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AR 5 M A3 AR IR A AN [] BT 432 T B A4 L TR AR 25
R R AR =25 . B, 5 R e fE K R 3R
S AR TR AL AN B E A E TR
Je A AR T #i 2B B B R 1Y & A AR I AR E
P IR A BRAF BRSO B R TR T R
W (Clostridium butyricum) T FIG 405 g K
TR AS TR VA 77 X8 W A 28 18 225 5 TG LA B 110 2 A TR 4K
RO AR B (Pagrus major) [aAEH B8 K 1
AT W (Lactobacillus plantarum) ) -1 R B GE
e FC A A R e S 2 T RES L 8 LA X R A R e
T LR B A 7 DU AT B v DR ) B A RCR T
Hl A A

R IAER T (Enterococcus faecium) g B ER 1 & »
Ho A 2w 58 TR . BRI R R ER
B AT = AR AR R A LR AN S S S I o] LA
FEFEEhPI A  k BE R g8 S 90 ) S0 B
VA3 i L B 4k 5 P T R RSP A A5 L BRI FE K R 3R
B, SRS DR M 3K TR 19 S e I T A gk L (H HAE 5 4
it FHTE AR 320, U HAE R i e A 8 e =R
YERIALH M AN B . ASWTSE B 78 e BRL TR Es A 6]
TEH PRI EK T LY B XF FLAA XU AR A E | i S g
RIS 7 052 8] o ] B X6 3% B i 33K T 19 J A6 oo i FH
TSV S LAk R B 35 o1 76 L4 T B ) ek v 1
PRz R BE R AR Y .

L BRIk

1.1 Kz

S PLAA XTI T 5 1E RARME A ® T 3K,
FXF R R R K ER AR 18 224 o 1 S 56 3k 1 Fir P VA
KEREE R 31 Loy W ahipaz [l ) . AR R R 2 Ak
B X X AR HEAT T ER IR, B Ik 31, ik
Troh 2 B0 IR, Y i xR 2 Lk AL HE 24 h
Jei » B AL 36 RS /N — S0 ft 3E X AR R SR AR A%
30 em X 40 emX 50 cm,SEFRFFFL KR 50 L 7K 55
o RS KEAE SR 15 2.
1.2 RWgit

SZES T A PR I ER T LYDB 20 B [ {d 5 LA X R
PR DRAF TR v [T Y R 2 S 0 A 28 5 1 =8 T P 1
B, K BRI ERE LYDB BARIG LG 3R = MRS
WAARSE SR, T 37 CIHER GRS 24 h 5138wk
JEA R 5X10° cfu » mL ' (R BER . B—@E AR &
B L 10 000 r » min™ ' B0 10 min J5 . 58] & B 15
VSR TR . K A5 28] 1 3% AT A FH G TR A R K R R R
U S BRI S50 T 1) A 3R K 5 ) il o 5 T
DUHR P P B (300 W B AR P B 20 min) S #K g
(105 CHRIEALFE 5 min) P RH LB 7 20 3 PR B by

5X10° cfu » mL™" W EE B IEAT AL B, 15 28 75 I
TR T AR Qe T B AT A R %) AT AR Ak ok AR

AW I E T 5 AL, 4 ) A B Jin bR
JAER G R B CFDD 3% A CHD R T BV IR (FQ) i
PR AR (CS) R B A (RVD B DR LR
TR R B (Con) s B ME BRI E 5 A EE . RIETE
HFE TR A, LYB T B A I T A0 S v B 1
R 1X10M cfu kg " B T MR I B AR R
WINHESN 20 mL « kg ' BRI BRI & RN 8% L3
WA IR 20 mL - kg ',

XFHRSEGE S50 S B 42 d, 768 K1 800,12 00,
16:00 1 20:00 & W £ M, 3 4 Y, AR 448 Xk A A 4 o
(A% ~5Y) B B Mt . Fe B WSCER X R A% 1 L 254, it
FEIREEVCE N 80 C BT IE RAFFRE . R R AYHK
N 1/3~1/2,

1.3 EWfARE &

100 mL ZEI/K RN 3. 15 g B s iR 4N, IR &
KI5 )5 80 C &M T Nz 58 25 i B 100 mL % fif
WM 4. 2 mL (IR S K25 AL PR AR 15
M 1) Ak T P-4 R I L 41 S 0 TS A R TR
Con ZH 7] AL 445 A0 FHLEH 735 00190 1 ¥R 46 B 55 2 1) DG 7 2 1
K. SEREES T 5 IE R AROEA w A B FLAH I
XPURF AR . BT B T F s WAL R T, T 4 Cuk
FEORAE . ERBIRDRL 2 AR 1,

F1 ABEERS
Table 1 Composition of the feed

43 Ingredient

M E Crude protein

HUBEWE Crude fat

MEAF4E Crude fibre

MK 4 Crude ash

7K 43 Moisture

BER Lys

BB Total phosphorus

& Content/ %
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L4 HmRESLE

FRAE 42 d J5 358 24 h BRI, FER IR A K A
L BEALEERE 7 FR AR, I YR S R R . SR
MEFE S E T 4 CH&MF T, B0 (3000 r « min ',
10 min) , B E3E TARIR (—80 “CHFRAE . Xt iR T g g i1y
WA SR T T T L (B T RS 7)) ¥ e /e, BT
A RNA PR E DA N bmic 5 8T 4 C4
HFH#E 12 hy SRJ5 T —80 CAMRAZ R
1. 5 ETEFRNE

1.5.1 £ K34 YHFILERAL PR 1 d )5 B RS K%



10 4 FEARA . &5 ESIIAS TR BRI R X LA X 0 A S A R L AR e S B S 1 32 i ) LU e 52 181

FERTURAHT AR AR BT e AT PR Il sk, AR KRR AR A5
ALHEXTHR A TS 2 (SR LR E 2B K 3 (SGR) D At
RWOR(FER) %, AN NS BT A3 R 58 05 05 -
SR=(S4/Sy) X 100%;
SGR=[UnW,— In W)/t ] X 100%;
FER= (W — W) /Wy X 100%.,
Ao S A Sy, o3 AR 255 JF i R4S R Y PLGH XF
HRESCEE s Wy T W 0 301 3R S50 TF I TS ST LA XF
IR A BT o5t 5 ¢ 7R S0 KRB W gy R F X IR ARDEH Y

=)

H,
1.5. 2 AE4F 1 9% 45 47 PASRAE 19 ML S B4 i,
TR RE A DU e R P B R B CAKP) | R 1 B R

(ACP) B E LY B AL B (SOD) | i — AL A AW (T-
NOS) . % 1 g (LZMD | By S AL il (PO) | i %5 16 9 il
(POD) i M LA K a bt A AL e 71 (T-AOC) , 2 B Fg 1t 4t
A AN R g AR e U B A A T I

1.5.3 etz 5@ mi i WAk RH Trizol ik
SRIBUIF B HRARE G b 9 5 RNA, RNA 158 % 3 5% ] B
HEWHERE IS L PRI AT B0 AIE . AR5 K5 A I 5 4% B9 RNA
AT IR 5. SR SE B9 e i PCR A9 5 ¥4 I 7 XF
U JEF g i v A S B 088 32 PRI 110 3 3R 7K, S e 3 TR DA K
HEWFs) 2 B3 21, S T 985 1 20 pl
TR R PEATY 3, 4540 B 2H M 56 S RE X (R M X 36
IRECR A 272 M E BT

X2 5|3

Table 2 Sequences of the primers

HIN G5 —37) Sl 54 (57—37) e/ ST
Gene Forward primers (5’—3") Reverse primers (5’—3") Primers source
Actin GAGCAACACGGAGTTCGTTGT CATCACCAACTGGGACGACATGGA P sl
SOD AGCCAATGACGTAAGCG ACCATCACAAGA AACCC P
LZM TGTTCCGATCTGATGTCC GCTGTTGTAAGCCACCC Fvia d o)
proPO TCCATTCCGTCCGTCTG GGCTTCGCTCTGGTTAGG P 2016
LGBP CATGTCCAACTTCGCTTTCAGA ATCACCGCGTGGCATCTT AY723297"
HSP70 AACGATTCTCAGCGTCAGG AGGTGCCACGGAACAGAT AY645906°
Imd TCACATTGGCCCCGTTATCC ATCTCGCGACTGCACTTCAA FJ592176"
Toll TGGACTTCTGCTCGGACAAC GTACATGTCCTTGGTCGGCA DQY23424 "
Relish CCTGTGAAGACATTAGGAGGAGTA CCAGTTGTGGCATTCTTTAGG B A g el
TOR TGCCAACGGGTGGTAGA GGGTGTTTGTGGACGGA Duan 51%
4E-BP ATGTCTGCTTCGCCCGTCGCTCGCC GGTTCTTGGGTGGGCTCTT Duan %1%
elF4Ela TCCCTTTCCCTAACCCTCA GTTTTGCTGTCTCGCTTCC Duan 21
eIF41E2 TGGAATCAAACCTATGTGGG GTCCTCCTGGAAGCGTA Duan 45

W % SITE GenBank HHFF]5 ., * . Sequence number of the primer in GenBank.

1. 6 B moNE NS L

T S5 06 i 1) W LR B (Vibrio parahae-
molyticus » 20160303005-1) F H & 7K 7= Bk 22 1 5% e B¢
W AEREGE T ER A . RV IR B35 37 Rk ) TSB 8555
BELEE SRR N 28 °C L1 9% 20 h 24, IR B AR R
FEBAR S ol FH M BRI B A T4

ZETRSZ I o B 2 )5 0L I X T 0 ) 2 B vk B
7 8.1X10° cfu » mL ™", 4K IV B HE AT R 1M 5 BT 2K
BESL . B R A SO IO IS F AR (R X R 4R 4 5 d,
T4 (H) L FJ L CS.HJ . RM Fl Con #) i L3k BUAL
PIXFIF 24 B (F5 4 3 I PAT BAPATHI 8 ) i
SRR 2 JR] ., w0 I R B Y SR R 8.1 X 10°
cfu s mL ™', XFA[RIAL BRAL FLah iR A4 A KRS DL &

FEIG SET IR DL TIL SR
1.7 SWEIESEIT 57

(T SPSS 26. 0 SKPFBRE J7 275 PR T A 5010
BT 617 B2 7 25 5B e Tukey”s 2 L8,
P<20. 05 7KV i 3 B 3RR B X P S48 £ A
= (Mean+S. E. M),

2 4

2.1 PR MERE

WL 3 frms. HI FCS 4L X I A8 2R A 5T 540 31k
11.79 f111. 38 g, 3 & T FQ.RM Fl Con 41 (P <<
0.05), H FQ.FJ] #f1 RM 4 5 Con HZEF A BE P>
0.05), HJ 1 CS 44 ] 22 53 A8 & & (P =>0. 05) ; HJ
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CS AR AR E AR K R B 3 5 T FQ.RM Al Con 4
(P<C0.05), H HJ Al CS ZH4H 8 & #2257 (P>
0.05) . FJ R E AR KRN 5.25% « d7' SHALK A
ZRARPE(P=>0.05); MRS RIE 84% ~96% 2
[i1] . CS il Con ZH W1 % fe ey HIC i 3 25 55 (P =>0. 05) 5

HJ F1 CS 41 X 85 (%) 48 BE 303 2 51 A 84. 14 % F1
85.00% ., B#F = T FQ.RM #1 Con £ (P <C0.05), H.
HJ.CS il FJ éZ 8] LL & FQ.FJ .RM Fil Con 412 ] 2%
SRR E(P>0.05),

R 3 ARERMIMALZ IS L% R A K M RE R 200

Table 3 Effects of different addition forms on the growth performance of P. wvannamei

b IR == FNIN FrEdKFR T R T bcR
Treatment Initialweight/g  Final weight/g  Specific growth rate/(% » d™) Survival rate/ % Feed efficiency/ %
HJ 1.23%£0. 02 11.7940.19" 5.3740. 06 84. 005, 80° 84.14+1.17°
CS 1.2340. 01 11. 3840, 22" . 297+0. 06 92. 0043, 90 85.00+2, 03"
FQ 1.2240.01 10. 7740, 43° . 1840. 09° 89. 334-4. 00" 78. 30=1. 60°
FJ 1.2320.01 11.14=+0. 15® . 2540. 06" 84. 00+ 4. 00° 80. 4442, 84
RM 1. 24740, 01 10. 510, 39° . 09740, 09 84. 0042, 70° 74,9242, 45°
Con 1. 2140, 01 10. 5940, 11° . 1540, 03 96. 0041, 60° 75. 76 1. 09°

BRI R R 22 57 3 (P<<0.05) . HI: RIAERTRTE TR s CS: B I BR TR R 7 0 10 W VAT IR 5 FQ: bR M BR TR 2 1 1 V5 98 FT DR A Bk A1 R I
RM.: JR BRI GG B4 ; Con: X} RZH . Data with different letters indicate significant difference with each other (P<C0.05). HJ: The live cells of

E. faecium; CS: Sonication-killed cell-free extracts of E. faecium; FQ: Fermentation supernatant of E. faecium; FJ: Fermentation liquid of E. fae-

cium ; RM: Heat-killed whole-cell of E. faecium; Con: The control.

2. 2 JHER M E IESF R REIERR

WNE 1A Frzn . HIJFJ A RM 2010 PO W1 B 2 &
F FQ.CS il Con =4 (P<0. 05), Hiit RM £H I 1 5%
W, 29.10 ng/mL, Con 4 3% 7k & 1%, K 21.76
ng/mL, HFT =441 8] JC & 2% 2% 5% (P >>0.05), K
1B 7, HI F1 FJ 2H %y SOD T P 5 s 0 P 40, 43 1) 2
80. 46 11 81. 45 U/mL, H¥K A CS.FQ fil RM 41, H
SOD §if 4 ¥ i 2 5= T Con ZH ) 64.18 U/mL (P <
0.05), 4 T-NOS iFt:anE 1C FrR , 45 4100 JC i 2%
ZS(P>0.05), WK 1D i, CS.FJ,RM, HJ #
FQ 411 ACP 3 AKX 7 F Con 41 (P <C0. 05) , H
PR R RSN CS 4H (31, 98 King unit/100 mL) , ff
)52 Con 4H (14. 93 King unit/100 mL),FJ.RM & H]J
ZHAH AT B 325 5 (P =>>0. 05), AKP W& P& 1E fF
7, Hii CSUFJLRM Al H 4141 18] 625 5 (P >>0. 05) ,
H3X 4 bR AKP 3635 18 3 5 F Con 41(P<<
0.05) . WK 1F iR, F b B4R LZM 36 PR3 F
Con 40 11 25.84 U/mL (P <C0.05), H.tf RM 4 19
LZM i&PEfe i, h 66.92 U/mL, W& 1G fiiw, CS
AN FJ 4L UR A POD 36 1 & 3% /= T RM At HJ 41
(P<<0.05), HiX 4 #411% POD 1% ¥ B3 & T FQ 4
(P<C0.05), H:rft FJ 4114 POD % 1 ft 5. h 92. 22
U/mL,Con 2 ) 7% ¥ & Ik,  47.14 U/mL. K&l
TH iR &AL BT X IR ) T-AOC 15 L5 LZM i

AL, ¥ 527 T Con 4 (P<C0. 05), il M i 1y
F& HJ 21.(0. 57 mmol/L) , i PE AR 52 Con 4H (0. 36
mmol/L) .
2. 3 JTURATRR AR SR B HH X B E RIL KT

WE 2 fizs . CS.FJ.RM #l H] 4 xf8F HSP70 3
RIART Zeih i A H T Con 4H & 3 385 (P <<0. 05), 4%
AR 4H 8] 22 558 .3 (P =>0. 05), LGBP H:[H 44
] A ek B 1 22 575 HSP70 JERAIZEML, 5 Con 4
AL 45 AL BRZH H4 1 28 #2535 (P <<0. 05) . H. CS\FJ.RM
A H] AR IC & 225 (P>>0.05), £&4bHid LZM
FER) A X ik A T Con Al R BEA 2 35 4R &
(P<C0.05), CSZHY proPO FEFF K B s T H
AL (P<C0. 05) , ik v s, FT.RM A1 HJ 4141
B JC & 2 5% (P>>0.05), CS.FJ.RM 1 HJ 4%}
SOD Fe A ik % = T Con 24H (P <C0. 05),CS
T RM 41 .FJ] f1 HJ 4R 25 A8 E (P>>0.05),

WK 3 s, CSVFQ.LFJ A1 H] 4 Iind FE PR AH %}
FKiEEBERE T Con 4 (P<0.05),CS 4H#1 HJ 4H4H
BIZESAEE . FQ UM F] H4lmZ% A 8% (P>
0.05), CSH Toll FEHIN FLFEm. B&EHT
Con 44 (P <C0.05), FQ ZHF1l RM 41 4[] 2= 5 AN Ik %,
FJ 4 H] dH41fb) 22 5 A 83 (P>>0.05), £AbH#4]
Relish JE R B AH X R B & 8% & T Con 41 (P <
0.05),



10 4

FEARA . &5 ESIIAS TR BRI R X LA X 0 A S A R L AR e S B S 1 32 i ) LU e 52

183

W =
S5

By L BE T 1

Phenoloxidase activity/(ng/mL)

o

(=3

/(King unit/100 mL)
5 708

AR B A A
Alkaline phosphase activity
i

HI

HI

PO
CS FQ FI RM Con
AhFELE Treatment
AKP

FQ FJ RM Con
AhFELE Treatment

ALY LA

Superoxide dismutase activity/(U/mL)

BEBIEE

Lysozyme activity/(U/mL)

100

75

50

25

0
=3

o
>

i
=3

=]
=1

o

HI

cd

HI

_ a3
=) g
E . e
SOD 2 40 T-NOS T 40
2 g2
b b £ b #E o
7 #5330 #H.E 30
&35 a a 2 & 2 m¥
o @ B
®WE 29 BE 20
S8 .o
7K w5 53
% 13 7 &3
/ %10 % £ 10
g E]
7. 2 / g
J E 04 2 ol “
€S FQ FI RM Con £ HI CS FQ FI RM Con S5 HI CS FQ FI RM Con
ALFEEH Treatment & ALFEEH Treatment 2 ALFEEH Treatment
G = H
LZM 120 POD = 08 T-AOC
=) =}
4 2 E £
b oo M 2D z
7 H o =z
Z H i 5 g
7 &8 H g5 £&
/ T § = = o
/ &5, ] W E
m E%)
/ | = o gt
. W2 =g
7, %5 B z 5
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[T I =
% &= g 8
5
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L 1 X k] 1
CS FQ FJ RM Con HI CS FQ FJ RM Con © HI CS FQ F] RM Con
AhFELE Treatment AhFELE Treatment AhFELE Treatment

(HJ: RIGERETRE R CS: RIGIREE S BB K; FQ: RIBIRE KR B FJ: RIZIRE LB RM: BRI ERE IR E A Con: I,

TR, FARARFERFERR R 25 5 (P<0.05), FHHFEFEHRRAR 25488 (P>>0.05), HJ: The live cells of E. faecium; CS: Soni-
cation-killed cell-free extracts of E. faecium; FQ: Fermentation supernatant of E. faecium; FJ: Fermentation liquid of E. faecium; RM: Heat-killed

whole-cell of E. faecium; Con: The control. The same as below. Data with different letters indicate significant difference with each other (P<20. 05),

data with same letters indicate no significant difference with each other(P=>0. 05). )
BT ASINASTRIIE 20 BRAZ BR TR X LA XS R i 35 4 DG e 2 i 1 52 M

Fig. 1 Effects of E. faecium in different forms on serum-related immunoenzyme activity in P. wvannamei

N N
< w
1 1

o

X RE R
Relative expresion level
o

0.5

=N

0.0- -
LGBP

LZM
HH Genes

HAP70

CEIOR TR B 2 7R 2 R) 25 57 1 35 (P-<C0. 05) , [l o [] Bk e /s 4 ]
2R AR E (P >0.05), Data with different letters indicate significant
difference with each other (P<Z0. 05),data with same letters indicate no
significant difference with each other(P>>0. 05).)

2 ARRGIRE R ML T LA IR R b HSP70 |

LGBP \LZM. proPO.SOD JEFAH X} Rk 1224k
Fig. 2 Changes in the relative expression levels of HSP70,
LGBP, LZM, proPO and SOD genes in hepatopancreas

of P. vannamei under different forms of E. faecium

2.4 mTOR 5 S EBHEXEEMNRIEKTE
& 4 s, CS.FQ.FJ.RM #1 HJ 40/ TOR
N 4E-BP 3 A (elF4Ela %R DL Jel FAE2 3R 19 AH

3.0 1 EEHY
ZACs
EJFQ
2.5 d NNYFJ
’ 1RM
— [ Con
2
L 2.0
i &
g
®E 154
Fodl !
g
£ 1.01
(0]
a4
0.5
0.0 41— N /=N 4=\
Imd Toll Relish
H A Genes

(P PN [ 7 B3R 2H TR 22 55t ol 2 (P<C0. 05) , Bl v A [R] 7 B 3R 7R 4 [R]
ZRAEFH (P>>0.05), Data with different letters indicate significant
difference with each other (P<C0. 05),data with same letters indicate no
significant difference with each other(P>>0.05). )
K3 OR[EIBR I IR B A IR =X LA o T fe g
Imd \Toll F1 Relish R FIXF 57 HAEL
Fig. 3 Changes in the relative expression levels of Imd ,
Toll and Relish genes in hepatopancreas of P. wannamei

under different forms of E. faecium

W EIK R B EST Con H(P<<0.05), HH,HJ.FJ
A1 RM 419 TOR FePR ik i fe iy, HiX 3 48] i &
XS, HJ 4 4E-BP 3N A MR F kB i m. ikl
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CS I RM 4. 5t elF4Ele 3£ E . H] . FJ #1 RM X 807 b ) E%J
3 L AR X e Bk FLZEL ) 22 5 R 2 O €S = b Sé
I FQ AbFIL , Fode ik it B BT T AT =41, &% T Con 4 60{ ab 5&

Con

(P<C0.05), RM.FJ 1 H] 4 elF4E2 KR B9 AH X %
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P. wannamei under different forms of E. faecium
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Effects of Enterococcus faecium in Different Forms on the Growth Performance,
Non-Specific Immunity and Disease Resistance of Penaeus vannamei

Tian Xiangli', Liu Yunhui', Liu Yijun', Wang Shishuang',
Luo Kai', Liu Yang'. Qin Guangcai' » Fan Ruiyong”
(1. The Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdao 266003, China;
2. Qingdao Ruizi Marine Engineering Research Institute Limited Company, Qingdao 266408, China)

Abstract: In this study, we evaluated the growth, immune and disease resistance of Peneus vannamei
fed diets supplemented with different forms of Enterococcus faecium including live cells (HJ).,
sonication-killed cell-free extracts (CS), heat-killed whole-cell (RM), fermentation broth (FJ),
fermentation supernatant (FQ) and the control (basal diet without E. faecium ., Con) for 42 days. The
results showed that the survival rate each diets ranges from 84. 0% to 96.0% while that of con is the
highest, and there was no significant difference between Con and CS (p>>0.05). The minced shrimp
body weight and specific growth rate of HJ and CS were significantly higher than those of FQ, RM and
Con (»p<C0.05), but not between these groups and FJ (p=>0.05). Compared with Con. the ACP,
AKP, SOD, PO, T-AOC activities and LZM content of F]J, HJ and RM were conspicuously higher
(p<<0.05). The ACP activity was the highest in CS, the AKP activity of HJ, CS, FJ] and RM was
significantly higher than that of FQ (p<C0.05), and the POD activity of CS and FJ was significantly
higher than that of H] and RM. The transcript abundances SOD, LZM , proPO, LGBP and HSP70 of
FJ, CS, HJ and RM were conspicuously higher than those of Con and FQ. The transcript abundances of
Imd . Toll and Relish of F]J, CS, FQ, HJ and RM were conspicuously higher than those of Con (p<C
0.05). The transcript abundance of Imd of HJ and CS was significantly higher than that of FQ and FJ
(p<<0.05). The transcript abundances of Toll and Relish of CS were the highest (»p=>0. 05). Along the
mTOR signaling pathway. the transcript abundances of TOR and 4E-BP of FJ, CS and RM were
significantly higher than those of FQ and Con (p<{0.05), and those of e/F4E1a and e/F4E2 of HJ, FJ
and RM were significantly higher than those of CS, FQ and Con (p<C0.05). The challenge test of
Vibrio parahaemolyticus revealed that the cumulative mortality of CS was conspicuously lower than that
of Con (p<C0.05). In conclusion, the live cells and sonication-killed cell-free extracts of E. faecium
improved the growth performance and immunity of P. wannamei. Sonication-killed cell-free extracts of
E. faecium can be applied as a potential postbiotics to improve the growth, immune and disease
resistance of P. wvannamei.

Key words:  Enterococcus faecium; Penaeus vannamei; feed; growth; immunity; disease resistance;

postbiotics
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