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WE: NSRBI Y FLTF 5 (Lactobacillus plantarum)LP-37 5 3t F BK 7 (Pediococcus pentosaceus) PP-23
Xt Je B B AR 4 (Oreochromis niloticus) & N AR PEMERE BRI, IR IL 0 7 4 XTIE4 Co, HMEIERIFERL, L1-L3
2H, 7EIEERDR R IS R B2 (1.0x10° CFU/g., 1.0x107 CFU/g. 1.0x10% CFU/gE ¥ FLFF 1 LP-37; P1-P3 4, 7r:
Tl Ak H B A0S [ 9 BE (1.0 10° CFU/g . 1.0x107 CFU/g. 1.0x10% CFU/g) I8l A BR T PP-23, 459K H]: % L1 ZH4h,
A0 4 AR 4 (123.22~158.60) g 8 CO 4 (118.16+4.88) g 14 i #5155 (P<0.05); K& L1205 P12HAb, HAsbd
19 6 #2(128.69%~156.20%) %% CO £H(108.16:£0.45)% ) W 35 2 1= (P<0.05), L3 5 P2 2H R 34 R & 4% Wk 25 & T CO
ZH(P<0.01), #IRIRAHEERE —EMEE FIRE R Bk 3 FhilibREm v, JF BS54 KGR, L3 1 P2 414
Th B e EE ek, L3 A9 R EE(1.39+ 0.06) U/mg, o-FE#3 il (55.20+3.39) U/dL, Bl I #ERR i (3.28+0.28) U/L; P2
L4391 7B ATE(1.40+0.04) U/mg, a-TEHTE(65.28+11.50) U/dL, M BERRME (3.50+0.36) U/L, 5 CO AL, &k
WM IL-18 5 IFN-y 3L KK B3 F(P<0.05), H L3 5 P2 41 FMIEERA; £ dkH 1L-1p #ik
IRl 3 T JH (P<0.05), Hir L3 f P2 4 FRIRIE MR K, AEHEHLIEE ST, 5K EREE Co 41y
ERIN(P<0.05); L3 41 P2 AR ss R | gk B L AILZ B B 2 v T HAth e 40 5 % B 21 (P<0.05), At 5620
5} M4 2% 5N B2 (P>0.05), 28 E Rk, FEWRI RN 1.0x10° CFU/g MR FLAT B LP-37 A1 1.0x107 CFU/g (4%
Wi R BRTE PP-23 W] I iR m e B B AR i A K R, 4R AL RS, S A S R, OF s feE RE
IL-1B8 5 IFN-Y BYZEik .

KB MWIATE; MR KR, RP P RS R KRR e taE
hE S EKS: S963 M ERAREAD: A XEHS: 1005-8737—(2023)08—0989—11
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L BR FL AT B (Lactobacillus lactis) . FLFR i BRI
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AR, A1 2 3L IR A 1E A1 3 0 (Epinephelus
coioides)[9] . A E(Paralichthys olivaceus)[w'”] . SRR
(Sparus aurata)'"® | BiAf(Ctenopharynodon idellus)™ |
Je % % A 41 (Oreochromis niloticus)" ") #(Carassius
auratus)"'® S8R (Cyprinus carpio)' Lk K FLANTE R}
¥R (Litopenaeus vannamei)[lg]%ﬂ(fgfj]% H o )
WHoEHaE, 2R RWIZLIR W P — e T B4R
KPS A A PERERN S T o AT BFSE R LTS
TIAS ] 9 2 AL LA B8 X 2 A R 1) A B
PR RS M AN (], ¢ e FHRAR IR B8 20 55 %o B 20 2
SR M, T LA A A Bt R A A L
P 0 A K T 8 R R 0 e T DS [
8RB0 L AT T 8 0 LA B A [] o X £ 288 1Y) 52 i
AT . H T, B RESEIA Bl B R S
Jit 1.0x10° CFU/g (MyAEHFLFF A CRITS fiE 42
w5 e B B AR 0 A K PRl S SR M fE(P<0.05),
B AE DR R A INAS [) e B2 AR P ST TR 0 JE 2 %0
EIe=Ribp A 1p%% NUUEFSI1=R

Je & % HE 2 3R E A IROK IR A, B
AR A REEE P Ui o A 77 5 A 30
GNP AL, EHCE B AR ZU(FAO) ] 4t B e
FER I KL AR 22 A g 2 00 B 2 — B )
FURF IR LP-37 F1—BR OB Bkl PP-23, JFC 4T
T AVEEY, DR DA SRR ARDRE R0 A ] e
JE R AT JE B B R SRR, A AL
TR TR LA A PR RE A A e PR RE RO S, LAl JE
%% A A S N i AR T AR AR B, R
IR AE P R R HEROR SR

1 #MEETE

1.1 XWABRIEIEIT

S e B % R AR S = B RS, 1R
WA A (10.0£0.5) g (e B B R 560 &, 43
hT AN, BH S AER, BOER 16 B, 7
AN R XIRZE CO 4, MR BLR R R4 ;
L1-L3 £, 5% MR fih Ak v a8 A ) o B (1.0
10° CFU/g. 1.0x10” CFU/g. 1.0x10® CFU/g)ti %)
FULAFBE LP-37; P1-P3 41, HMEILARER SR
i) #e & (1.0x10° CFU/g. 1.0x10" CFU/g. 1.0x10°
CFU/g) Wi H R PP-23. F50 S2Ib AE 11 ZR Al

K2FK =R MG A K IR 08 R e b itk AT, A
FRFAFIRRL 250 L, K{RFL200 L, /KK 2 L/min,
24 h FIZ RRHLFE A, 7K (28.0£0.5) C . FFFH A
W 60 d, WIMER e, BRXEMNEE 3
KBS 7:00, F14F 11:30 F1FZ4F 5:00), 52563 A]
AR, BERWIE 1 R, WIEE#K, #hKE
10%~30%.

1.2 LI ERR R AR A6 &

S B A FLAF B LP-37 (GenBank No.
OP824883) Fll [\ ¥% i Bk & PP-23 (GenBank No.
OP824884) i A 57 5 M B 141 fizg 1 F1 + 48 v 43 2§
BE], WMWY O T T2 0. WKE
MRS $; 75 5P 1 5% 48 h I, THEOF 8 3RO K
B BB ER R 10%)5, (5 P WA 2 4] BE /e
Je % % Ak fa S ah ekl B (BARE SRR L3R 1), B
TR AL TCE 24 h LA ARIET, A T HRIRETIR
INFLER B AR, AL S d ECHR 1 vk, IR R S
TESRMAS T 4 COKRRAT 3
1.3 HHm:FE

FEh e B B Ak 60 d Ji, YUEKALEE 24 h, X}
Stus TR E AT, HTIFE R E . B E
REESRAR . B IKAE T BEDLRIER 3 2 fa 57 R fig
B, EUMLNE | Sk B T S A OGBS IR A . B
Hillg, VIZ 2 em B BE, —100 FH T 1 18 BT 1)
W, 5—mH 4% RPEEE, HThiErmH
LU 34T
1.4 NEHIRR A X
1.4.1 HKIERNE RIEEP B HIEARNPIHRIE
HAAREEITHIEEWG).,

W1 (g): SL50 0 AE FRAH S0 T LR T Y 3 A
B ME

KIHE(g): SLomtaFRIH LI AE WG A5 24 h,
PR HARHE, P,

W R (%) LR AR EMYIEZ EH

B AR Y X< 100%
1.4.2 HEXEFEMENE AR & ER
A=W TR ST ) Ul B B ERAE 2D BRI E e B B 4k
1 Ji7 38 JE A Bl (AMS) | B3P Tl TR TG (AKCP) L 141 il
(PRS)iE 4 o
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1.4.3 HERNARRIUE cDNABIER  #H Trizol 144 SERPSEEESE PCR WG E B PCR %
BARBUMAE . LB E RNA, %88 Evo M-MLV B8 SYBR Green Pro Taq Hs FiliE %! qRT-PCR i 7|
S s R AR & CUR ER, IR T R 5k SO, IR EREUL R T, 51903 2,

1 EBFFESEMEARMERMIAEANR

Tab.1 Nutrient composition of basic diet for Oreochromis niloticus

4> ¥ & ingredient content H 53 [t/% percentage .53 & ingredient content H 53 [t/% percentage
a4 fish meal 45.00 fift f HE B squid extract 2.00
=M1 soybean meal 20.00 il total 100.00
/N TH#Y wheat flour 18.00 EF#/KF nutritional composition
fa il fish oil 2.00 MG crude lipid 5.0
EXKM corn oil 2.00 HLEF4E crude fibre 5.0
SALNEB choline chloride 0.50 KUK 53 crude ash 16.0
A FIR AW ° vitamin mix® 1.00 #5 calcium 4.5
B RIR A ® mineral mix® 1.00 W% total phosphpurs 1.2
Ca(H,P0,), 0.50 k8 sodium chloride 4
47 adhesives 0.50 JK4¥ moisture 10.0
AR EF4EZ  microcrystalline cellulose 7.50 H R lysine 2.2

e AR iR A 3600 TU/Kg; #i4A:E D, 1200 IU/Kg; 4E/E# E 20 mg/kg, 4E/EF Ks 5 mg/kg, 4i2E%E B, 5 mg/kg; 4iE#E B,
7 mg/kg; 442 B 6 mg/kg; 4E4EK B, 20 pg/kg; ZHRES 20 mg/kg; MHAR 30 mg/kg; MR 1.7 mg/kg; AHEK 0.05 mg/kg; VC BEIR R
171.4 mg/kg; WLEE 90 mg/kg. b. B : 8 150 mg/kg; £k 120 mg/kg; ¥F 60 mg/kg; 4% 30 mg/kg; #i 4 mg/kg; %5 0.5 mg/kg; fifi
0.1 mg/kg; Ml 1 mg/kg.

Note: a. Vitamin: Vitamin A 3600 IU/kg; vitamin D; 1200 IU/kg; vitamin E 20 mg/kg, vitamin K; 5 mg/kg; vitamin B, 5 mg/kg; vitamin B, 7
mg/kg; vitamin B¢ 6 mg/kg; vitamin By, 20 pg/kg; calcium pantothenate 20 mg/kg; nicotinic acid 30 mg/kg; folic acid 1.7 mg/kg; biotin 0.05
mg/kg; VC phosphate 171.4 mg/kg; inositol 90 mg/kg. b. Mineral: Mg 150 mg/kg; Fe 120 mg/kg; Zn 60 mg/kg; Mn 30 mg/kg; Cu 4 mg/kg;
Co 0.5 mg/kg; Se 0.1 mg/kg; I 1 mg/kg.

x2 KRAEESVER
Tab.2 Primers for qRT-PCR

519 JF 51 (5"-3") Bk /T J BOK B /bp
primer sequence (5'-3") annealing temperature fragment length
IFN-y-F AACCAAGTCCACTCCACCAC 52 1226
IFN-y-R CAGACGGGCACTGAACAA
IL-1B-F TGCACTGTCACTGACAGCCAA 52 228
IL-1B-R ATGTTCAGGTGCACTTTGCGG
f-actin-F CACTGTGCCCATCTACGAG 50 564
p-actin-R CCATCTCCTGCTCGAAGTC

145 BFEAAYIESIE FERhmEmRK  22.0 BOEEBEYE, FIFH SPSS Statistics 22 (SPSS,
T uhYE 3~4 h, PSS IEITEREERK . IR0 A Inc., Chicago, Illinois.)# 17 turkey Kz 36, 43 H74%4H
WU, VIRERE S pum. AU RIREGEN BIM2ZER. 24 P<0.05 B RRERBE,

gL Bk %“7&*%4%@ ERTR 3 (0 FBLZE 7K IR 5 ) ERESE

P e T g, R IR R . PR AEIE

MO T AT R RAE, ] Tmage T FfExigg 21 ABRPRMAMIBENEZFIFEEK

o LI R 0 KERERIRIE
15 MiEAME bR L1 415h, HASE AR EE CO 41 0

% JHl Graphpad prism8.0. IBM SPSS Statistics &8 =1 (P<0.05); BR L1415 P1Z41Ah, Hopsigma
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WEERER CO 4 W F P (P<0.05), HH L3 5
P2 4RI E MM EARE CO HEFWEE

e SRR R R R 1x10° CFU/g BYAE Y SLAT A
LP-37, Si¥RM 1x10" CFU/g M4 1%0% i BR i PP-23

(P<0.01), HPIAMEZFAREGE 3). hal i,  xHePPHEaph A BRCR.

R3 EMEAMPTIMAMIBRENESFEEEREENZM

Tab.3 Effects of supplementing two lactic acid bacteria in basic diet on growth performance of Oreochromis niloticus

1845 item Co L1 L2 L3 Pl P2 P3
P19 H /g initial 10.000.41 8.99+0.16 8.95+0.42 9.22+0.32 9.92+0.35 10.12+0.36 9.77+0.10
average weight
AREE/g final e ciagge 122.0844.74°  130.5144.80%  150.0046.66°  130.13£6.91%  153.24+5.36° 1417143 27"
average weight

S 7 3%
weight gain rate

T IR COo AR MR IEAR IR R4 L1-L3 A% R S mh fRDRL AP R IS Rl JE (1.0 10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g)Hi ¥ FLAT

LP-37; P1-P3 £ 5 M2 LAl 4RDRE A 78 I AS 6] 4k 8 (1.0 10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g) 4 A 3R B PP-23. [RIFT s A Rl 78 1

i 227 41 1) 22 5 1. 35 (P<0.05).

Note: Control group CO: feeding basic feed; L1-L3 groups: adding three different concentrations of Lactobacillus plantarum LP-37 (1.0x10°

CFU/g, 1.0x10” CFU/g, 1.0x10® CFU/g) to basic feed; P1-P3 groups: adding three different concentrations of Pediococcus pentosaceus PP-23

(1.0x10° CFU/g, 1.0x107 CFU/g, 1.0x10® CFU/g) to basic feed. Different letter superscripts in peer data indicate significant difference
between groups (P<0.05).

108.16+0.45"  125.79+5.21° 135.924£6.31"  152.69+3.51° 120.2146.93"  143.12+5.23¢ 131.94+3.25%

22 ANRBEMFAHABENETTIEERE
[y s b= A

SR Ak AN o e L R TR X TR ) e
Xt AE KR RE RO 2 — 2, L3 A P2 41 AY 3 FhE NG 4
B35 CO 4R HAh A% S50 241 (P<0.05) . IL AP, L2
2H PR R AR E IR B . P1 AT a-VERBE . P3

20 3 FPEEEPE B T CO 4H(P<0.05), Fit ] W,
3 PG 1 SR LP-37 BN E I e,
1 SCHE B BR B PP-23 42 1 BTG 7 308 im Ay 53 s
W FE N 1107 CFU/g o JERARI AR b 5 0 93 b L 2 1
BIfeE— e i e B W R 10 g 8 2 A
ou-JiE R it R B P O PR T G 1P (3 4)

x4 BMEARRRIMAMIAREX RS T & HLEEENRm

Tab. 4 Effects of two lactic acid bacteria added to the basic diet on digestive enzyme activities of Oreochromis niloticus

H5| group

i H item
Co L1 L2 L3 Pl P2 P3
& [1f(U/mg) PRS 1.07+0.07* 1.16+0.06* 1.24+0.07° 1.39+0.06° 1.15+0.05* 1.40+0.04° 1.23+0.05°
o-JE F i (U/dL) AMS 16.02+4.12*  17.50£2.27°  23.03+3.16*  55.20+£3.39°  37.12+5.53%  65.28+11.50% 42.56+9.52°
B PERE R BEE(U/L) AKP 2.50£0.39° 2.62£0.35®  3.01£0.56™  3.28+0.28%  2.70£0.26™  3.50+0.36° 2.93+0.18*

T IR COo AR MR AR G R4 L1-L3 A% RS Ah RDRL AP R IS Rl JE (1.0 10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g)#i ¥ FLAT
LP-37; P1-P3 20 4% M2 ELAbARDRE FP A8 A ] e 8 (1.0x10° CFU/g, 1.0x107 CFU/g, 1.0x10% CFU/g) /&0 /i 3K 14 PP-23. [Al47 504 A [ 6F |
bR e 7m 41 [B] 22 53 i 3 (P<0.05).

Note: Control group CO: feeding basic feed; L1-L3 groups: adding three different concentrations of Lactobacillus plantarum LP-37 (1.0x10°
CFU/g, 1.0x107 CFU/g, 1.0x10® CFU/g) to basic feed; P1-P3 groups: adding three different concentrations of Pediococcus pentosaceus PP-23

(1.0x10° CFU/g, 1.0x10” CFU/g, 1.0x10® CFU/g) to basic feed. Different letter superscripts in peer data indicate significant difference
between groups (P<0.05).

23 ARBRNAMIBEEAERNL SRR
B HEXEERENENE

5 CO ZHAHLL, & SCu e D IL-18 HEPR 3
IKIKSE 4 2 R R (P<0.05), L3 4L L1, L2 1
Tk KT B ERRAK (P<0.05), P2 4H IL-1p KLH ik

IR AT P1 ZH(P<0.05), WALT P34, (H2ER
AN (A 1a), LI ANENE IFN-y FERFRIEAKTF
It CO 4H i 3R (P<0.05), L3 ZH I L1, L2 ZHiy
PIKF 5 A (P<0.05), P2 2H IFN-y HE PR 2635 7K -
WALT P1 5 P3 4, HZERAREP>0.05)(&l 1b).
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1 AR T S R e 2L BR TR X B B B A R DG R IR R A Y R

a. MK IL-18; b. BRME IFN-y; c. Sk'E IL-1B; d. SK'& IFN-p.XF BR4] CO A4 MESEM DRI ; L1-L3 41 4% MESERt k) vh TS A [ e
J#(1.0x10° CFU/g, 1.0x10" CFU/g, 1.0x10° CFU/g)}i¥FLFF i LP-37; P1-P3 414 MESLRI KL v 8 il AS W1 (1.0x 10° CFU/g,
1.0x10" CFU/g, 1.0x10® CFU/g) ¥ - 3R PP-23. #1[&] b 7 A Rl 5% B 38 7% 40 ] 25 5% B 3 (P<0.05).

Fig. 1 Effects of two lactic acid bacteria added to the basic diet on immune-related gene expression of Oreochromis niloticus

a. IL-1p in spleen; b. IFN-y in spleen; c. IL-1f in head kidney; d. /FFN-y in the head kidney. Control group CO: feeding basic feed;
L1-L3 groups: adding three different concentrations of Lactobacillus plantarum LP-37 (1.0x10° CFU/g, 1.0x10” CFU/g, 1.0x10°
CFU/g) to basic feed; P1-P3 groups: adding three different concentrations of Pediococcus pentosaceus PP-23 (1.0x10° CFU/g,
1.0x10" CFU/g, 1.0x10° CFU/g) to basic feed. Different letters on the column indicate significant difference between groups

(P<0.05).

5 Co 4ifnH A A S IR LA e, L3 1 P2 43k
B IL-1p R FRIR7KF- 8 35 T I (P<0.05), HAh44
SIS COHEFAREE lo); SLBAKE
IFN-y JEPRFRIBKF-1 82T M (P<0.05), L3 I
L1, L2 M FMEZESAEE, P2 LLP1, P34
FIR KO- i EBEAK (P<0.05) (& 1d).
24 EARPRNAMIAIBRENET TEAFGE
AR BT

T Ak e AR A RV B AR P FLAF P LP-37 X
Je B % 41 i i 4 SUE S A R I AN 3k 5 B,
5 Co A, &S50 9 E R Y R
(P<0.05); L3 21 P2 B8 IR . SR LLFILZ
JEL Rt 2 T A S 56 4 5 ) B4 (P<0.05), H:

S HS41 5 % B2 25 5 1B 25 (P>0.05) , 45 SR KA,
e FE R ARDRL R AR AN [R) e B A FLAT B LP-37
FSHE Bk T PP-23 H47RE 0 2 42 = A1 1 90
JBE; M 1x10° CFU/g MR FLAT B LP-37 s
I 1x107 CFU/g HY S0 H BR B PP-23 BE & 4L
Je B Bk gl B R EE . SR e AL R B
(% 2).

3 it

31 AMEEREERAEOER
FHTBFSTIA S, FURL B — 2 R 4Tt

(0400 K PERE, B IR 2 T FLR A A 10 0

IR P 5 L5, AR A U S
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(&2 BLAh HOR A I pi Fh LR B0 Je 2 2 S £ i 38 2H ZUE5 A8 152 )

Xt BRAL CO 4148 MEFERR B REAL; L1-13 21 $ W Al G bk v V% I AS ] 6 JEE (1.0% 10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g) M ¥ FLAT
T LP-37; P1-P3 41 M8 BL R ARDR) o 8 A0 A [R] e B2 (1.0 10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g)/%o 8% A 3R PP-23.

Fig. 2 Effects of two lactic acid bacteria added to the basic diet on the intestinal structure of Oreochromis niloticus

Control group CO0: feeding basic feed; L1-L3 groups: adding three different concentrations of Lactobacillus plantarum LP-37
(1.0x10° CFU/g, 1.0x107 CFU/g, 1.0x10® CFU/g) to basic feed; P1-P3 groups: adding three different concentrations of Pediococcus
pentosaceus PP-23 (1.0x10° CFU/g, 1.0x10” CFU/g, 1.0x10® CFU/g) to basic feed.

x5 EARPFINAHIBRENREZ FTEAHEALLEHERIG
Tab. 5 Effects of two lactic acid bacteria added to the basic diet on
the intestinal structure of Oreochromis niloticus

FBHR item Co L1 L2 L3 P1 P2 P3
BHE T B fum 289.06+10.80° 376.80+20.81% 391.58+34.60% 400.63£40.21% 334.84+12.84° 358.13+28.41° 340.79+15.62°
villous height
B R /um 51.37+4.64*  55.97+15.03°  52.42+10.35°  76.19+8.66°  51.68+3.67" 78.56+£15.96°  54.27+3.96°
crypt depth
SRR L villous 5.63+0.57° 7.08+0.48° 7.96+1.65" 8.91+1.84° 7.56+1.37* 8.93+0.41° 6.28+0.36"
height/crypt depth
WURE R /um muscle  37.74+4.28°  35.17+8.25°  40.33+5.12°  58.14+19.46"  44.27+4.82° 54.15£5.91°  44.59+5.60°

layer thickness

T IR COo LB MRILR AR L1-L3 LR SRR RDRL AP R IS [/ (1.0 10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g)H ¥ FLFT 1
LP-37; P1-P3 4 4% M2 ELAbARDRE rP 48 0 8] 3 2 (1.0x10° CFU/g, 1.0x107 CFU/g, 1.0x10° CFU/g) 0 F 3K 15 PP-23. [AlAT 50 A R 52 6F |
bR R 41 8] 22 5 1 3 (P<0.05).

Note: Control group CO: feeding basic feed; L1-L3 groups: adding three different concentrations of Lactobacillus plantarum LP-37 (1.0x10°
CFU/g, 1.0x107 CFU/g, 1.0x10® CFU/g) to basic feed; P1-P3 groups: adding three different concentrations of Pediococcus pentosaceus PP-23
(1.0x10° CFU/g, 1.0x10” CFU/g, 1.0x10* CFU/g) to basic feed. Different letter superscripts in peer data indicate significant difference
between groups (P<0.05).

B, e H RS S BUEY AR, WA HM  MEFEORFEER — 2L, AR GRDRE A IS vl 7L R R 4

FXEE FFP R S WY R e B R
(Oreochromis niloticus) WY H & I8 2L IR 14 fig ok
B a0 A A M B R R A R0 Hamdan
2 2O 5 % BV Pl R T ) DR JE B B I &y £
40d, BEREERHER AT IRLGRY ik

RS B R STHIENE, A5
WAy 0 28 A K A RN B e AR P 5 1 B v T B
JE TP i AR T AR AAS [R] 19 75 205 1 A AR
AOSE R, — 5 T2 T 45 A 07 BT A e
R N2 55—y i, 2 A T B A A
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SNHALEEIT RE A BT A R R B D,
ARWFFEAE RAMAESE T IR R i S e A K
SER— 2k, B W TR LR 5 T A
AL 2 A B o3 WA L AN A, DU LS
(S50 AT IR ARG . ARSI 1x10° CFU/g
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T 29.68%, 5% ML Je Ay S 46 4 1 22 7 B 3
Yl B AN [ 1) 2L R T DR P A s i 8 i B2 A T
ANTA] o QAT BIFFE N R ARDRE R AR I AS ] e JEE ) I PR
HA.M2 1# (Lactobacillus acidophilus) AN & % Ak
1 (Oreochromis niloticus) ) H # P2 | FLWR B M H
At I B2 0 AN [ o) £ 288 A PR RE 7™ A AN [8) 118 52 Wil
RE S FLIR A RN ZE | RARPOR IR RE I 22 5, L
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PE R H 1 I S 30 52 BRI | £ AE IR A
FAEE Y, e [N AR T R X E 3 A9 A K R
AR S SR o PG, SEBr Az 7 b O AR 6 B
{18 L R T o 2R 0 S o S IR B2, DT 38 3 e A
AR .
3.2 IBMEEREREHAEEETENER

P Tl TR I 2 A ) R P R ) A U 4
H 1S SRR R Y, T SO b &
AR, Bt R T R 0 T 0 e 20 1
S, 3 R KT B B R Tl T LA LR T
PO SORA JEARHOT, G d AL A K S
Z—, Je /KRR TE A FORE IS 1 SRR, TR 2
A BCTE A T A RO R, B 2 WA HILRE AR i 5 R
SR FRFE S B e R AL RE D .
REAE 1 A 25 1 50 10 R S KBRS, 23 0 e i ik
MRFE MW 2, 3 2)/h T 2 IR R, R e
HEE AL, RERIIRC LU 73R R
LM I KA S B T . SERTEE . IR TR . R
el ), R R POVIR I ke B LR 1T T LA
P B R A TR £ IV R R TR I Y O 1, AR
52 4 DOVIE 9 kB0 L R AT ) T DA G R A
i (Rachycentron canadum)lf i 08P % 2 i A1 o-
TERBEROTE J) o AWETE R, 12 e B AR miEk b
AN 1x107 CFU/g 5 1x10% CFU/g B FLAT
LP-37 DA K 3 LA [R]He (4 oM R Bk iR PP-23, 24

B E R TR RREE A o-TER RIS 1, 5 B
W FE A SR — 0, HLEEE A0 52 25 R 5 A 55 i
AR PERE I S5 SR — B, B v T I e 1 T RO
JE4M B0 1x10° CFU/g WIHEPIFATE LP-37 5
1x10" CFU/g By E BRI PP-23 ., Tkl rp 8 il
Wi b E — o PR B T RB RS2 = 1 A E e, R
Az — AT B A2 PR A LR T AE ik 2 rp ™= AR i ARl
Yy R FER G . R RS RO, 5 Akl B e A
FLIR T L B b, X 28 i 3 R 2 0 M T 3 o
T 43 WA Ak
33 IBMEERHAREFENER

A PR~ B4 3 15 S A T 2L A T X LA 4 2 3R
TAE R EEAR AR, A RS BB R R
GEihAk, oI R AE Y, KRR T4k
PR T IL-1B. IFN-y S RGLR N F IL-4, IL-10
aElAS] e e JL-18 3R AR A4 AT
A AN M 572 2 PR SR BURSUAR R S YR T
AR, TIRAFNG EEER M EE R S
S RAENE . PR . PURREESENC BT &
FLIR T P $E R bR T 23k, IE & 71
FeR ) Shi S & SUFLAT T AE AL R AR 42 X
FIRIE . AHFGE Sy b, e W 2L R 1 1Y JE
BB ARt R PR 2 R T IL- 18 F IFN-y 3%
PR ERRAL, SRR 3 HAbS AR
WARMIVER, TR E (Clostridium butyricum)
RERRARAL LU IL-18. IFN-y 93351 WERE 24
FRAE A SYRAMA T IL-10 3Rk, FFAK
1R AR T IL-18 F1 TNF-a B3k 100 40 1) 352
PR 8 g nE PO, A RN, A RFSSIA R
FLER B A e 8 18 5 o A AR 7= 4 B o 22 0
(Exopoly saccharides, EPS)A % % V) iy kB |
R FLAT T M AN 220 AT T AR R 40 R T (IL-6
IL-1B, TNF-o)F1 L HBT R A (IL-10 . TGF-B)
Feak, DT B e G s 1 5 e PP A ST
R AT e R Sk LR TR B fa 2R I B il s A, IR
B — 2R P, d o = A LR I A B R 4
B, TR A 3 A B PR R > E R R i Y
SEAE, WD T AN AT G R SR,
T R ARG T4 48 D RO AN SRk i, R4 T A
PRI,
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[ 18 986 02 W 8 R A 450, BB
BB TR I LA S G5 L TT LS e fg 1 P bR 2504,
Abid ZEPIESY K BLFLRR TA 1T LR T TG TR A Y
WEEEMPZIER, Pirarat ZPHFSE & BLES N
FLRR R e B B A fa, BE R 4R S o E = A
SRt AR, SXTIAMEE, M 1x
10® CFU/g /1 FLAF 14 LP-37 5 1x107 CFU/g [
R ERE PP-23 ARk B 18 & e B D HE AT
L BRETEE . SRLRAUZ R, A 4
ANLIGHIF AR, X5 Abid Z55°IH Pirarat 21
W25 R —B, RN I I FLIR F 5 5 1 i a2
EH RGN, S BT R R AT R85 FLRR 1R 4
WA A O, X EeARI Y AT BE S i i 18 20 i
LAy . PEHE B M 3 A 0T il s
T B 5 S BE O B IE A G, I TE B R,
Wt SR i 0 s Y, g v AR e 98 R v
BRI LR e, S MR O SR R Y g 1 B0
Jo i L2 0] A i 28 0 shEe Ak e 2 i Bl g, ARk
FEWD MM, WUZHRE, W fE B tah,
Jo i b ok B R R, A B TR R B R S N,
IXRE AT DL A 3 BH P Ah S JE TR o T8 Y R
P AR AR S e e . AR A R
TEBA T W 18 22540 A 5 A8 KR e R RE 1Y
FHIEME

4 ZEig

Tl S A ) FLAT R LP-37 FSOHE B ER B
PP-23 ] DLW E R T e P B e K khe, &
1o I T R U o~ D 9 I R B N R R M, B2
THa v, ot imil R EE K, T AR5 4
ORI 1x10% CFU /g B4 W LT &
LP-37 SR B, IOME 3K A PP-23 1Y s s i vk
iy 1x10" CFU/g.
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Effects of two lactic acid bacteria on the growth and immune
performance of Nile tilapia (Oreochromis niloticus)

LU Guangjin', ZHANG Chong', ZHOU Jianping”, ZHAO Yaxuan', LI Yan', YAO Zhilei', YU Ming', CHEN
Guangtaol, JI Xiangshanl, CHEN Hong‘jul

1. College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271018, China;
2. Fisheries Technology Extension Station of Daiyue District, Tai’an 271000, China

Abstract: This study aimed to investigate the effects of feeding diets supplemented with Lactobacillus plantarum
LP-37 and Pediococcus pentosaceus PP-23 on the growth and immune performance of Nile tilapia. Seven
experimental groups were used in this study, namely, control group CO: feeding basic feed; L1-L3 groups: adding
three different concentrations of Lactobacillus plantarum LP-37 (1.0x10° CFU/g, 1.0x10” CFU/g, 1.0x10° CFU/g)
to basic feed; P1-P3 groups: adding three different concentrations of Pediococcus pentosaceus PP-23 (1.0x10°
CFU/g, 1.0x10” CFU/g, 1.0x10° CFU/g) to basic feed. The results showed that except for those in the L1 group,
the final body weights of the fish in the experimental groups (123.22~158.60 g) were significantly higher than
those of the CO group fish (118.16+4.88) g (P<0.05). Except for those in the L1 and P1 groups, the weight gain
rates in the other experimental groups (128.69~156.20 g) were significantly higher than that in the CO group
(108.16+0.45)% (P<0.05). The final body weight and weight gain rate of the fish in the L3 [(150.00+6.66) g,
(152.6943.51)%] and P2 [(153.24+5.36) g, (143.12+5.23)%] groups were significantly higher than those of the CO
group fish (P<0.01). The addition of different concentrations of LP-37 and PP-23 was able to improve activities of
three digestive enzymes of Nile tilapia. Among various groups, the greatest increases appeared in the L3 and P2
groups. In L3, protease (PRS) was (1.39+0.06) U/mg, a-amylase (AMS) was (55.20+£3.39) U/dL, and alkline
phosphatase (AKP) was (3.28+0.28) U/L. In P2, PRS was (1.40+£0.04) U/mg, a-amylase (AMS) was (65.28+11.50)
U/dL, and alkaline phosphatase (AKP) was (3.50+£0.36) U/L. Compared with the expression in the CO group, IL-1f
and I/FN-y genes in the spleen of the fish in the experimental groups were significantly down-regulated (P<0.05),
and the highest down-regulation occurred in the L3 and P2 groups. /L-1f gene in the head kidney of fish of various
experimental groups was also significantly down-regulated (P<0.05), and the highest down-regulation occurred in
the L3 and P2 groups. In terms of intestinal tissue morphology, the villous height in various experimental groups
was significantly higher than that in the CO group (P<0.05). The crypt depth, the ratio of villous height to crypt
depth, and muscle layer thickness in the L3 and P2 groups were significantly higher than those in the other
experimental and control groups (P<0.05), whereas there was no significant difference in these parameters
between the other experimental and control groups (P>0.05). In summary, adding 1.0x10® CFU/g Lactobacillus
plantarum LP-37 and (1.0x107) CFU/g Pediococcus pentosaceus PP-23 to the diet can significantly increase the
growth rate, digestive enzyme activity, and intestinal tissue structure, and alter the expression of certain immune
related genes in Nile tilapia.
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