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HE AHE 5 LA T EF (Penaeus vannamei) 38 1 6 1 8 3 ARE % a A£ W . A E F AT
H (Bacillus subtilis). & [ 2 ¥ (Enterococcus faecium) 1 B 8 B £ (Saccharomyces cerevisiae) Vg 7 K B
Bk, AAERERMMEATHRRBEARNN T Z 56, SFRT T KB LA XTI & K M A
B KRN, EERARSANNERMER, B LN AL BR AR HRELE WK 1% :
1% : 1%, BEXERELBRANESEABRABANRXBEL. AL, KBHE, RE3A4N
BRABEANPH KA, RAFART4 . BRESBEERGAN I L4, SNERABARLAE
28 AL, HRET, LMW EER, BHEFMHEEKEAW R A5, pH R KAMR
B AR A R R LR B F T H(P<0.05), 1k pH AfBEER QAW RRIEHA LS, B
HEREFR A A ELAE =5, S BAMEL, BRESBAFEREMEEAH., 5
g M E A E(P<0.05); S A BEAn M E, BREAKE /NN BRES B, (X pH 4.
A E AU, Pen3 1 Crustin 2R KA W B 75, THE Pen3. Crustin 71 ALF £ k¥ T F 5
T B 4L(P<0.05), EXBABARERNFENARE, TR, BEM 3 BNABEL
TIRA pH R4, RAZAREA. RIS ERE 4 3 My R BE R B4R & LA 8T
By A KPR A R B KT, B AT BRI S M AT 1R O L AN e I A R B R R B A R
K LI EAmAE; KBEH;, TZMhM; K&k, £EIR

FESES S968.22 XEFFRIES A XEHES  2095-9869(2025)03-0202-10

Bifi % 45 29 A0 K 7= SR B R PR & JR | X K P e
ok H K BRI AR K s i, mik
1« = B 0 ik R R B4 O ok 58 1 (Wang et al, 2022a,
b); [FIET, Bl Bk TR N Bk D, Ik =Rk
AW Bk, AR TR SRS Bl
R EEBREAR, RHESAREPUEREFA
FIF K= S I AR s, 7™ 5 e K ARDRH Y g
(Perry et al, 2020; Infante-Villamil et al, 2021; #X 53,

2008). i A= TR R BEAN U RE A ALK AIAR P M & R rp
FIPUE TR T, WA Z TH AR K o+ 8 AR W/
FEA . INMEIERSE, B84 BE 206 M 7 an
RMEZHESE, BAPUEM . RBEiEPEridi e al, 2018;
Peasura et al, 2016)FI{& 4" 718 W) DI RE () 22 4%,
2022), HAET, KEEFRRIZ KRB SEE, AN
KT Sl ) i 1 e B 2 AR W T R R A O A
5/ (Li et al, 2020; Rahimnejad ez al, 2021), HZ K th
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[/l % WA T A &% % (Wang et al, 2019; Hao et al,
2014),

ARWFFE 3% F LGN X EF (Penaeus vannamei) i 18
T E A S AL A TR AR 2R AT B (Bacillus subtilis) .
PR W BR B (Enterococcus faecium) F1 [t 1 B +)
(Saccharomyces cerevisiae)VF R KW BE, Hirp, #h%E
2 AT RN R 9 B 2 L = 7 Z2 R I AL B A R
RIGIRE RS /W ALIR . CTRAFIRIEDI T, KL pH
HIEE e S5 (R A, 2023), @i B2 1k
J XTI Bt A8 T 2025, AR A 3 A e U ]
BHpH BN . BRIV HE 1 By 41N R 1k 2 0 B e 40
MG, TRIC A DEEGT FLYA T I AR 1 e A A= 2 1)
ROIVERT, LU XTIR A & 45 AR T R BEIRDRHE AR &
5 TR R AR S

1 HEFE
1.1 KIewr#t

AL et 0 R 3 v 7 326 15 28] oo R0 2 A TR R« A
ZEFFT R (SDVGBIS) . BRI ER & (SRV G X 7) Fll i 115 %
BE(SLVGY7), ¥IORAF T v B R 2K = sh ) R 5
A FRAEAIE S S BRP R, 3 R A T A R 38 R LA S Il
H:rh, SDVGB98 Il SLVGY7 /=8 B . JE M B A
R WM, SRVGXT RERS 73 Wb FLIR S5 ™= P R AIK pH,
It BE 0 1) vy 2 LSO TA (Vibrio harveyi) . ¥ ¥ 9K (V.
alginolyticus) . BIVEIMINE (V. parahaemolyticus)%5 )%
JEH

S I LA X IR [ 110 AR A8 S T X iR SR 3
X R € T H ARG I, PR M (1.0120.05) g,
KK R (3.7540.25) cm, SCIRHTEFE 7 d. FRAEMIN],
KR M (23+0.5) °C, #hJF 28, pH M 8.1, HLLFEA,
H¥oK s 1/3~1/2, HIEM 3 &, HERE XTEF
R 5%, MG IHO0E S35, L 30 min N4
HIZ S RUE o KB IR A I FLAN KT IR BEAL A L 2 12 A4
70 cmx55 cmx30 cm WY FEFEAE T, AROKIAK 85 L,
MIKFEFRIE 60 FBXTUR, SLIGFRAEE I 28 d, FRAH
KSR FRAIEHIR
1.2 EABEHREBEARHEMLGIHHEE

S TR X U 8 2 Bl AR R A K R R AT
FRAF =, ¥ SDVGB98. SRVGX7. SLVGY7 %
B 1% (VIR T 2216E RAEFHE . MRS Wik
Rigidk | YPDA WUARREFRIE P I AL il & AT, K 3 B
R ORI = | B L 5 o B 7 S
1x10° CFU/mL. it 3 NZE 3 k). 3 KF (Bt

PRl 1%, 2%, 3%, BPBEHEER 1x10° CFU/mL
B 3 BREFRIZEIRFIE 1%, 2%, 3% & M E A #iid
THH B IE A LI AT 52 A TR & B i bk T PR B A0 i
b, IF Lk 9 B G RBEHFRKEE R 10 0.6 4
FUMAF] 100 g FEAibimk, HHKE 3 MEE, 7
35 C T Al 24 h, IRIFEA . RIEZ & =g
b, B0 2 e ) A g A T o 42 o i EL 491

13 EARHRAEBAMIZEGHMRL

e PR SCs i sEat , alad 3 R (CRERRE .
BOKL . REERFE]) 4 AKCPIERE S, Hrf, EEAR
JE(5C,25°C, 35°C, 45C), Bk : 04, 1:
0.6.1:0.8.1: 1), KFHE(24h.36h.48h.60 h),
Sy B A AR T A& e, UL pH
HMREEA . RIEZHE S8R, il E5W
KRG A 5. AR pH EIE S % Wang
(2020077, TRV R IR T 22 W8 5 1 i I 2 43
2% Zhang %(2020)F1 Bitter 5 (1962)/) ik, H
EAEGT

PRI A & Hl e . B e FES 2.00 g, IMA
B 25 mL 15% A LREW R 50 mL BL.0E T, IR’
G ¥4) )5 %8 30 min, LA 4 000 r/min 20> 10 min )5,
W VW 10 mL T34 5 g MR (KSO, ¢
GuS0,=9 : 1)FI 10 mL WRELFRIH L T, Skl
WAL, YLK E A% (K eltec 8400 AUHIL T E AAYL)
ME . S5RLABTE 3 8(%) R, BACHIREE A b
R R E

R Z W5 & e . B S HIEAR I 4, MR
100 pg/mL HEEEFRIA 0. 0.2, 0.4, 0.6, 0.8 Al 1.0 mL
T 10 mL BB LA T, S8 MUKE 1 mL. fEVKiE
WA BRI 0.0125 mol/L 1Yl Bk &M i R 1A &
2.5mL, JR¥EIRA . FfJE7EBR KR h &S 10 min, H
VKIBREN =, 4IMA 0.125%MREIE K £ BEEs
W 0.1 mL, $FE25))5, 7K &R 15 min, A%
FPELIJGTE 530 nm AR E WO RE o IOHHE P R VA 5 Ry A
As bR, WG BE A 9N AR bR 2 I AR ME B 2R
$=0.590 6x+0.012 3, R*=0.995 9, FF il % i} & e fi
HEESL 2.00 g BT 25 mL Bk, 40~45 TR
5~10 min, 12 000 r/min &5.0> 15 min, &R0 A4
OB BEJS AL 1.00 mL $2 50K T 10 mL BEF b (55
H, DU AR BRIR R ME I & AE . S5 R D 2Tt I
I A J5T H T B A R M 22 T i (ug/mL)3RIR o

14 EEAMHNESIRSA

P pH . MRIFER T iRm . RIEZSHS



204 woo B o M R %46 5
IR R R, KA @45 Oy HET 24h, 163 B aml 2k R Zhang %

FHAKIMET 10%. HETFES L 60 B i W5 34,
TF20 CUKFE R ARk Ak 2 6 &
1R, X HRZHFEMEIERIERE, 08 C; 3 R4y
S pH Bl . BRI B A B i AR 22 W o v 1
Wl , 0o F1. F2 A1 F3; X BRZH FISC o6 20 Bk i
3ANFAT

15 H&EH&E

BARES S 3 AT, BAPATA RN 15 2
XU, FH A PUsE ) A JC TR T 5 s DA =8 il 52
FEBOMAR A 5 mL, JREJE—&B5 F T I 240 A
WA 2, TR T 4 CF 800 g B0,
WOTIEM A 2 mL Trizol i#], #T 4 °CTF 12000 g
B, WU VR T S i 7 0 G R DR 3R R A T
BEAN AT A B I 1 % SR 1 — 2 fige ) T i R
L, RRAR PR 15 X I 04 IR AN i T TR A R
H—AFAT, WA T-80 CHNRE, T
AT P 18 00 5 o

1.6 SEIIEHREIIIE

161 ARKBEANE T E  LHIFRMA R
F 43 RSO0 RSO R G | R A R IR i
(7] Ao 8 57 e 2 A O ) 43¢ M AR 2 AC B2 1) 5 7 o X
WR A7 15 2 (survival rate, SR, %) . 1 & %% (weight gain
rate, WGR, %) . % & 4 K % (specific growth rate,
SGR, %/d). ¥} # % (feed conversion rate, FCR),
JIT g iR 48 %% (hepatopancreas index, HSI, %). EXR
(feeding rate, FR, %/d)35 5 b i T B AT .

SR = N,/Nox100:

WGR =(W—Wo)/ Wyx100;

SGR = [(InW~InW,)/T]x100;

FCR =W/(W~Wy);

HSI =W,/Wx100;

FR=W,/[(Wy+W,)/2]/ T* 100
K, N Ny 0l R4RAETE REC. witness w..
Wo 53 i F AR IR B ()« IR IR T (2) 5
T R RN RI(d); W RREEE(g); W, AT
it (2)o
1.6.2 sTIFARR oM E 7 ik K 3B i 0 2 SR
FH 105 “C LR 1E E T4 1 5 HLER 1 & s I R B
ICRE Ak s ML 7 2 1 i I e R A 2% X B (2 Tk
ALY s UK A3 B i B I E R D g e R e i
(550 °C, 12 h).

(2020) 4 5 I 7 FF I RR AN i 1 2R B . D R AT TR
S, AR A D e R % s s B TS
PELAHE WG 1R, BIE 7 5 /mg prot.
1.6.4 SR IEAT M E AL 298 L ) R
M ERATE, I 20 B W R A I 2 2 ] Yue 55(2010)
T

fdi ] Trizol R0 $2 BUALZH ML FI i B RNA, £
TR W R I L, Tk FI NanoDrop 2000 K6l RNA S % e |
4l FE R B . I EvoM-MLV 4% S HR ik &4
% cDNA #4g 5, {# ] 2xSYBR Green qPCR Mix i
F75E0EE it PCR. JERMGIHFHI 0L 1, A TAE
PR A BR A () BB, Lh B-actin NS HEH
it 2T P AL PR AR X ek o T A B A
PERG I CHEILIN . B IK(Pen3 . Crustin fl ALF) ., ¥
A B(LSZ) M AAE K 46 40 2 -16 (IL-16) . Jih
FEYRAE I T o (TNF-a) LR F2k

®1 AANKEEERSASER p-actin 5| ¥ F 51

Tab.l Primer sequences of immune genes and internal
reference genes S-actin of P. vannamei

5% Primer J#%1 Primer sequences (5'~3")

Pen3-F CACCCTTCGTGAGACCTTTG
Pen3-R AATATCCCTTTCCCACGTGAC
Crustin-F AGTAGGTGTTGGTGGTGGTTTC
Crustin-R CAGTCGCTTGTGCCAGTTCC
LSZ-F GGGTGTGCATCGCGGAGTTCGAGTC
LSZ-R GTAGTCGCTTCCGCACCAGT
ALF-F GGTGTTCCTGGTGGCACTCT
ALF-R AGCTCCGTCTCCTCGTTCCT
TNF-a-F CTCAGCCATCTCCTTCTTG
TNF-a-R TGTTCTCCTCGTTCTTCAC
IL-16-F ACGGAGTGTTGTGCCTGTTT
IL-16-R CAGGGGTCATACCGTCTTTC
p-actin-F TGGACTTCGAGCAGGAGATG
p-actin-R GGAATGAGGGCTGGAACAGG

1.7 HEBEREESZIT 5

PR SEE BRI L 3 A AT AR 0 7 Y (A bR
125 (MeantSD)RIR , A& B TalR} & F 22 LL () F0 T2
ek 2 I 2 J5 2243 Ft (multi-way ANOVA), XHF
i) 3% 5296 T A5 48 A A BRL TR 3R 5 22 43 BT (one-way
ANOVA); ZH LKA Duncan £330k #1401t
I3, WEVEKE R E N P<0.05. SER S B4 B iy
K SPSS 25.0 # Ak 14T .
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21 EGEMEBAMEMILASLZBETZMNAWL
&R

Wk 2 iR, fERFRIRIE N 35 C L RbKEE N 1 :
0.6, KFEEWIME] 24 h AUZMFET, 3 PRas A WKW I ik
FEHN 1x10° CFU/ML, ¥ 1% = 1% : 1% 80 Fe )it
R TR B R VS A AR PR 2 W S Y i o IRl &2
AR MR LR, FERBRIREE 35 °C L RbKE

12 1 KEERFTH] 60 h B, & AR pH {H (IR (P<0.05) ;
TERTRIRIE 35 °C 7ERKEL 1 2 0.4, K FERTRIN 36 h,
SRR R VA 2 11 % B A 1 (P<0.05) 5 TR & IR B
45 °C . BUKE 1 1, KR 24 h B, & B R
PR 1 22 M 1 i B e (P<0.05)(3 3).

2.2 REEGRREXTFL XS ER A A 1 BE RN AL 53 B S0

4 BoR, S EEERE AR SR, WGR .
SGR 18RI B i T %t B2, Hob A% pH 2 My i

R2 ECEMRRBAPEMEEOEZMALER

Tab.2 Results of orthogonal experiment for optimization of inoculation amount of compound probiotic fermented feed

20531 PR R A VR o ] T TP % [l7aragi e 1% 1 22 H
Group E. faecium/% B. subtilis/% S. cerevisiae/%  Acid-soluble protein/% Acid polysaccharide /(pg/mL)

1 3 3 1 1.63+0.32% 2.70+0.39°

2 1 2 3 2.10+0.04¢ 2.60+0.61%

3 3 1 3 1.63+0.10" 1.59+0.38°

4 1 3 2 1.42+0.18% 1.70+£0.11°

5 2 3 3 1.81+0.18° 2.90+0.40°

6 3 2 2 2.12+0.19¢ 1.98+0.15%

7 2 2 1 1.20+0.16° 3.57+0.56¢

8 2 1 2 3.26+0.04° 2.84+0.14°

9 1 1 1 3.27+0.10° 4.94+0.37°

e [F—F R DAR PR A s 28 55 .35 (P<0.05), Tl

Note: Different superscript letters in the same column of data indicate significant differences (P<0.05), the same below.

%3 AEMEBAMIZESRULER
Tab.3 Results of orthogonal experiment for optimization of fermentation process of compound probiotic fermented feed
ol 23 303 L 23 M A7
éﬂﬁu Zi@‘&%‘lg ) *‘I’ﬂ(tt ) Zi‘@ﬁj‘rﬁ—] Eﬂ(’ﬁ‘EH . @‘ﬁwl‘ééﬁ ]
Grou Temperature/C Ratio of material to Time/h pH Acid-soluble Acid polysaccharide
P p water/(g/mL) protein/% /(ug/mL)
1 25 1:1 36 6.86+0.03" 1.95+0.30° 2.93+0.33%4
2 25 1:06 24 7.14+0.02¢ 3.28+0.01%¢ 4.44+0.26%"
3 45 1:1 24 7.15+0.02¢ 3.30+0.37%¢ 4.98+0.08"
4 35 1:04 36 6.76+0.01%¢ 4.29+0.12° 3.94+0.54°%
5 35 1:0.8 24 7.16+0.028 3.75+0.04° 3.51+0.33%f
6 15 1:1 48 6.83+0.01¢ 3.41+0.12¢% 3.37+0.23°%f
7 15 1:04 24 7.13+0.018 3.63+0.04% 3.25+0.12¢%
8 15 1:06 60 6.78+0.01°% 3.44+0.46°% 3.05+0.14%¢
9 35 1:1 60 6.62+0.04° 2.98+0.03° 2.08+0.02°
10 15 1:0.8 36 6.83+0.01°¢ 3.52+0.40°% 2.3240.19%
11 45 1:0.6 36 6.78+0.03°% 3.29+0.11%¢ 4.07+0.52"¢
12 45 1:0.8 60 6.73+0.01% 3.17+0.02% 3.25+0.91°%
13 25 1:04 60 6.72+0.01° 3.48+0.04°% 3.07+0.21%¢
14 35 1:06 48 6.79+0.02% 3.52+0.04°% 2.80+0.09%¢
15 45 1:04 48 6.74+0.01%¢ 3.44+0.03°% 3.55+0.81%F
16 25 1:0.8 48 6.79+0.03% 3.57+0.09°% 2.7240.25%¢




206 W B R 55 46 &
B R BB XTI AY FCR 3% FEZH Y B R % 1% TE T AR BT 5 0 REZH A L A B 22 e, LR
pH 4. BRVHE VA AR T 45 5 0 BRZH LA & 1 J B8, A TG R AAE RR PR 2 W5 20 10 2 T 55 (P<0.05), T
2 5(P<0.05), i fRYEZ 4 50 R4 oA 1 25 5 i 1 A S PR 3 v T R ZH (P<0.05), HLAIK pH
ik pH A5 5 X A AT W #1E2 5(P<0.05). iR BRI ZE4158, I pH 4L Ry 8 H 4l
S5XPEAMLL, Al XTERK & mY R E TS JHFIBRAR . P T E oy TS 35 Bk 2 5 T 0 BR4H.(P<0.05),

(P<0.05), {EHIIEHI SR TCHEES
2.3 HEARIT N g3 8 1L B i 1 A 220
AR 1 AT L, 4% S B Ak 4 ML o R A g R

DM pH 4 M A% pH 41 FIRRTE 22 W20 1T J e
TR V5 & A 4 8 s o O M 2 W T R R A
(P<0.05), HAh &R S5X A2 R AR E.

R4 REEGRAXS A3 ER A KM BE RN R B 53 B 20

Tab.4 Effects of fermented feed on growth performance and body composition of P. vannamei

25| Group

i H Items

C F1 F2 F3
H K S8 Growth parameter
196 % SR/% 89.22+43.40° 96.08+1.70° 95.10+1.70° 92.16£1.70%
B E R WGR/% 135.3947.95% 170.66+10.67° 164.45+4.26° 164.95+14.78°
FEE KR SGR/(%/d) 1.01+0.09* 2.1840.06° 1.7620.09° 1.7240.13°
Rl AL % FCR 2.97+0.09° 2.00+0.13° 2.20+0.09* 2.66+0.23"
JHF 5 iR 46 B0 HS1/% 5.38+0.23* 7.46£0.04¢ 6.52 +0.01° 5.67+0.33%
BB R FR/(%/d) 2.29+0.30% 1.81+0.07° 2.054+0.01% 2.57£0.00°
1R 143 Body composition
7K 43 Moisture/% 66.13+0.01° 70.76+0.01° 70.32+0.01° 70.50+0.00°
HLZE 1 Crude protein/% 21.56+0.37° 19.03+0.26° 19.63+0.23% 19.4+0.38°
HMLAE WG Crude lipid/% 0.48+0.00° 0.49+0.00° 0.49+0.04° 0.49+0.02°
MK 4y Crude ash/% 2.97+0.07° 2.67+0.00° 2.98+0.04° 2.77£0.03"

T R 178l EAR BN R R 26 53 W35 (P<0.05)

Note: Different superscript letters in the same row of data indicate significant differences (P<0.05).
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Fig.1

Effects of fermented feed on hepatopancreatic and intestinal digestive enzyme activity of P. vannamei

A JIFBRAR B B i T AL

A: Digestive enzyme activity of hepatopancreas; B: Digestive enzyme activity of intestine.
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2.4 REERRIITFLGY T B 5% B 6 4R

sbA

H T 2 AT, 2% S B ADRE A ML) o 1 40 B KSR |

A Wi FNE TR BRI A 3Rk 55 0 REZH B I Bl 22 5, T
B JRa SR AL IR F-a0 (Tumor necrosis factor-a, TNF-a). [
MMA22-6 (Interleukin-6, IL-6)FEH 235 5% FE4H 2=
SR H, &R B A . AR AR
F/NAERTEZ A . K pH 41, BRI H, 1m4i
YLH K Penaeidin 3 (Pen3). Crustin :HF£ILAH T+
#H, Pilig £ KA F (anti-lipopolysaccharride factor,
ALF) . % 1 i (lysozyme, LSZ)FE [ 3k 5 X} BB 2 To 2=
S, 1A IE ST BRI R B LSZ FEH AN, AT E K
SEIH ik 3 T R A1(P<0.05), AR M Z W4
Penaeidin 3 N o

>

3 itig

31 EAEMRABESZMGRML

AR TR | LI T R T B R T R A 0 1 ]
5 A 18, W BHDRAE N B2 5 T8 K BEIRDEL . 35 Wang
FQOIHMIE, TEIREER 40 CH,  Hmg PAEE Bk
(Streptococcus thermophilus) . ¥ ZEHIFFEH MA139
TRV TR Y P 20 1Y) 52 6 g 2R TR R R B K 4 i
60% TR, R LA Y e B ) A E A Polak-
Bereck %5(2014)W5¢ W, = [CELFTF I (Lactobacillus
rhamnosus)TEMRE R 37 “CH, MM Z B &0l 5k
210.28 mg/L. il it IEAZ S5k SDVGB98 . SRVGX7T .
SLVGY7 4 ai kBB RH AR EE . BUK L
RTERFR], K45 3 AR BEXT IR pH BIRA . 12

B

[ C mFl F2 [ F3 257 mmc mmFEl F2 [ F3
~ 16 + °
LE: d E 20 [
a 14 | . <;> ‘é, c
) g b
s 12) ¥ g
= § 12 = b W 815 ) a
2o S
= 10r = =2
25 g8, ®
®E 8| =g <A>
E X g
- [e]
|l Ay
4 L
c | 1 | B2 | B | 0C|F1|F2|F3|
¢ Il #f il Hemocyte %3k Intestine
-7
— ALF a a a a a c b b p
Pen3 a ab b ab a ¢ b d -5
AP -4
LSZ a a a a a a a a -3
-2
— Crustin a b a b a ® b b Ll
-0
— L6 a a a a a a a a
IF
— TINF-a a a a a a a a a
lc|n || B]| [ c|]8n|[r]|mB|
B 2 APk L4 Xt B i 40 B A0 g 38 G g B AR BR A 52 I

Fig.2 Effects of fermented feed on hemocytes and intestinal immune defense indices of P. vannamei

A SMANAEECE ; B: MANMARNERR; C.o I 4 MR 3 b R IR SE PR OGS BE R Gk
(AP: PUHIK; IF: RAEHT).
A: Total haemocytes count; B: Phagocytosis rate of haemocytes; C: Expression of key genes of antimicrobial peptides and
inflammatory factors (AP: Antimicrobial peptides; IF: Inflammatory factors).
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R A Rt 2 R Em 4D Y Z BERE JRPK
KIERTE], X5 _FRFSEnE A AN, 325 K TR b
S TR IO ORI i T A ) S FR bR A5 K

REEAE mRE S A . I pH. MR DI
SRR AT R LA FE bR, A BFRR R,
FiR M 22 i T 8 5 S0 8 D388 (Xie et al, 2007; Shin et al,
2002; Zhang et al, 2018), {HARU R Z W00 ik £ )5
PR THEHU(Lee ef al, 2013). a5 K )G $HU(AI et al,
2020) % i FF R 16 5 2 B (Nataraj ef al, 2023)%, 4
UK T 1k 22 WBAE R PR 48 A B FH F 3 25 46 1R R 1
ALBI A CHGE . I, AR ER: pH. BRVEE A
FIR M 0 & VR AR A, W R AL S TR
Pk R X B 25 58 P B L FH R o

BEREABAM AN ERKEERS R
2 B 1 Th 3L

A M i A T O AR, 3R A Sl T A T PR AR
KA U BRI E, He 45 (2021) % HIOK il 5
(Aspergillus oryzae) K& B K B $% M 28 &2 A 3 fa
(Epinephelus fuscoguttatusQ x E. lanceolatus3)%) i,
R L e R 2H T A Tl % 1 B S T Aok X R, HL
ANEEWHUARE TR T )T EF(022)WF5E R
PR AT A 25 H AT T (B. cereus) YB1 FOARDEL AT L) 4
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Optimization Process of Compound Probiotic
Fermented Feed and Feeding Effect on Shrimp

ZHANG Guotao, YU Xin, PAN Luqing®
(Key Laboratory of Marine Aquaculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract

In this study, three efficient probiotic strains, Bacillus subtilis, Enterococcus faecium,

and Saccharomyces cerevisiae, isolated from the intestine of Penaeus vannamei, were selected as

fermentation strains. This study focused on optimizing the process conditions of compound probiotic

fermented feed by orthogonal experiments and investigating the effects on growth performance,

digestion, and immunity function of P. vannamei fed with fermented feeds, with the aim of improving

the nutritional performance of the compound feed and establishing a fermentation technology for

shrimp feed. The results showed that with an inoculation ratio of the three strains of 1%:1%:1%, the

process conditions of three efficient fermented feeds (the lowest pH group, the highest acid-soluble

protein group, and the highest acid polysaccharide group) were obtained by optimizing the

fermentation temperature, water ratio, and fermentation time through orthogonal experiments. During

the 28-day feeding experiment, shrimp fed the three fermented feed groups exhibited an increase in

survival rate, weight gain rate, and specific growth rate. The lowest pH and highest acid-soluble

protein groups had significantly lower feed conversion rates (P<0.05). The hepatopancreatic index of

shrimp in the lowest pH group and the highest acid-soluble protein group increased significantly,

whereas there was no significant difference in the crude lipid content among the three fermented feed

groups. In addition, the protease and amylase activities of the hepatopancreas and intestine in the
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highest acidic polysaccharide group increased significantly (P<0.05). Compared with the control
group, the total hemocyte count and phagocytosis rate were the highest in the highest acidic
polysaccharide group, followed by the lowest pH and highest acid-soluble protein groups. The gene
expression of Pen3 and Crustin in hemocytes increased significantly, whereas the expression of Pen3,
Crustin, and ALF increased significantly in the intestine (P<0.05). However, the expression levels of
inflammatory factors did not differ significantly among the three fermented feed groups. In conclusion,
the three fermented feed groups, obtained by optimizing the fermentation process of the three
probiotic strains, significantly improved the growth performance and immune defense level of P.

vannamei. After comprehensive evaluation, the acidic polysaccharide group was found to be the most
efficient fermentation feed for P. vannamei.

Key words Penaeus vannamei, Probiotic complex; Fermented feed; Process optimization; Growth
performance; Physiological efficacy



