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Abstract

To evaluate the preventive and control effects of compound probiotics as an alternative to antibiotics
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in aquaculture, GIFT tilapia were used as the experimental subjects. Three groups were set up: the
control group, the antibiotic group, and the compound probiotic group. Growth performance, serum
immune and antioxidant indices, intestinal morphology, and survival rate after Aeromonas hydroph-
ila challenge were determined. The results showed that compared with the control group, the weight
gain rate and specific growth rate of the probiotic group were significantly increased by 23.56%
and 19.47% (P < 0.05), respectively, while the feed conversion ratio was decreased by 12.73% (P <
0.05). The activities of serum lysozyme, complement C3, and superoxide dismutase in the probiotic
group were significantly higher than those in the antibiotic group (P < 0.05), and the malondialdehyde
content was reduced by 31.58%. The intestinal villus height and villus height to crypt depth ratio of
the probiotic group were superior to those of the antibiotic group. The survival rate after bacterial
challenge reached 82.22%, which was 13.33 percentage points higher than that of the antibiotic
group. These results indicate that compound probiotics can effectively replace antibiotics, promote
the growth of tilapia, enhance immunity and intestinal health, and improve the survival rate under
disease challenge, thereby providing a scientific basis for the development of antibiotic-free aqua-
culture for fish.
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1. ¥R 55%
1.1, IRIEHR

G AT HRGB S fAT R (Bacillus subtilis)~ HAK 5 fFF T8 (Bacillus licheniformis) "] FRAR P& (Clos-
tridium butyricum)% 1:1:1 LB BCHI B A 6155, GR0EREE >1x10'°CFU/g, HAEAEDRHEARA A
et

PUAER: AR FETURA(10%), 1 HFKEHER AR, £i6 K7 FR5H5 & 245 BT (SCT
1077-201 1)bR#E[ 1]

IRt IR E 9(25.32+1.26) g MR & 2 60 360 &, W H RS JF 0 BF H i,
REAT T TR RS, ENIEE 14d, AR ERR, #ORCmRgy. e IEw.

BURH: KSR (deromonas hydrophila), R E RV EFE BRI FURTIRAE, £ 28°C. 180
r/min $ERKGFE 18 h J5, RIS 1 x 107 CFU/mL, AT X EA5[2].

1.2. Rt

K e ABENL ST, K 360 iR MBENL Y v 3 4L, B3 ANEE, HAEE 40 B, FRE TR
300 L [R5 T2 BB AN FRGE A T

o WPHEZH. PRMRERGHIIR, BCU7NEORY 15%. M 25%. SR 20%. THRY 20%. I 3%, BEER
AAN 2% TUREL 5%, MHEHEE >32%, HEN >6%.

s PrAERH: REREHE + KB 10 mg/kg, %K= RPN

o WAEEM. FEAEHMR + EAWAERE 1 x 10° CFU/Kg, #HE & EH 5 R H R 78 2018 51 G kL

o
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IR A T2 HI (3]

IR 56 d, FEFEIIAI IR S HITE 26°C~28C, A% >5mg/L, pH {H 7.0~7.5, HHH#HK 1/3,
BMR RN AR 1) 3%~5%, R B B3 IR, DRI EB ST R
1.3. ¥5¥RNE

1.3.1. EKMsE
RGN G, 250 24 h, BEME, THHEIHERWGR). FrEAKHE(SGR). 1kl ZE(FCR):

I, ~InW,

sGR (%)= U1 ’tn )100%
o s
W, =W,

Hep, o ARIIRIREE(g), WNEREHE(), I RE(d).

1.3.2. RESRENER

AN EERHLIE 6 B, FEEKRM, 4CHE 30min J5, 3000 r/min &0 15min, & IILE, —80°C
TRAFE FH o SR FH i 0 A ) AR S Bk, 005 LTS VS R (LZ M)« #MA C3 . UL YD AL (SOD).
N (MDA S &, R a4 B R S i B AT

RAEEREHLE 3 B, SR, BUPE 2 om B, 4% REEEEE, WABK. A
WL Y5 pm), FRAKS - HLL(HE) et . K Image-Pro Plus 6.0 BG4 24, MEHEBEE. BE
REE, MRS L (RTE = BB R ), B FEARRENLEE 10 572 B kB #4702 [4].

1.3.3. BIEMHRRE
WRIGLE T, FAEEE 30 BIERE, S 1 x 107 CFU/mL RE/K B M B % 0.2 mL/JB, %)
ML S S R A B K . O R AR R IR B, WIS 14 d, DR HAET HRE, i EiErR
A2 [5]:
W 1

vE32%Z (0o — - o
G (%) eI x100%

14, BIEALHE

TREG B K A SPSS 22.0 B A48 4T HL IR 25 77 22 43 T (One-way ANOVA), Duncan (K% 5 U0 56 21 ]
ZRBEM, P<0.05 NEFEZE, SR CFHE £ EE” RN,
2. HREN
2.1. HEAcMHRE
A A E N E P R A KRR R K 1,
& 1T, SHVIRRELEZEZEREP > 0.05), REEF M. SAEFMHLRAR, HER,
K B KR EZE S T IRA S A RAP<0.05), FXHHRADHIRTE 15.94%. 23.56% 19.47%; ik}

FHUEZE FK(P <0.05), B IR 12.73%, Bt RAPEK 4.64%. P RA A KRR T X R4,
ERTFRAEREM, RHUEARERRERKIRMN THAER6].
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Table 1. Effect of compound probiotics on the growth performance of Oreochromis niloticus

# 1. EAmERNTESTFEE KRR

5 WG /g KRR /g B /% FEE A K H/(%/d) kL R %
it HEZH 2524131 78.56 + 3.24° 210.74 + 8.65¢ 1.71 £ 0.06° 1.65 +0.07°
buERA 25.35+1.28 85.42 £3.57° 237.06+9.12° 1.85+0.07° 1.51 +0.06°
AR A 2531+1.29 91.08 + 3.86° 260.38 £ 9.76 2.04 +0.08? 1.44 +0.05¢

i FSAR/NS ZRRRZE R B3P <0.05).
22. RESHENIBIR
G A B B P R R S R TR AR R L 2.

Table 2. Effects of compound probiotics on serum immune and antioxidant indicators in Oreochromis niloticus

F2. EEmEENBEETEEMBRESHENIERFNT

21 5 YA BE/(U/mL) tME C3/(mg/mL)  EBEMAMEAE/ (Umg) N E/(nmol/mg)
X REZH 32.45+2.16° 0.78 + 0.05¢ 68.36 + 4.25¢ 7.65 +0.48
AERHA 38.72 £2.58> 0.92 + 0.06° 79.54 £ 5.16 6.12 +0.39°
amAEREA 45.69 +3.022 1.07 £0.07* 92.37 +5.84° 5.23 +0.32°

i RSN ZRFRIRZE R B3P <0.05).

B 2 AT, wAEHALA RS AMA C3. A LB M B2 = T PUAE R (P <0.05), Bk
RS NIET 17.99%- 16.30%- 16.13%; A & 80 3 KPP < 0.05), BhiERAMEMK 31.58%. Hik
KA SHUEATEARE T XTI, (H55 T A g, 20 a5 A v] 38 g R R e 1k S S H A bR
MR FIER, HEPAEREERK[7].

2.3. BIERE
A tE N E P A i A R WL 3.

Table 3. Effect of compound probiotics on intestinal morphology of Oreochromis niloticus
#3. EAHLENEETEEMBERSHFNT

25 9B mE/um e B3 VR /um By
X REZH 312.45+18.62¢ 82.36+5.172 3.79 +£0.21°
hiAERA 356.78 £21.35" 76.54 + 4.82° 4.66 % 0.25
i AR A 401.23 +24.16 69.87 + 4.36° 5.74+0.312

I FAAR/NEG PR R Z 7 RE P <0.05).

M 3 al, SmARARNBATEREE. KEtbEES THAERMAP < 0.05), BHAERADHIRT
12.46%- 23.18%; [ & iR W E FIKP < 0.05), BHARAZK 8.71%. MBHAREFE RN, FBRER
FERIR BBt/ . RUFAER T CEHIELEN, MEFRRIEmERED R, NAEKSRkigrt
RS M EEAR[8]

2.4. BEBHIRBR
W# 14d Ja, ST REAERILE 4
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Table 4. Cumulative mortality and survival rate of each group

T4 EEBURTREFER

5] BT /% G/ %
X R 2 55.56 44 44
hiAERA 31.11 68.89
AHA 17.78 82.22

: FFIAENGFRERRZE R B3P <0.05).

H2% 4 v, SR B0 R e, AR RIET R RK. 3548 WA Rk 82.22%, T
AR 1333 NE (P <0.05), B IR 37.78 AN 20 o 2 W 25 A5 T X 40 B s B 4 R
FPAER, TRERAD MG, K IR FE S OB IR AT 5 E[9].

3. WHig
3.1. IEEXEKMEERBE

LRE WA SRR R R K — R, BN, FRUAES LR, SR
LA, (R FRIIR[10) RO RS, TR FT I Y01 B B SR S B,
Wb I EE TR SR, = RIS, MR . MRARRRE, IR R,
ARBr, 2 AU R R KR R THUERAL R RN RS, SRR R 5
BUAE 2 B R TR (SO P SRR T B BT 00, SEOH L INAE T, T 428
A R T R R R A T, ST (R KR

3.2. mEENRESHEALBREH

B RARRE R S RO SR SR N AR IR 2R — BB 2k, W IR . AMA C3 &R e A 7, T ELAR R
JETE . BmAMA RS A B YU AR, RSRRIR A B 2, SR AR S A
HEBRMEANIEE . AB, 2B RAEHERE. AME C3. BB IS R B2 s T oA R
H, N R EC, R A @ BoE TLRMyDS88 15 Sl s, (2t G s iR & 5 e H 1
FIE, R SR BT B T, DR A SR AT [ 11] . A FR BRI B 1, (H S S 40 3 i,
KIS S ECR P ThRE T, T 56 A B ) 22 4 i At Y i S S A ee 1), B b A R EIME I [12],

3.3. mEEMNBERRSMBRNINKE

P340 T SR S S AR IZ O AR Y, BT e R R R AE R BRI SCHE[13]. 23/E
I SE G R A LR S A 2, S W KR I S B S A (DI 0 S i B L 3 R
A TE BRI, BARIEANR . ARlier, A WA ERSEENTIAERA, WEAEEEER,
R ot A T T G i TE A R SR TN . BPUERMLL, AR AT SR X, fFE KR
FHER R EER, AP R AR 14].

3.4. MEERESHANERE

AW FEAE S35 LI SRR FAT TITRE, IR KB E L 3 Ji T ) 5 % FE A A 5 P AN R T
SEERIBYE . T MK SR 5 SERRAE P oKl TR TRIAE L. SR L KR AR B A A
=, B Rem et A W R AR B AR, MRE IR E AL R P AR 2 MR R B — 2P 0. At
IR B — 2 AR AN RS R — AR LE, RIT R R . MR AL B A IR R B, ANTA]
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K R RIS R & RO SR RILEI DA 15 R0t

MERA R GE I 73, AR KT I B2 & ot A2 AU AT i i, SRR I A i i T
LI JE 25 TR, (HAT 8 e A Z B L T 291 UL 57K 7 i 25 Bl AR B, 75 S SR IR BUR 17
B Rk R B L2000 RECEORTH RS AR e, o 2R R A B 4 8 T Rt | s
FERTHAERRCR . BARIET AR SRR S R 57 dh 2 T ER G e, K8 A AT B B
FERAS S SRTHIRIELR G R EE . RRNITREZ MR 2R 2RI, SiaairBaizE, BT
Ve JEHU IR AGHE R U5 58, D LA SR A B A T AR KA

4. 4Eip

PRI 1 x 10° CFU/Kg B & E R (M S 28R + MACHEITE + TERRE), WTRERTT
wE AR, ARSI R S PRI AE ), SOR IS, IR e KT R R
JRAEE R, BRI T ARG R TR A BN .. ALZREY], ZE & mAE WA S =P MR
B P R R BT AE R B T EKIE 0, AR iR e 5 S 0 5 B R 3R B SO S BR S

S 3k

(11 e NRILFEK =47 bRHE SC/T 0004-2006 7K F=FRAE i & 2 4B MIE[T]. R AR, 2007(4): 38-43.

[2] #hHiE, 38R, FHW, 25 ThEEE NI o6 4 w5 B Ak fa g2 58l AR 1 B F B A0 R (3], ZKP= 253k, 2025, 49(10):
231-246.

[3] EIUAK. TR RIS 25 AL B AT O B A K M B . 3 T B R G 3 (R A R [D: [ 22 L), B
7. BEFEKRAE, 2013.

[4] FEAHPH. 2842 BETE SR IRAE P O A R (D). R R, 2023(18): 5-8.

[5]1 ZF3E. TRPAL TR W /K S B i e B % dE f i h (K ThRE 23 AT [D]: [ L2208 5C]. B PH R R,
2025.

[6] MR, TR RN E A A B B AR AR KR RE . il B S MR AR ENE AR R SR D] [ 2547 18 5.
BT TR, 2012

(71 akeEEE, mtEtk, TN, S5 VUSRETZEAAT I LFO1 JE R 751 70 Hr A AR P i AL B VR D). K= 224k,
2022, 46(2): 196-206.

[9] SR, PiA=Z 0 S AR I 2 B B AR B I R0 5 PR DT AL [D]: [ BA0R 3C]. =M 250K,
2024.

[10] ZENR/R, SRR af A B AE 0 SR h I bRyl R R I 0], FR5E 51K, 2023, 22(11): 50-53.

[11] AR, B AR SERERE IR F 8 (Paralichthys olivaceus) £ % M PUR JIHISZIA[D]: [+ 2246718 3.
& EEERAE, 2007.

[12] Edsf. SE AR EEAE KRR S fabs & M 4 B2 m[D]: [l LSAesC]. R RER
25, 2019.

[13] Bk, BhEEoR, 2228, /K7™ 28 A B I 0 1% 46 8 I X 90 W T8 5 8 AR ) R R IR i [C /b B AE B,
B TR 77 B TERE®IE-2008 KRS IE——0 RS TR R e SCEE. Jbat: WVt et
2008: 295-301.

[14] xIBRSL, X%, 4B, % Nisin B APTA R A T7K = 88U E S F2 5 M BB K [EB/OLY].
https://kns.cnki.net/kems2/article/ab-

stract?v=J6dHN9¢cz2Tsg1 YzQyDFx4K ZwEZfGoa4NEUJaiiknVbtDekmuyOgLSr8mmnXPHj0qwV-
VoK1w63t1fOcBdMyZ61XcHTMGKUB1pWiQ626SODj8uxKxzdveNMKcul GRqpbj8-yLOQfY Xrqlrkrn Y 6stIT -

DPzoVGntIHv6rCkbV9d2J-mZiwOHFMw==&uniplatform=NZKPT&language=CHS, 2019-04-25.
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