1 1 1 1 1
24 & C vitamin C (35%) 0.05 0.05 0.05 0.05 0.05 0.05 0.05
AL 4EZE microcrystalline cellulose 3.25 3.25 3.25 3.25 3.25 3.25 3.25
&1 total 100 100 100 100 100 100 100

EFRIKFE nutrient level

HIZE I crude protein, CP 38.11 38.47 38.44 38.65 38.26 38.72 38.48
MKy crude ash, CA 7.83 7.83 7.79 7.9 7.85 7.86 7.83
HMAEWG crude lipid, CL 6.13 6.14 6.15 6.14 6.15 6.15 6.14
k43 moisture, MS 7.72 7.48 7.44 7.66 7.81 7.58 7.34

e QAR TURE NG T s R AL 4E4 % B, 25.5 mg; K E, 25 mg; MEMBEE, 50 mg; FUANIEE, 0.1 mg; PR, 6.25 mg; 2R
5,61 mg; JJLEE, 800 mg; MR, 201 mg; LMK, 2.5 mg; 4E/EFE A, 10 mg; 4i/EFE D, 120 mg; 4i2EE E, 99 mg; 4i2EE K, 10 mg; £F
46 %, 589.65 mg. b. Y B FURE 8T SEAEHE ML KIO,, 0.06 mg; CoCly-6H,0, 8.14 mg; CuSO,4-5H,0, 39.68 mg; FrEEmEk, 27.42 mg;
ZnS04-7H,0, 56.56 mg; MnSO,-7H,0, 0.24 mg; Ca(PO4),, 160 mg; MgS0O4-H,0, 24.86 mg; KCI, 30.66 mg; NaSeOs;, 4 mg; Ak,
1648.38 mg.

Note: a. The vitamin premix provided the following for per kg of diet: thiamin, 25.5 mg; riboflavin, 25 mg; pyridoxine, 50 mg; cyanoco-
balamine, 0.1 mg; folic acid, 6.25 mg; calcium pantothenate, 61 mg; inositol, 800 mg; niacin, 201 mg; biotin, 2.5 mg; vitamin A, 10 mg;
vitamin D, 120 mg; vitamin E, 99 mg; vitamin K, 10 mg; cellulose, 589.65 mg.

b. The mineral premix provided the following for per kg of diet: KIO,, 0.06 mg; CoCl,-6H,0, 8.14 mg; CuSO,-5H,0, 39.68 mg; Ferric citrate,
27.42 mg; ZnSO,4-TH,0, 56.56 mg; MnSO,4-7H,0, 0.24 mg; Ca(PO4),, 160 mg; MgSO,4-H,0, 24.86 mg; KCl, 30.66 mg; NaSeO;, 4 mg; zeolite
powder, 1648.38 mg.
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0.6% . 0.8%F 1.0%MFERFLATIE o 1Rk RN
WEJEat 80 H, WERAFRILAS 453 Frifs B in &,
Horp, KEFERET Vv EBESHLIRS 10 min,
WO RGW L BRY KIEHITIRA . RE,
DA AT BT S5 HL(F-26 A2 B TR, ) B il
WEAEN 1.5 mm PR, BT 60°CHEFE T 524
1k 30 min, X5 503 F-20 CURFEIRAF 5 H o L
A AR RIAE h AG IAT KT TR AL, 0.1%4H R 0.72x
10° cfu/g, HoAh#$ 4145 & 52 s6Beit temil, HAk)y
B2 RCHk[12-13],
1.2 AFBEEEMEIRIER

FRAH SR ) AR ML) AR R 2RI 5 1
PEAEWIIT ST e 0.3 m® B3 S LT AR A b E AT,
SCEGURE W TR SR A RA . MR TR
SAKTRIE FE 30 d, BEEWILAIAE(0.58+0.01) g
(IR A, DABER 40 B0 AL 7 ASAb PR, e
Xif N A SE A RE, REALIE 3 ANEA . R AE
[ 8%~10% 4% M, B RHLME 4 Y% (7:00,11:00,17:00
F121:00), MRS SEEAAE AT HOARN 8345
MR SCEGRTIAE 2 d Bk, JEIAAERHK, ok
H2/3, SCEHATA], AN TS M I A AR ) (S~
6 mg/L), 7K ¥ K (30.5+0.8)°C, h BN 29~31,
pH 7.8~8.2, WAL T 0.03 mg/L, FEFHAWY 8 JH .

S R IR FLAT B R AR IR T T AR A MUY
B AR PO (GIM1.730), R MRS 5537 3L k17
H P RS, KR kS UL BT, Wl
W B SR RO L b vk o T A e ST (Vibrio
harveyi) R F B T 2R 48 7K 7 55 sh W0 R AR ) 2
FORATIN A S = Rt
1.3 HmXESNE

IS R AR AR 24 h, FH—RMETC
PR SR (1 mL) 76 05 020 J S i 5% Ak 4 B
BRI, B 1.5 mL BELE, 4CHkA I RE,
3500 r/min &5.[» 10 min (3K30, Sigma, fE[FE), HL
FWEWT 1.5 mL (ELE T, RAFAE-80CHAK
I VK %6 (Thermo Electron corporation, 3% )" £
FH o TG B 8T B 85 0 BRI RN i 3 T 26 A
RNA later FJE.OEH, BT —80C AR IR IKAS P#
17, MFid e e a il . WM mRNA XK
S R S AEREER 10 AT LA 4E 3T (107 cfu/mL)

JULPR) S A T O 5L 5

A

14T % (weight gain rate, WGR, %)=(CK ¥ -
) 24 ) /4] 4 E < 100;

F 8 K K (specific growth rate, SGR, %/d)=
(In R ¥ H—In 471 50)/52 55 K< 100;

1A BE R ¥ (feed coefficient, FCE)=f% & #/(K
H—A)H);

T 1 Ji % K (protein efficiency ratio, PER,
%o)=(R ¥ H W) ¥ 5 /(5 & B i < MR RPRLEE B
17)*100;

B e (survival, SR, %)=(SL 5045 A 4/ W)
i FE#0)%100,

R S R NS G N s B 2 =7 I 63

SrIE 2% AOACH™Y, JK AR IR 105°C
T e R M AR A ARSI R L IR AU (CP,
Nx6.25, KjeltecTM 8400, Hiit); HLIR i (146 I 5%
FH A TG B2 s L 20 i A 00 R FH 4 =X 25 4
550°CHybeik o v s A AL M E ARG . i AL
By . PR AR . T Tl R T SR FH P e A
AW T ARG IR &, ELRERAE ™A i BE
A & Ul B AT, B A AL S R
Huang 25U 07 g b AT 5, 375 T P 1k 2% S5 1
T A Y AT T E
14 IHEASE. BEHE MRNA REERNE
141 3|¥i%&it CAT, LZM 5|#iit3 B cik
[16-20] , 519X bifE s i 5L 57 5 A BR A vl &
B, WS B-actin F1 H AIEE CAT . LZM 15|
WIr s Lk 2,
142 ZARNAREKE DNAMAR X TRIzol
(FEAEY, KiE)EEBUFFIEH R RNA, Bk
AR 2 FE LR A XS« SRR GE R
JE AL RNA JHMREE R 1.5%09 SR WEEE e 21 T
WK, TEEERE G A g H 58, F] Nano Drop
2000c (Thermo) & & Al RNA OD2gonm/ODagonms
K HBEAE 1.8~2.0 ZIHJ [ RNA FEM RS T-80°C
T IE 22505

% ] TaKaRa /A F] 1Y) PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time)if 7| &
PR EE 1Y B RNA AT S S B, 5 B cDNA,
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%2 RT-PCRETRSI#FSI
Tab. 2 Primerssequencesfor RT-PCR

By target gene

GenBank % 3¢*5 GenBank number

591751 (5'-3") primer sequence (5'-3")

B-actin AF300705
AL AR CAT AY518322.1
W LZM AY170126.2

F: GAGCAACACGGAGTTCGTTGT

R: CATCACCAACTGGGACGACATGGA
F: CATCCAGGATCGAGCAATCAA

R: TGAAGCCTGGCTCATCTTTATC

F: TGTTCCGATCTGATGTCC

R: GCTGTTGTAAGCCACCC

FLURRAE D TR 7™ 4 B0 £ i B 15 e S IR Bl
IR AT

143 RT-PCR ##F %8 SYBR"Premix Ex
Taq ™11 (Tli RNaseH Plus) (B9, K%k
%4, 7£ ABI 7500 Real Time PCR System #FfT
RT-PCR. % EFLF A Stage 1: HiEME, 95°C 305s;
Stage 2: PCR JZJi7, 95°C 55, 60°C 34 s, KM IAZR
W2 3, mRNA Fik 2550k AT RE R
27N A

x3 WAEERNEKR

Tab. 3 Quantitative fluorescence reaction system

A regent s ié HL
SYBR®Premix Ex Taq™ (Tli RNaseH Plus) (2x) 10.0
PCR Forward Primer (10pmol/L) 0.4
PCR Reverse Primer (10umol/L) 0.4
ROX Reference Dye II (50%) 0.4
RT JJ3; # (cDNA solution) 2.0
KH7EM K dH,0 6.8
&1t total 20.0

15 #iEsE

SCIC AR T SPSS Version16.0 #AF#E4758 1T
G3HT, SEXTEHEAE B R K U7 22 5341 (one-way  AN-
OVA), A .34 1% 22 5 (P<0.05), W4 Duncan’s
ZH R, S5 BOHE O ¥ B4R ofE 25 (x£SD)
Fm,

2 HREHMH

21 REBMIAFEN LA ETTLTER LR
=1

IR 2 SPL AT B 6 ML 4900 5 X6 B 407 0 A K RE ) 5
Wi WL 4, H 3 4 AN, RE R FLAT DA FLAN I T R
L1 R 8 BT R TC i 3 S 0 (P>0.05); 1 H R 5 4
EARORE FIHE T RER, (B8 E & X
MR (P<0.05), 7E 0.4%41ik 35 KAE; SN 0.2%
B, Rk R ER AR, A A 2 B AKX B AL (P<
0.05), & [ BT AR 1Y A8 b R ) 5 1) ) 3R KO
Bz o LA WGR A HIWH A (8 1), ARAEITEifs
HARHE FLAREERT R R A K B B d I IR 0.23%

® 4 PERITEN YR ERGERE K1 8E RV R0

Tab. 4 Effects of Lactobacillus acidophilus on growth performance of juvenile Litopenaeus vannamei

n=3; x+SD
BN EL B /% T /% HEH R/ % K (%/d) HATUSE Y% T RE R AL
supplement level SR WGR SGR PER FCE
0.0 95.83+1.44 1849.47+7.05° 5.60+0.00° 1.99+0.02° 1.28+0.01°
0.1 95.67+1.15 1993.67+40.59* 5.73+0.03% 2.12+0.02%¢ 1.24+0.01°
0.2 96.67+2.88 2063.79+62.14% 5.80+0.05% 2.16+0.06° 1.19+0.01°
0.4 96.67+2.88 2012.09+73.26° 5.83+0.05¢ 2.13+0.03% 1.21£0.01°
0.6 97.50+2.50 1986.70+18.11% 5.73£0.01% 2.09+0.02 1.24+0.00°
0.8 98.33+2.88 1967.47+19.50° 5.71£0.01° 2.04+0.02% 1.2840.01°
1.0 96.67+2.88 1939.11+49.61° 5.68+0.04° 2.02+0.02° 1.2940.01°

T FPRDR A ARG 513275 22 53 .35 (P<0.05).

Note: In the same column, values with different superscripts are significantly different (P<0.05).
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g 2150 y=587.25x + 1899.5
g 2100} e R=08117
<
3 2050 y=-118.98x + 2059.6
S 2000 F R?=0.9879
2 1950}
X 1900
% 1850 x=023
o q /
ﬂl 1800 1 1 1 1 1 )
0 02 04 06 08 10 12
BN B/% supplement level
1 REIRZLAF B IS E A9 5 ML i X i
LR 5 T R (WGR) e R AR A
Fig. 1 Effects of supplement level of Lactobacillus acidophi-

lus on weight gain rate of juvenile Litopenaeus vannamei

IR Tk L AT T ot L 440 32 XoF M 4 AR B 4 B 2 i
IR T L AT TR X6 P 49 2 6T MR 0 MR A 50 43 ) 52 i)
W3 5. MR 5 nHIRERRZLAT B FLAAE X 1R 4l
R AR B o0 YA I 35 5 (P>0.05)

23 ERIAFEMNALAEXMTLHNERSESR
& B A MR R0

2.2

it 15 PR ) S R L3 6. PR3 6 FIAL, I I AR
i (PO) . M 92 T (AKP) FI R PE W FR i (ACP) 1%
PTG R, RERRZLAT B I L5153 R 0.4% .
0.1% M 0.2%HF, 35 3 KAA; 240 kK
0.2%. 0.4%. 0.8%. 1.0%FF IfiL 37 A M 42 Ak 4 Bt
P B 2 T B4 (P<0.05), TETRANELH] 0.4%55
) S5 v ;P ol R R 53 P TR LA TR AR T 0.8%
1.O%ZH 5 PR W 7o %t BRZ AN, A& TG 34 i
R T HRAL(P<0.05); I 0.2% M P s IR il 11
YRR B R, ARG RS EA R Em
T REZH (P<0.05); 8 S 1k 4 5 Ak T 1% 1 ) i g
P AT GRS IO L 388 DR v, ST 6 4 3% M W
R T RRAL(P<0.05); WML 0.6%H} i 4 ik
AWHE MR R RRE, HagdmEtREs T
Xf BEZH (P<0.05); ¥ B I 1% 1k 2 18 Tt v
TEREMRFLFT H RN 1.0%35 B K Al, HAK AT

v LT 6T S B X A 5 5 S

%5

PR 2 TR

HAZH (P<0.05).

U IR =SS PR AN LARY LAREN D & 0 kA T

Tab.5 Effectsof Lactobacillus acidophilus on body composition of juvenile Litopenaeus vannamei

n=3; x+SD

W0 ELf1/% supplement level

7K 43 /% moisture

HH 2 F1/% crude protein

HLIE /% crude lipid

K53 /% crude ash

0.0 75.67+0.51 72.24+0.01 6.82+0.59 14.10+0.36
0.1 75.37+0.93 72.33+0.03 7.53+0.48 13.81+0.05
0.2 76.03+0.68 72.28+0.07 7.21£1.62 13.89+0.88
0.4 75.04+1.46 72.28+0.02 8.40+0.66 14.25+0.07
0.6 75.51+0.58 72.37+0.01 7.27+0.31 13.61+0.04
0.8 75.64+0.44 72.43+0.03 6.40+0.89 14.24+0.13
1.0 77.28+0.80 72.27+0.05 5.87+0.90 14.49+0.07
& 6 MEREFLATE XN NLYURI TSR E S 5 1% % R B A2
Tab. 6 Effects of Lactobacillus acidophilus on nonspecific immune enzyme activities of juvenile Litopenaeus vannamei
n=3; xxSD
I EL/% R P WA R i/ T Wi R i/ it A SR A By S ALYt/ T T
supplement (&[G BNz /dL) (& KHAL/dL) (U/mL) AL Hf#/(U/mL) (U/mL) (U/mL)
level ACP AKP CAT SOD PO LZM
0.0 12.27+0.34° 5.89+0.30° 2.61£0.13 216.83+14.46° 290.27+28.36° 50.05+1.43°
0.1 14.90+0.31° 9.12+0.62° 3.59+0.06¢ 249.27+17.51% 347.22+17.34° 58.57+1.42°
0.2 18.88+0.30° 8.20£0.57% 3.15+0.09° 243.47+15.93" 380.55+24.05% 56.00+2.33%
0.4 15.95+0.33° 8.62+0.98" 3.34£0.09° 244.63+14.47% 536.11+33.67° 57.62+0.82%
0.6 15.05+0.84° 8.04+0.26° 3.70+0.01¢ 274.78427.82°¢  336.115+9.62" 57.00+2.64
0.8 16.44+0.45° 6.35+0.10" 3.60+0.05¢ 281.73+13.91%¢ 415.27+31.27 76.76+4.65°
1.0 17.83+0.28¢ 6.21+£0.38" 3.60+0.01¢ 286.37+17.50¢ 429.16+27.32¢ 77.86+8.76°

H: FSE bR A ARVNG PR IR 25 5 i # (P<0.05).

Note: In the same column, values with different superscripts are significantly different (P<0.05).
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2.4  EEESZLATEXT L A0 TE X 4R 40 SR 11 B0 R

I 7 L AT R 6 PLA Y ot R 0 R 9 7 #6 2 i)
DL 2, H &l 2 a0 RN 07 96 h FLAN T X}
W73 e Bt 8 R L AT B Vo b 4970 1) 71 s i 384 K
MRIELHIN 0.6% ., 0.8% . 1.0% 771K R B &5
T X HRA(P<0.05), TEE N LGB 1.0%358 2] e K fH .

N
[=)

TEIE &Y% survival rate
N
(=]

% 01 02 03 04 05 06 07 08 09 10 11

WA A% supplement level
B2 I 4EIREEBORE 96 h FLAYIE X ERG A7 % 5
FREEA ) 7R 3808 22 53 1. 35 (P<0.05).
Fig. 2 Survival rate of juvenile Litopenaeus vannamei after
96 h challenged with Vibrio harveyi

Different letters denote significant difference
between groups (P<0.05).

2.5 FBEERILATEXT N 49E 3T 4N 4h $R 48 S BE mRNA
RiZRI =G

B 2 LT B8 %k FLAA VS Xk R 41 R AH 56 i mRNA
FIRMEZm WE 3. K 4, IR 3 AT A AL A
mRNA Fk KR THE R , 7RI E

E NV e

- N

FE A S B mRNAMIXT RXAKF
CAT mRNA relative expression level
w

(=)

0 0.1 0.2 04 0.6 0.8 1.0
B EL4/% supplement level

3 FERRFLAT T XS FLAN I X MR 4 R
CAT mRNA X F 387K A 52 1]
FREEA [A) 7R 38758 26 53 . 35 (P<0.05).

Fig. 3 Effects of juvenile Lactobacillus acidophilus on the
relative expression level of CAT mRNA in liver of
juvenile Litopenaeus vannamei
Different letters denote significant difference

between groups (P<0.05).

N W A O
T T T T 1

ST mRNAART kK-

LZM mRNA relative expression level

(=]

0 0.1 0.2 0.4 0.6 0.8 1.0
BN EEB/% supplement level

P4 BB RRFLAT RN FLGA IR AR I I
LZM mRNA AH X} 357K (5200
PR R R RIR 25 55 1 35 (P<0.05).

Fig. 4 Effects of Lactobacillus acidophilus on the
relative expression level of LZM mRNA in
liver of juvenile Litopenaeus vannamei

Different letters denote significant difference

between groups (P<0.05).

WINLEA] 0.6%IR B RfE, BRES 2 4l4b, Hps&
2 IR K1 I 3 T BB 41(P<0.05) . B R FLAT
BRI HCBITE 0.4% . 0.8% ., 1.0%F % 1% i mRNA
FRK A, EAINEE] 1.0%0 35 5 i K,
FEAR A 34 0 25 5 T X IR AL (B 4),
3 itig
31 FEBMIAFE FLAEI ML R EK R
A

W& TR LA BA A3 JLAR H FH (R AR A e s n 551
f 2R A T, 7K = sh 4 2 B (i b AR K R A T
A S5 235 5 3R R ARDRE rh N Jin g R LA TR T e
o JLANTE X MR Al R4 B R | AR AR KR, RRAIRH
BEREL, AR LR AR 55 08 R LA BV i )
A, WS EL 3t s Xk LA X R AR AR A R sk
RAUE . FERMEILER 0.2%F0 0.4%HF FLANTE
NP 38 R | R A K R R T IR AR
1.0%2, 1Dk R 0 28T X EZE A 1.0%4 . L
WGR N HIEKHE (B 1), MGG 1 2
PE FLYH X R & 8RR K B BB IR A 0.23%,
87 I R LA B AN o 081 2 55 ) LA P A SR 1
BRRZE, HATEER T INGE Y L] r g iR 7l
FF TR A BE B 402 1 PLAATEE X R gl iR R A 4 o 3
SHF5E R FLA X ERD3T BESS X HF (Penaeus
monodon) VI IBF TS5 T TR FLAT B
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PR E FLAN R IR Sy 0 AR K T R 5 HA A 3 AR
K, P Ml i A, R I T O N R
BV A FAAE S ARG He s s, AR AR KR
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Effects of Lactobacillus acidophilus supplementation on the growth, en-
zyme activities, and mRNA expression of disease-resistance related en-
zymes of juvenile Litopenaeus vannamel
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ZHANG Shuang" %, ZHANG Haitao®

1. Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University, Zhanjiang 524088, China;
2. Key Laboratory of Aquatic, Livestock and Poultry Feed Science and Technology in South China, Ministry of Agri-
culture and Rural Affairs, Zhanjiang 524074, China

Abstract: An 8-week feeding trial was carried out to investigate the effects of Lactobacillus acidophilus supple-
mentation on the growth performance, nonspecific immunity-related enzyme activities, and disease resis-
tance-related enzyme mRNA expression in juvenile Litopenaeus vannamei. A total of 840 L. vannamei, with initial
average weight of 0.58+0.01 g, was randomly assigned to 7 groups in triplicates, with 40 individuals per replicate.
Seven isonitrogenous and isolipid diets were supplemented with 0%, 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, and 1.0%
Lactobacillus acidophilus in a basal diet, respectively. Following results were observed: nonsignificant difference
was found in survival among all the groups (P>0.05). Weight gain rate (WGR) and specific growth rate (SGR)
increased gradually as dietary L. acidophilus supplementation increased up to 0.4%, and then showed decline
(P<0.05). The minimum feed conversion rate (FCR) was observed on feed supplementation with 0.2% L. aci-
dophilus, which was significantly lower than that in the other groups (P<0.05), while protein efficiency rate (PER)
showed the opposite trend. Serum phenoloxidase (PO), alkaline phosphatase (AKP), and acid phosphatase (ACP)
activities increased gradually with increasing dietary L. acidophilus levels, and then gradually declined. The
maximum values of PO, AKP, and ACP were found in the 0.4%, 0.1%, and 0.2% supplementation groups, respec-
tively (P<0.05). Activities of serum catalase (CAT), lysozyme (LSZ), and superoxide dismutase (SOD) of all
treatment groups were significantly higher than that of the control group (0%) (P<0.05). Gene expression levels of
CAT and LZM in all treatment groups were significantly up-regulated when compared with the control group
(P<0.05). At the end of the feeding trial, the shrimps were challenged by Vibrio harveyi for 96 h. Post-challenge
survival rate increased with increasing dietary L. acidophilus supplementation (P<0.05). Based on the broken-line
regression analysis of WGR, when feed was supplemented with 0.23% of L. acidophilus, growth and nonspecific
immunity of juvenile Litopenaeus vannamei were found to significantly improve.

Key words: juvenile Litopenaeus vannamei; Lactobacillus acidophilus; growth performance; nonspecific immu-
nity-related enzyme; mRNA expression
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