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lactis Z-2), TAME 60 do L5 7R, Tk R LR L Bk v v il 2 5 s S 30 AR G L DE Ry T RN U7 T R
R LB (L. lactis, ZO-1)3Rik &, HZRBHREIMAIYCRE W% (P<0.05), Mo, A LLMA Y B &b in s
KB (P<0.05), 1 i 77 A % 4 i B 5 g SR SE L F o (TNF-a, G6 41BR41) . 4% 18 (IL-1p). IL-6., IL-12
FIHL A ML T~ IL-10 (G6 BRI FIHEAL A K T B (TGF-B)RY & i, LI — AL A (NO)IKF(P<0.05). 3 5h, £
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TR A 2 Rl g AR U RN AR A
R PRI A At AT 2 4 bl PO, i, Li <517
KL 5%ME A 25 HE R (Acetobacter spp., Pseudomonas
spp., M1 Lactobacillus spp.) " i 3& o 3 K 32 6F
(Scophthalmus maximus)WHEHLULE, WA
AWK ZR AR R AR S 1 A i B A R g
Abasolo-Pacheco 2B 5T 15 AR 2516, B 3
b 25 A6 KT B4 B AR (Bacillus) 75 P —fd R B, X511
K E W U (Argopecten ventricosus) 7¢ B A 14,
M 28 76 FF T8 B9 TR A 90 (MIX-B) 7E J8% 4L % 3 o
W (Vibrio alginolyticus) 120 h J5, &N T
Fi LAOAEE RS Ak, SHADRRI AL, S %
W ¥k (Bacillus subtilis, L. rhamnosus, L. plantarum,
L. delbrueckii, L. acidophilus)W) a2l n] i 2 #2
e LR 2R T | ok AL S (CAT) L A Ak Ak
fits (SOD) . i 1ok % 1L ) Mg (MPO) 1 Bkl 1 B 1 iy
(AKP)YG t, H 2 B bR AL 1AL 1 G 28 540% 5 o1
BRI 2 BR T (Enterococcus faecium)
FIERE ZE KT B (Bacillus  cereus)Bk A FHAY,
RetE il Je & & JE f.(Oreochromis niloticus) i it
PR TR SRR B A O A, BRSTIERH, A
B 11 25 21 0 B A P A 5L B )k ). 4,
T L AT S LT 4E Vitacel ™ 125 4= 1 PrimaLac™ 1y 5¢
BRI E T B (Rutilus frisii kutum) i 04
PIRE MR RIS AL, 1815 T B I A T 1 A
A KPR RERY L Rl BE 2F J T B (Bacillus  subtilis)
FPTB13 A 7o R i ] B &4/ 7 KR8k
B8 RN, AH AR IR FH Ak P A v O 5 38 i v 118 AL
FRAEIE %(63.33%) 17, ik s AL R, B
HE A W LA SO s A KPR RE .
N BUAARTIRE . R I £l R R R D A, E
AT Rk g1 72200 R, WS RE M,
TEWT 85 (Oncorhynchus mykiss)E KL H, A
A — ARk R A T, R BRI I R (Saccharomyces
cerevisiae), N RE Z G5 W) B A LL 55 A TR A
A RPN, R R— S 4 Rl fE S B R A
PERBE SR YR ) 22 A G Ak, B A AR
TE S5 5 A RIF S AR X A
TERTHA B 5E v, AR DR AT DA {8t SR i A 3 TN
Yo BRI R AR T 3 AR FLIR FLER A (L.

lactis Q-8 . L. lactis Q-9 . L. lactis Z-2), Ff W<
EATEER AR PERE . B a1 FSE R R A
R AV T, LI A i P X G A R BB
FEP) A A VR Y SR, 2% 3 MRELmR
A A IR Bt P 2 5 o) i A FL A R IR R, A
Frik—2e . tk, ASCi B a3 HRl
iR TR BALAR B A ol VT B A T i B L S R B e A
PrEAALRE ST WIS, oA £ 2B TR AE K™ SR A N
MRt 2 2%,

1 #MRE57FE

1.1 LIS HE R

FEAKEFE TPl Y 3 BRFLIR TR L. lactis Q-8
L. lactis Q-9 . L. lactis Z-2 F2&= 155 2H Aif ) M\ {5
J it R 2 v o s R e AR B L e S i
W, 3% 3 BRFLBR I AE MRS Ri3i3kdh 37 C&M4F
FE IR 20 h LAk IR e 2k K dh i Be 1
1.2 IR

W5 2R AR KRR B Be Y L. lactis Q-8
L. lactis Q-9 Fl L. lactis Z-2 WHREE TS % i
FHEAFSE 8000 r/min B5.0 10 mint'Y, HiAZ T H
()5 R 2% /R (PBS) UE V& 3 IKIG BB T o B — 1A
PR W TE B DR (KB &8 29.51%
HLE 33.4%. 5 6.8%. /K7 9.4%. ML 4k
8.3%. K41 8.23%), Ifi 2 [ ARAL L LA L 1)1
G W) Ja AT WEE, 25 b B B TS A ol
5x10° CFU/g (3 1)o H I & 1 i BR300 F T
i 2 h, FHE A 2 B IR A AR S 20 CfR
FEAe Mo BeAb, 78 525 2 B v X il 2% 19 f) Ak
LAB HJiS AR R A, IF AR 1
Ja g 1K
1.3 FEXW

MBI (SR ML 2 800 R4, F¥s
e B3 g T K 2 A S 0 R 0 Bt T A A
5000 L FRFEAR P YIAL 2 J, e el 7
YA IR, B3R BBy 30% M IR AT 1 it
FUK, IR AKRFEHITE(26.0+0.5) 'C . pH
M 6.5~7.1, A >7.0 mg/L, A <0.05 mg/L,
Y5, PEH 480 FEfadFef, (A (44.79+0.13) g,
BEMLS>FL 2 24 S FRFEATH (500 L, 343 350 LK),
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IR 8 ASEERA, R4 3 ANEE (n=20), 43l H R
X HR A GRS LR FLER Y 7 AR 1),
BRI 4 YR (08:30, 11:30. 14:30 il 17:30), ¥
2L 60 d, 1HFEFM SN —2 iR RS,
KUMRE 3%m) AT, JF B4 2 ARG B4~
FREEAR T S R R
1.4 #HRKE

FI LI E 60 d, 256 24 h )5, MEA
FRIEAR P REALE 6 kA R, R KR I,
16 4 CHUE ISR, B0 °C, 3000 r/min, 30 min)
WA M, F TRl e de br o R IS S5, fif il
fa iR, SRS AT BNE AN A 4120, 43 50 A I Bt
FALFE bR . THILBEIS MR E PR, S 6
TR AT (120.042.0) g BB, ff sy BTl .
W, 5, T 4.0%%2 R PR (pHT.2~7.4) [ &
24 h, T miB A2 =500 o BR g 8 4 212 5 B i
FHREd Ah, HRRE b e A P R 7R, IF T

—80 CIRAFELAREHE— 240 #7 .

1.5 FpiEtE kBRI

1.5.1 ECERES  FEIREH LI A5 AR E i i
HAUH LR TGP o K AL EARR AR T
AP AN HR S, RIEES L 10 min (4 °C, 4500 r/min).
W IS WA A R B OB, AR PR & U B (B
AR, D) R Y RN G B A L AR
FTERIBER TGRS, BRTEPES L Umg B A 3R
1.5.2 KEE PCR (qRT-PCR) {#ifi] RNAiso
Plus i 7f](TaKaRa, H1[E)$&EHU7E & RNAZ 1%
BN B BE IS HL UK AT Nanodrop 2000 43606 1
(Thermo, USA)/#T RNA B¢ % | ali i Flie B
f&# Ff] PrimeScript™ RT Reagent Kit (TaKaRa, "[E)
4 RNA (500 ng)fe %%k ¢cDNA, FEFPEG 95
T3 2, p-actin YEN NS HEH , qRT-PCR 1Y W ¥
WAL 2.0 uL ¢cDNA #4f . 10.0 pL 2xSYBR qPCR
Mix (TaKaRa, H[H).1.0 uL PCR 5]4(10 umol/L)

R1 FEILBHA

Tab. 1

The groups of the experiment

4 group

Tl fish food

XtEZH control group  FLIAAL commercial fish food
Gl 41 Gl group
G2 &4 G2 group
G3 41 G3 group
G4 21 G4 group
G5 41 GS5 group
G6 4 G6 group

G741 G7 group
and Z-2 (1:1:1,V/V)

R MY L. lactis Q-8 commercial fish food containing L. lactis Q-8 only

R ARSI L. lactis Q-9 commercial fish food containing L. lactis Q-9 only

T ARRMY IR N L. lactis Z-2 commercial fish food containing L. lactis Z-2 only

O ARRHAR N L. lactis Q-8 F1 L. lactis Q-9 (1 : 1, V/V) commercial fish food containing Q-8 and Q-9 (1 : 1, V/¥)
ORI L. lactis Q-8 Ml L. lactis Z-2 (1 : 1, V/V) commercial fish food containing Q-8 and Z-2 (1 : 1, V/V)
ORI L. lactis Q-9 Ml L. lactis Z-2 (1 : 1, V/V) commercial fish food containing Q-9 and Z-2 (1 : 1, V/V)
BRI L. lactis Q-8 L. lactis Q-9 Fl L. lactis Z-2 (1 : 1 : 1, V/V) commercial fish food containing Q-8, Q-9

T 4% AL B BRI 2R 5% 10% CFU/g.

Note: * The bacterium addition amount of each treatment group was 5x10* CFU/g feed.

®2 EHEEPCR3IMFTI
Tab.2 Real-time PCR primer sequences

A gene 5I¥F % (5'-3") primer sequence (5'-3")

=¥ K/ bp product size 55 accession number

Z0-1 F: ACACCTTCACCCGCACCAT
R: CATCATCCTCCAAAGCACTCG

Claudin F: TCAATGGCACGCTGGGTC
R: CACTGCTGTGGCAAAGTAAAGG
P-actin F: TGTTACCACTTCACGCCGACT

R: CACCTTCGCCGTTCCAGTT

105 XM_019089195
121 XM_019063180
118 M24113

TE: A SRR JGRE R 60 C.

Note: The annealing temperature of all primers was 60 C.
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1 7.0 L JCHZERIERY 7K, [ %7 Lightcycler480I1
SLH & 4t (Roche, Switzerland) 47, 2T
95 °C 10 min, 40 MEFFELFE 95 °C 55 F1 60 'C 155,
W04 ffe T e AR A 5 | 0 ZE BT A PCR v A R
Sk BT S BRI 100%, 55 i
i 27y B PP I (R Y Rk

1.53 MEMESH (ELRLATHE, KB

HAMFEN . P AERAL T 4.0%2 K PR
Wb A T, AR5 SR B A 1 (20% . 30% .
40%)K, BEHEVIRPLDIZEIRE R 8 um, FAK-
LI (HE)Ye {6 . 1 B #3955 (ZEISS, Axio Scope Al)
TSR IB LS L5 A g B K FNUZ R R .
1.6 GREHXEBEHSHT

i ) G EBF 7 928 W% B 52 36 (ELIS A) J7 25 46 it
T e 2 40 e 7 (TNF-a, IL-1p. IL-6. IL-12)
T2 20 M R F-(IL-10 . TGF-p)f ik 1)
TEAl LR FLER T ZE SR P 19 S P8 i Pk T &
Z, WIS 27885 i (0.05 mol/L fk iR £h 5%
M, pH9.6) AT (1 : IR A F A 96 fL
Immuno-Maxisorp Ht(Nunc)H', JF7E 4 CH#
T VR ST I 10%J58 B8 W49 1 W 2 T 3 141 2 h,
B i 7 e A TNF-a, IL-18 . IL-6 . IL-12 . IL-10
1 TGF-p £ SLFEdiiAR(1 : 1000), 37 CHEF 2 h.
SR G PR VRS, AL EPT S (B B 1% B 1 4504k
Y —40(1 : 20000), 37 CHFF 1 h, FHRERE
M3, 3, 5, S-PUHEECORRETE 37 CF AR
30 min, #Ji 50 pL 2mol/L ) HySO4 K 11 v,
FEIE ODyso nm A0 ARG, 38 15 AH R 14 Ao il

GtEs R, 2R pg/mL FR .

WAL, AR R & (R Bl ) B AR Y
T3 AR I L 37 v — 4801 BN O) 7K - R P 1 1R il
(AKP)7f 1 .
1.7 mENEXERUE

K8 AR A5 AT EIE MDA . GSH FlLEHTA
L HE J1(T-AOC) K- LA S it 45 fb & il (CAT) . GSH-
Px FEE A ALY B AL Bl (T-SOD) & P, HR 45 AH 54 1)
R & (g R, R D AT R
1.8 SZitah

S v BT A 0 B YR O A (B R o 22
(x £SSDYWIE X E I (n=3). W E 5P H SPSS
25.0 #fF(SPSS Inc., Chicago, IL, USA)I One-
way ANOVA ) Tukey #&¥5, W EMA TN
0.05,

2 HBRESH

2.1 AR AR AR 0 2L ER 2L K T X A E R AR Y B2 i

2.1.1 GHACEEEME RPN FLER FLEK X
T T PR RS PE RS WL 3. Bk GS d4h, Haps
Qb B % R A AR Y 3 e T X R
(P<0.05), HPAREFRACHLA F, G3 4(L. lactis Z-2)
AR AR oK o BAR G2 (L. lactis Q-9)IBUR:
AN Gl 41F0 G3 41, {25 L. lactis Q-8 HKREKG
(G4 d)BHEHTE S . JEHE 3 BRI G 8
W G7 41, B A B M T A A #A
(P<0.05). XF T HEWiM, 7EHmEMRAIRA P, G1 4
A G3 HEIBURIET G2 4H(P<0.05), 4K, {EHE

xR 3 RPN ELER FLEK I X 62 A7 18 E L ER TR 1R R

Tab.3 Effects of dietary Lactococcus lactis on the activities of intestinal enzymes of Cyprinus carpio

n=3;x+SD; U/mg prot

S0 group TR 1§ protease N6 i ki lipase VEN Tl amylase
X AE4H  control group 8.73+0.29° 33.49+3.42° 6.52+0.02°
Gl 12.68+0.68" 58.70+1.78°% 6.78+0.09*
G2 11.98+0.74° 43.53+3.35° 7.68+0.02°
G3 14.91+0.24% 57.86+1.15% 6.73+0.03°
G4 12.78+0.19% 52.33+3.30° 6.69+0.06°
G5 8.47+0.77° 59.24+2.13% 8.47+0.09¢
G6 14.56+0.80° 53.10+3.28% 7.19+0.08°
G7 17.30+0.40° 62.42+3.08° 6.88+0.23%

VE: R FVEE bR A 7] 3678 4 B A7 18 2 35 25 57 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).
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A WARGERA , G545 G7 HECERIE T G4 4L A0
G6 4., X TIeH i, B G2. G5 Al Go AbHi4 i
3 g 140 305 P 3 T R AL (P<0.05) 4, Higx b
FHZH 5% 20 22 A 2 25 (P>0.05)

212 EFEBREFEAHEXEEREKE WE 1
B, faBH s LR FLER I W S T il R
IEREE M Claudin 1 ZO-1 3 (335 (P<0.05),
H 2 T Ak b 34 20 7 25 SR P T B TR RR A B A
Claudin 3% K 78 .18 Bk AL BE 4 (8] G I 3% 2 &=
(P>0.05), T G3 HX] ZO-1 FERM M B E0T
HoAth > BA T Rk AL BRZH (P<0.05) , 75 22 T R AL FEL2H
H1, G6 I RICR AR RT3

N
9

n=3;x+SD

g
(=]
©

de ¢d

—
w
T
(e}

=
(=]

B AR A Rk
relative expression of target gene
o
W

i

ALY

(=]

Caludii Z0-1
aludin P gene

OControl BG1 BG2 BG3 BG4 NG5 B G6 ®G7
B feh sk o o g i B A i 4R R
AHICHE R 2 3K B R i
V& e [r) — o R AN [) < A 3R A [m) 41 1) 22 57 & 3 (P<<0.05).
Fig. 1 Effects of dietary Lactococcus lactis on the
expression of tight junction protein related genes in
intestine of Cyprinus carpio

Different letters in the same gene denote significant differences
between different treatment groups (£<0.05).

2.1.3 BFEARARS PR S LR 7L ER B
B IE TSR L2 4. Bk G4 HRiia sk, &4k
PRLE A7 A W 9B B 5 0 R ZE A L34 T 2
FZ 5 (P>0.05) (H A A B2 4 2 30 T i 906
KB (P<0.05), Hh G4 AL ERURBI, IVETH
PR AL B2 82 T P g s B L2 R
(P<0.05), 45 4b 320 X5 17 g 1) 52 ) 32 48 3 0L F %)
MR (P<0.05), H ZRERAHA RO E R %
22 REFESH

2.2.1 MFEABMEFHUNE RSz
R TR X L I Y A D R LR 5. ok, BR

G6 41 TNF-o FIl G7 ZHAY TL-10 b, 4540 BRAL Il
T AR 48 20 it DR T RN AR A TR B R 3 B
XA (P<0.05), HOR, FEFRFHAS AT, MR
22 TR R Ak 3L 2 X5) 240 B R 140 91 A P i X6 R
HER F55 TR bRAL P2, 45 W, Mkl
IS LR FLBR T AT @ ik R 40 B PR G e kR
e S ) G 8 IO 2, {HL 22 B ik Ak BT T fof AR ) £
IO & AR E

222 NO &2 WK 2 fiw, AR gL
FLEREA B85 T HLM S NO & #(P<0.05).
G3 A G6 2143 I TE 5 T AR AL B AN 22 T ik b B
PR S, (HA A B 2 () G 2
25 5% (P>0.05), Ff H H Ath b 3820 8] 1) 22 55 Mt A
.3 (P>0.05),

2.2.3  AKP &M DR gl 2L ER T X
I3 o AKP 36 M 2 Wi 3 B o 76T b 2R
Hrh, HA G341, G6 Ml G7 4%} AKP i&PER
S S 25 TN B 4H (P<0.05), 11 22 B AR AL B 4
MIVE ] 55— TR PR AL B2 22 R AN I

n=3;x+SD

[N N
(=] ]
T
0

NO concentration
— —_
[ Wi

— ARV B /(mmol/L)

w
T

O Control GI G2 G3 G4 G5 G6  G7
4341 group

B2 et b A 7L R LK B0 I 3 NO 5 4 Y52 1]
&1 AN [) B 38 7 20 ] 25 57 3 3 (P<0.05).
Fig. 2 Effects of dietary Lactococcus lactis on the NO content
in the serum of Cyprinus carpio
Different letters denote significant differences between
different treatment groups (P<0.05).

23 mEMHIEH

WE 4 Bz, Gk s L i 2LER i ) g
JIE B A A BE O B R 5 VR T 3 s TR IR A (P<
0.05), TEEATRRALIRL F, G3 ZHAE4R E GSH-Px il
T-SOD {4 & GSH % i | F#fik MDA 548 T
G1 ZHH1 G2 44(P<0.05). G1 ZHA1 G2 443 I%F CAT Fil



716 b E K B2 %30 &
301 NN
n=3:%+SD 3 iTit
251
X - T 5 5 8 2H 0 L S 0 R 1 4
2207 D a a 555 2 40 2% 15 S S B 0 fh 55 T BRI, ke 10 2 B0,
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K
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5
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X
%
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......

G6 G7

NI = N
Control G1 G2 G3 G4 G5
434 group

P33 b s LR LK T X BRI W AKP 335 P4 1 52 )
P o R ] 5 e 41 ) 2 5 8 8 (P<0.05).
Fig. 3 Effects of dietary Lactococcus lactis on AKP activity
in the serum of Cyprinus carpio
Different letters denote significant differences between
different treatment groups (£<0.05).

T-AOC T IS A 235 (1] 4a Fl 4¢). 5 LR RAL
PHAAR HE, 22 DA AR A B 21 A9 B (R 0 A AR RS (2
=, R T R, HG7 4% GSH-Px,
GSH fil MDA W/ER# 3%, PLTF X 4L FnH A
AEFRLL (] 4d, 4de, 4f).

Hope etk 45 fa 2 1 AR R DI HISER Y, BRi 2 4,
Wi 5 2 b E SRR E SRR L KBTS
R R0, 2550 & A o B A B2 IR,
fEFRp R, BR T AR R A E R Yy
i HEFFFR IR IREERRE AL, 38 W LA i 5
EAESRG . BRI 1E D) REEUE 52 1 18 15 05k A
PP AR, (R IR S g e A KL B
GEUESE, TAPRL R BRI 45 A o AT DAk 1E 3 0 i 18
TEHOIRAL . Bln, fEPE b T R AR T8 (Clostridium
butyricum) ] DA 5 BE 55 X IR (Penaeus monodon)
i 3 T P P 5 Y, O ek 8 9 S T PN R
YT A AR HEHLIR RS FeAR g rh, B8k
IR RIS RRFL RS e —E BT R E RS
TR A R U . R DR R B M, R E
22 DA R A B2 %) il 1% P A v Tk RELZE R T R
AFRAANT, AT BE R 25 AR T 1 B o SOR s 3

a
36( 280b  n=3;x+sD 250
< e >
57 5 O200 |
g 8.60r 2
a4t &0 =
o £ 5150 |
E = &
53t S0t 2
= ] i#100
992t = i
o Kool =
=1 K & S0t
¥ = b5
) @@@&&@&@ @@@@@@@@ @@@@&@&@
& ¢ 434 group ¢ 434 group ¢ 43 group
e
[72] — —
gsm»d n=3;X+SD %60@ n=3x+8D  f <4t n=3;x+sD
& 2 %
400t = 23
=] té" 40+ S
3001 = §2'
g 200 g’ %
¥ 220( 5
2100} § il
= 2 firs
B &
2 o TN 0
@& @@@&&@&@
¢ 434 group CPQ 4340 group

Fig. 4 Effects of dietary Lactococcus lactis on the hepatopancreas antioxidant capacity of Cyprinus carpio

& 4

[&] AN [) 7Bk 2R 41 7] 22 55 1 35 (P<0.05).

TRDRE Hh S 7L PR L R X LA R U 70 AP BE ) ) 52

Different letters denote significant differences between different treatment groups (P<0.05).
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x4

ARPRMABRIKRENEFERAEREMIEEENS

A1|

Tab. 4 Effects of dietary Lactococcus lactis on the villus length and muscle thickness in intestine of Cyprinus carpio

n=3; x+SD

4l group

94 B K /um villus length

WUZ

J& £ /um muscle thickness

Hillh foregut % midgut JEW hindgut Hils foregut " midgut S5 hindgut

Xt R4 control group 1153.47+43 .86 859.49+32.70° 937.85+54.41* 85.87+4.85"  77.82+1.92° 58.63+5.35"
Gl 1175.24+11.03° 1158.07+31.44° 1056.27+106.68"  123.88+1.90°  84.65+1.74™  54.96+6.05"

G2 1243.30+£81.91* 1251.27+£57.72% 859.00+34.20°  122.44+5.52°  86.27+4.26™°  55.81+2.97°

G3 1267.80£109.69™  1351.45+41.66% 913.82+21.13*  130.42+2.55°  83.49+5.94° 61.08+2.66™

G4 1446.51+£52.33° 1433.59+28.11¢ 974.49+70.57"  136.31£9.09°  95.98+3.67™¢  73.64+2.49°

G5 1190.77+73.24° 1345.95+66.85% 876.93+49.56"™  138.82+4.20°  81.95+6.17° 66.39+2.01%

G6 1083.71£24.51° 1200.72+22.75% 882.64+£10.43™  170.98+3.97° 101.10+2.81¢ 96.20+5.04¢

G7 1205.22+53.34° 1137.30+57.43° 887.06£29.96™  125.77+5.71"  98.04+2.61°°  95.10+5.15¢

T [FFVEHE AR AN R 30 21 (R A7 7E 1. 35 25 5+ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

RS ARPRMEERZLIKE X 82 I 5 4 E T 5 E R

AT|

Tab.S Effects of dietary Lactococcus lactis on cytokines secretion in the serum of Cyprinus carpio
n=3; x£SD; pg/mL

pon i 4% 240 it K . . PR 20 K _
pro-inflammatory cytokine anti-inflammatory cytokine

group TNF-a IL-1p IL-6 IL-12 IL-10 TGF-B
XFHEZH control group 6.89+0.30" 70.61+1.87° 11.63+0.30° 305.33+£2.25° 30.25+0.28° 74.4140.55°
Gl 8.40+0.28° 115.57+2.13% 13.74+0.66° 448.94+4 80" 35.79+1.05° 105.63+1.39%
G2 10.70+0.21° 113.26+4.58° 16.94+0.24< 420.16+8.14° 34.11+0.96" 116.11+1.28°
G3 11.51£0.26° 134.85+4.33% 20.46+0.49° 461.10+5.63" 40.19+0.71¢ 104.00+0.91°
G4 12.52+0.29¢ 108.75+7.70° 20.39+0.29° 382.72+0.98% 39.65+0.67° 107.37+2.73¢
G5 8.45+0.14° 108.26+5.51° 13.99+0.53° 376.55+2.93% 33.02+0.46" 98.11+1.72°
G6 7.73£0.15"  110.91+4.45 18.50+0.57% 352.76+10.96" 34.48+0.27° 97.89+0.09°
G7 13.7340.11° 147.95+3.90¢ 15.10+0.42% 404.16+5.19% 31.35+0.14® 107.67+0.82¢

e [FFVEHE AR AN IR 30 20 (R A7 7E B3 25 5+ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

38 4 WA AL A 45 SR EOST L B A, AT 5T R
EPE‘J?L@&#Lf*IEIﬁiﬁﬂﬁ%ﬂ@%éﬂi%ﬁfﬁ%ﬂﬂﬂ%@
o AHTRI BT AE 2R I, AR S R B
YFI-SC2 il & fili A B 25 1 #T 1 (Se-rich  Bacillus
subtilis) ] 24 3% g, [C R B MR (Procambarus  clarkii)
R i AR, A
Bacillus sp.. Lactobacillus sp.. Enterococcus sp.)

A AR JE B B R A il A T N R

¥k (Pediococcus sp. .

(S A R, T A B 1 1 T
ie AR A 3 X R R T R RE 1Y, )
TR B T USRI 22 py Wi AL, A

Xob 4 7 W o B WAL bjj B AR A Kb gl
HAWRTERM, W bR Ah oL R, B B T

577 B0 TR AR 21 204 g 1 4 WA ) o A e AR S
I 3 300 5 1 4 %JEV\]E"J%JE1¢$H@EE%EEI
?123 #/\Iﬂl(ﬁl% LI AR H AL, 51
I AR AR, SR e BB N . R
FLBRFLERE 16-7 (L. lactis 16-7)A] 1B K H
ML (4. hydrophila)i 3K B8 (Carassius auratus)
i 3 o T AR 5 BT T A LR T T gt
W R B R 1 (Claudin . ZO-1) 3P 3Rk K
ST A i L 1 5 B e M, B 2 Rk TR
I I AR .
241 A1 - 2 PR S 2 A R — Sl S0 At
A G 1) EL AR 8 51 DR AR 3 oy M A g2 e g A
YRR N TR AP AN, MLk 2



718 Hh [ K R

530 %

FNIPFRIBLS, RN Z R A AR NO FERFE
ML T A5 LA G P R0 8 240 L 55
] A% A A TV AKP J2 VA Tl A 52 B 1k O AR
G, FEALAR Y e 1o AR rh A G R 1
AR R WoR, ARk 3y ) 2L e 7Lk
Z-2 (L. lactis Z-2)if i 8 2 $2 i 00 355 A A [ 7
1 NO /Ko AKP 3 P 1 22 42 G o1 3 1 0
PR S IR RE ZF T T (Bacillus subtilis) NZ86
F1 O14VRQ T {35 i 25 ML UK Hh ¥ TR B (LZM) T 1
AR (D A 43 b, I R i e 48 4 e
RS R R ik i, AT i 2 IR 6. (Oreochromis
mossambicus) i) 5 5B F4x B el i, 55— T3
W R, SN 45 A T I 3 0 T A K b AR
LZM I AKP f3EE, JFCE T s AEiE R 5 TNF-a.
IL-1B R IL-10 930", HEEE A 254 TR I 14
X} g K S 0 TR (Aeromonas  hydrophila) W 5
(A7 15 25669, 7%) i 25 18 T % BRA1BY, LT A
AT SR Il b ) 25 A RS SR T 1 3 B9 S RE ) A
BURRE T, TIPS i 1 B i o S AT R
AL, FEASHIFSE v, 38 2k 46 I it 35 w4 A P
NO & i, ReIPAb il ys R MMOG LR, 450
W RIS INFLER R T, A BRZH 04 240 i A 5Ok P
W0 T, XA RS B T RLBR A A AR T A
925 2 2 T 2 R AL IR -, DT RS 5 T B i S
N o BEAh, B ER RN TSN FLER R, #5403 ) 1
5 NO Frathfds] 745 . NO Z—FhEEZn iy
VT4 T, AR GRBE RN P e P S Y 3
T NO 5 fa R W ZLBKTE 1 7 AR i 1T ) B 322
RGEYE 3 Ah, TR MFLIRE G, 25 0B
AKP {5 B3, X K FLEKE s A B T
P& 5 ) S RE T RE FNPLG E ) o W B R,
R Z R RAL P AR S B — R PR AR LLIE A
2, AR T LIS 45, AR s i FLEk TR
Xof 1 i B ) B 5 S I B RR 5 e, i — 20 1Y
I ] BT ZER R A R L BR o B AR 0 4L A DL SGE
M, DA e se i R AR .

JH I 2t 2R P AL AR T, Hbt A ik
fE AT LR LR S g fie 1Y, KRR C A
FEARE A T B AL ROV TS0 Hrsafbfig
Py WEeE 1 L s R N ol E =g v/ O 15/ | ) |

BT £ ZE 0 FF 1 (Bacillus aryabhattai) TBRC8450 1]
VE 9 B 38 A XT B (Litopenaeus Vannamei) VK& P BT
AALTE PR, JF 3 VR A b A A il 3 A
ek BT e St MR, R A A
SEAUFT T (Bacillus subtilis) E20 FIXTER, $T AL
(1383 LT B B R RIS, 225 8 R I SR AR R,
) B 22 B 25 2F 98 KT R (Paenibacillus  polymyxa)
ATCC 842 AhPEIRHE 1Y 980 1 X IR By B LA AL
Aey, JRRIHUMERLN Y XA AL, T
MR 12 W (Clostridium butyricum) CBGO1 ZH X #F IfiL
iH T POD. SOD V& PEFI T-AOC fi& 1 LA Rk
JIE T SOD 35k [R] f) FH o 25 3k 1 14y b 2 45 1001 it A,
T3 A e UL B 2 B g 5 SR RO AR g
TRl rh S I 2L R L3R RO P IR FUE 47T 45k BB T
TR IR A S T IR, R R AT R R DR i
0 LR T fig e o 02 T 4 B rh B AR A R R i 2Rk
AT B [ HH 2 5 B T ik A Ak P 40 o B JB a4
A0 B3R B E AR T, B BARAE HTIL ) 0 75 2L
E—25E . ILAk, Z RIS G7 Ab3dd

X} GSH-Px. GSH Fll MDA [ 5 %8s %if FE 2 F1
kb B2 B R 2
4 it

Li LTI, et v s T L R L BK i X B 1
e . S R RBEMPTE AT TR A B, Jf
HZwtke & M HECR LT 8 —witk . AR AT
AE -5 56 ol 1 LR 0 i T R AR O 91 A O, M
PRt P05 . LSRR, SRS
AR R A A TR AR AR N T 3R A

S 3k

[1] Das S, Mondal K, Haque S, et al. A review on application of
probiotic, prebiotic and synbiotic for sustainable develo-
pment of aquaculture[J]. Journal of Entomology and Zoology
Studies, 2017, 5(2): 422-429.

[2] Rekecki A, Dierckens K, Laureau S, et al. Effect of germ-
free rearing environment on gut development of larval sea
bass (Dicentrarchus labrax L.)[J]. Aquaculture, 2009,
293(1-2): 8-15.

[3] Maynard C L, Elson C O, Hatton R D, et al. Reciprocal
interactions of the intestinal microbiota and immune system[J].
Nature, 2012, 489(7415): 231-241.



%61 XU /N DA ARDAk H IS o Rk A 22 Bk LR FLER B T B A 1A fRR . S R S AT S fL BE T B 52 T 719
[4] Cabello F C. Heavy use of prophylactic antibiotics in TRULE, SRR IR A 25 AR R LA E XTI K e

(5]

(6]

(7]

(8]

[9]

(10]

(11]

[12]

[13]

[14]

[15]

aquaculture: A growing problem for human and animal
health and for the environment[J]. Environmental Microbi-
ology, 2006, 8(7): 1137-1144.

Tanwar J, Das S, Fatima Z, et al. Multidrug resistance: An
emerging crisis[J]. Interdisciplinary Perspectives on Infec-
tious Diseases, 2014, 2014: 541340.

Hai N V. Research findings from the use of probiotics in
tilapia aquaculture: A review[J]. Fish & Shellfish Immun-
ology, 2015, 45(2): 592-597.

Newaj-Fyzul A, Al-Harbi A H, Austin B. Review: Develop-
ments in the use of probiotics for disease control in aquac-
ulture[J]. Aquaculture, 2014, 431: 1-11.

Song S K, Beck B R, Kim D, et al. Prebiotics as immuno-
stimulants in aquaculture: A review[J]. Fish & Shellfish
Immunology, 2014, 40(1): 40-48.

Amenyogbe E, Chen G, Wang Z L, et al. The exploitation of
probiotics, prebiotics and synbiotics in aquaculture: Present
study, limitations and future directions.: A review[J].
Aquaculture International, 2020, 28(3): 1017-1041.

Xia Y, Yi H X, Fan R B, et al. Effects of dietary lactic acid
bacteria on the meat quality of juvenile Litopenaeus vann-
amei[J]. Journal of Fishery Sciences of China, 2020, 27(1):
74-82. [EFH, ZAETE, AN, & WRFLRR X FLYg i
X MR 207 0 PR J5 s [J]. B K PR R, 2020, 27(1):
74-82.]

Feng J C, Chang X L, Zhang Y R, et al. Effects of Lactoco-
ccus lactis from Cyprinus carpio L. as probiotics on growth
performance, innate immune response and disease resistance
against Aeromonas hydrophila[J]. Fish & Shellfish Imm-
unology, 2019, 93: 73-81.

Ringe E, Van Doan H, Lee S, et al. Lactic acid bacteria in
shellfish:  Possibilities challenges[J].
Fisheries Science & Aquaculture, 2020, 28(2): 139-169.
Naiel M A E, Farag M R, Gewida A G A, et al. Using lactic

and Reviews in

acid bacteria as an immunostimulants in cultured shrimp
with special reference to Lactobacillus spp.[J]. Aquaculture
International, 2021, 29(1): 219-231.

Feng J C, Liu S S, Zhu C J, et al. The effects of dietary
Lactococcus spp. on growth performance, glucose absorption
and metabolism of common carp, Cyprinus carpio L.[J].
Aquaculture, 2022, 546: 737394.

Xia L, Zhao M J, Zhang H Y, et al. Effects of different
proportions of a group of compound bacteria on growth,
innate immunity, and ammonia nitrogen resistance in Pacific
white shrimp, Litopenaeus vannamei[J]. Journal of Fishery
Sciences of China, 2015, 22(6): 1299-1307. [& %, ®IHZ,

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Pe RATRARE IR, PR, 2015, 22(6):
1299-1307.]

Dias J] A R, Alves L L, Barros F A L, et al. Comparative
effects of using a single strain probiotic and multi-strain
probiotic on the productive performance and disease
resistance in Oreochromis niloticus[J]. Aquaculture, 2022,
550: 737855.

Li Z Q, Bao N, Ren T J, et al. The effect of a multi-strain
probiotic on growth performance, non-specific immune
response, and intestinal health of juvenile turbot, Scophtha-
Imus maximus L.[J]. Fish Physiology and Biochemistry,
2019, 45(4): 1393-1407.

Abasolo-Pacheco F, Campa-Cérdova A I, Mazén-Suastegui J
M, et al. Enhancing growth and resistance to Vibrio alginoly-
ticus disease in Catarina scallop (Argopecten ventricosus)
with Bacillus and Lactobacillus probiotic strains during early
development[J]. Aquaculture Research, 2017, 48(9): 4597-
4607.

Mohammadi G, Rafiee G, Tavabe K R, et al. The enrichment
of diet with beneficial bacteria (single- or multi- strain) in
biofloc system enhanced the water quality, growth perform-
ance, immune responses, and disease resistance of Nile
tilapia (Oreochromis niloticus)[J]. Aquaculture, 2021, 539:
736640.

Zhang C N, Pu C C, Yuan X Y, et al. Effect of dietary
fructooligosaccharide and Lactobacillus delbrueckii on
growth performance, blood index, and antioxident activity in
koi carp (Cyprinus carpio)[J]. Journal of Fishery Sciences of
China, 2021, 28(8): 1001-1010. [3kFE, Himts, =/NE,
S5 PR R IR AR PR R A A RS
FRAPURACAEAR AR M [D]. o EKF=RR2E, 2021, 28(8):
1001-1010.]

Mirghaed A T, Yarahmadi P, Hosseinifar S H, et al. The
effects singular or combined administration of fermentable
fiber and probiotic on mucosal immune parameters, digestive
enzyme activity, gut microbiota and growth performance of
Caspian white fish (Rutilus frisii Kutum) fingerlings[J]. Fish
& Shellfish Immunology, 2018, 77: 194-199.

Sangma T, Kamilya D. Dietary Bacillus subtilis FPTB13 and
chitin, single or combined, modulate systemic and cutaneous
mucosal immunity and resistance of catla, Catla catla
(Hamilton) against edwardsiellosis[J]. Comparative Immu-
nology, Microbiology and Infectious Diseases, 2015, 43:
8-15.

Ren W, Wu H W, Guo C, et al. Multi-strain tropical Bacillus

spp. as a potential probiotic biocontrol agent for large-scale



720

o il K B 2

530 %

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

enhancement of mariculture water quality[J]. Frontiers in
Microbiology, 2021, 12: 699378.

Rajasulochana P, Gummadi S N. A probiotic based product
using multi-strain Bacillus species and predictive models for
shrimp growth following probiotic intervention[J]. Aquac-
ulture, 2022, 551: 737869.

Chen X Q, Xie J J, Liu Z L, et al. Modulation of growth
performance, non-specific immunity, intestinal morphology,
the response to hypoxia stress and resistance to Aeromonas
hydrophila of grass carp (Ctenopharyngodon idella) by
dietary supplementation of a multi-strain probiotic[J].
Comparative Biochemistry and Physiology Toxicology &
Pharmacology: CBP, 2020, 231: 108724.

Chen X Q, Zhang Z H, Fernandes J M O, et al. Beneficial
effects on growth, haematic indicators, immune status,
antioxidant function and gut health in Juvenile Nile tilapia
(Oreochromis niloticus) by dietary administration of a
multi-strain probiotic[J]. Aquaculture Nutrition, 2020, 26(4):
1369-1382.

Vazirzadeh A, Roosta H, Masoumi H, et al. Long-term
effects of three probiotics, singular or combined, on serum
innate immune parameters and expressions of cytokine genes
in rainbow trout during grow-out[J]. Fish & Shellfish
Immunology, 2020, 98: 748-757.

Wang J L, Feng J C, Liu S S, et al. The probiotic properties
of different preparations using Lactococcus lactis Z-2 on
intestinal tract, blood and hepatopancreas in Cyprinus
carpio[J]. Aquaculture, 2021, 543: 736911.

FengJC,Cai Z L, Chen Y Y, et al. Effects of an exopolysa-
ccharide from Lactococcus lactis Z-2 on innate immune
response, antioxidant activity, and disease resistance against
Aeromonas hydrophila in Cyprinus carpio L.[J]. Fish &
Shellfish Immunology, 2020, 98: 324-333.

Dawood M A O. Nutritional immunity of fish intestines:
Important insights for sustainable aquaculture[J]. Reviews in
Aquaculture, 2021, 13(1): 642-663.

Kaiser F, Harloff H J, Tressel R P, et al. Effects of
supplemented anti-nutritive substances from rapeseed on
growth and health performance of rainbow trout (Oncor-
hynchus mykiss)[J]. Aquaculture, 2021, 536: 736422.
Buddington R K, Krogdahl A, Bakke-Mckellep A M. The
intestines of carnivorous fish: Structure and functions and the
relations with diet[J]. Acta Physiologica Scandinavica Suppl-
ementum, 1997, 638: 67-80.

Zhang J X, Huang M Y, Feng J C, et al. Effects of dietary
Bacillus licheniformis on growth performance, intestinal

morphology, intestinal microbiome, and disease resistance in

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

common carp (Cyprinus carpio L.)[J]. Aquaculture Intern-
ational, 2021, 29(3): 1343-1358.

Duan Y F, Zhang J S, Huang J H, et al. Effects of dietary
Clostridium butyricum on the growth, digestive enzyme
activity, antioxidant capacity, and resistance to nitrite stress
of Penaeus monodon[J]. Probiotics and Antimicrobial
Proteins, 2019, 11(3): 938-945.

El-Saadony M T, Alagawany M, Patra A K, et al. The
functionality of probiotics in aquaculture: An overview[J].
Fish & Shellfish Immunology, 2021, 117: 36-52.

EL-Haroun E R, Goda A M A S, Kabir Chowdhury M A.
Effect of dietary probiotic Biogen® supplementation as a
growth promoter on growth performance and feed utilization
of Nile Tilapia Oreochromis niloticus (L.)[J]. Aquaculture
Research, 2006, 37(14): 1473-1480.

Verschuere L, Rombaut G, Sorgeloos P, et al. Probiotic
bacteria as biological control agents in aquaculture[J].
Microbiology and Molecular Biology Reviews, 2000, 64(4):
655-671.

XuY,LiYQ,Xue MY, et al. Effects of dietary Saccha-
romyces cerevisiae YFI-SC2 on the growth performance,
intestinal morphology, immune parameters, intestinal
microbiota, and disease resistance of crayfish (Procambarus
clarkia)[J]. Animals: an Open Access Journal from MDPI,
2021, 11(7): 1963.

Shang X C, Yu P, Yin Y W, et al. Effect of selenium-rich
Bacillus subtilis against mercury-induced intestinal damage
repair and oxidative stress in common carp[J]. Comparative
Biochemistry and Physiology: Toxicology & Pharmacology,
2021, 239: 108851.

Ramos M A, Batista S, Pires M A, et al. Dietary probiotic
supplementation and the intestinal

improves growth

morphology of Nile tilapia[J]. Animal: an International
Journal of Animal Bioscience, 2017, 11(8): 1259-1269.

Reda R M, Selim K M. Evaluation of Bacillus amyloli-
quefaciens on the growth performance, intestinal morpho-
logy, hematology and body composition of Nile Tilapia,
Oreochromis niloticus[J]. Aquaculture International, 2015,
23(1): 203-217.

Yu Q H, Yuan L X, Deng J, et al. Lactobacillus protects the
integrity of intestinal epithelial barrier damaged by
pathogenic bacteria[J]. Frontiers in Cellular and Infection
Microbiology, 2015, 5: 26.

Dong Y H, Yang Y Y, Liu J, et al. Inhibition of Aderomonas
hydrophila-induced intestinal inflammation and mucosal
barrier function damage in crucian carp by oral admini-

stration of Lactococcus lactis[J]. Fish & Shellfish Immu-



%5 6 3]

XU/ DY A DR r S T B R A 22 ok LR LK B B S (R B . e K S AT LA RE T A S

721

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

nology, 2018, 83: 359-367.

Nayak S K. Probiotics and immunity: A fish perspective[J].
Fish & Shellfish Immunology, 2010, 29(1): 2-14.

Kazun B, Kazun K. Probiotics in aquaculture[J]. Medycyna
Weterynaryjna, 2014, 70(1): 25-29.

Villamil L, Figueras A, Aranguren R, et al. Non-specific
immune response of turbot, Scophthalmus maximus (L.),
experimentally infected with a pathogenic Vibrio pelagius[J].
Journal of Fish Diseases, 2003, 26(6): 321-329.

Gao S X, Liu C H, Qu S F, et al. Non-cell Corynebacterium
parvum generated by nanotechnology: A promising immuno-
modulator with less side effects[J]. International Immuno-
pharmacology, 2007, 7(10): 1334-1342.

Oner M, Atli G, Canli M. Changes in serum biochemical
parameters of freshwater fish Oreochromis niloticus following
prolonged metal (Ag, Cd, Cr, Cu, Zn) exposures[J]. Environmental
Toxicology and Chemistry, 2008, 27(2): 360-366.

Yan F J, Tian X L, Dong S L, et al. Growth performance,
immune response, and disease resistance against Vibrio
splendidus infection in juvenile sea cucumber Apostichopus
Jjaponicus fed a supplementary diet of the potential probiotic
Paracoccus marcusii DB11[J]. Aquaculture, 2014, 420-421:
105-111.

Galagarza O A, Smith S A, Drahos D J, et al. Modulation of
innate immunity in Nile tilapia (Oreochromis niloticus) by
dietary supplementation of Bacillus subtilis endospores[J].
Fish & Shellfish Immunology, 2018, 83: 171-179.

Giri S S, Kim H J, Kim S G, et al. Effects of dietary
Lactiplantibacillus plantarum subsp. plantarum L7, alone or
in combination with Limosilactobacillus reuteri P16, on
growth, mucosal immune responses, and disease resistance
of Cyprinus carpio[J]. Probiotics and Antimicrobial Proteins,
2021, 13(6): 1747-1758.

Jin HM, Yan C, Xiao T F, et al. High fish oil diet promotes
liver inflammation and activates the complement system[J].
Molecular Medicine Reports, 2018, 17(5): 6852-6858.

Li H'T, Wu M, Wang J, et al. Protective role of Angelica
sinensis extract on trichlorfon-induced oxidative damage and
apoptosis in gills and erythrocytes of fish[J]. Aquaculture,
2020, 519: 734895.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Mukai K, Shimasaki Y, Qiu X C, et al. Effects of light and
hydrogen peroxide on gene expression of newly identified
antioxidant enzymes in the harmful algal bloom species
Chattonella marina[J]. European Journal of Phycology, 2019,
54(3): 393-403.

Chen S J, Yu Y Y, Gao Y J, et al. Exposure to acute
ammonia stress influences survival, immune response and
antioxidant status of Pacific white shrimp (Litopenaeus
vannamei) pretreated with diverse levels of inositol[J]. Fish
& Shellfish Immunology, 2019, 89: 248-256.

Noorin Z, Mukhtar A K. Growth, feed utilization,
mineralization and antioxidant response of stinging catfish
Heteropneustes fossilis fed diets with different levels of
manganese[J]. Aquaculture, 2019, 509: 120-128.
Tepaamorndech S, Chantarasakha K, Kingcha Y, et al.
Effects of Bacillus aryabhattai TBRC8450 on vibriosis
resistance and immune enhancement in Pacific white shrimp,
Litopenaeus vannamei[J]. Fish & Shellfish Immunology,
2019, 86: 4-13.

Chien C C, Lin T'Y, Chi C C, et al. Probiotic, Bacillus
subtilis E20 alters the immunity of white shrimp, Litope-
naeus vannamei via glutamine metabolism and hexosamine
biosynthetic pathway[J]. Fish & Shellfish Immunology, 2020,
98: 176-185.

Amoah K, Huang Q C, Dong X H, et al. Paenibacillus
polymyxa improves the growth, immune and antioxidant
activity, intestinal health, and disease resistance in Litope-
naeus vannamei challenged with Vibrio parahaemolyticus[J].
Aquaculture, 2020, 518: 734563.

Luo K, Tian X L, Wang B, et al. Evaluation of paraprobiotic
applicability of Clostridium butyricum CBGOI in improving
the growth performance, immune responses and disease
resistance in Pacific white shrimp, Penaeus vannameilJ].
Aquaculture, 2021, 544: 737041.

Jahazi M A, Hoseinifar S H, Jafari V, et al. Dietary
supplementation of polyphenols positively affects the innate
immune response, oxidative status, and growth performance
of common carp, Cyprinus carpio L.[J]. Aquaculture, 2020,
517:734709.



722 Hh K R 530 &

The effects of dietary single strain or multistrain Lactococcus lactis on
intestinal health, innate immunity, and antioxidant activity of common
carp (Cyprinus carpio)

LIU Xiaobei, LIU Shasha, CUI Wenshan, YUAN Xiao, CHANG Xulu, ZHANG Jianxin, FENG Junchang

Engineering Technology Research Center for Aquatic Animal Cultivation of Henan Province; College of Fisheries,
Henan Normal University, Xinxiang 453007, China

Abstract: In the present study, we evaluated the effects of dietary single strain or multistrain Lactococcus lactis on
the intestinal health, innate immunity, and antioxidant activity of common carp. Common carp (44.79+0.13 g)
were fed a control diet or one of the seven diets with supplementary Lactococcus lactis [Lactococcus lactis Q-8
(G1); L. lactis Q-9 (G2); L. lactis Z-2 (G3); L. lactis Q-8 and L. lactis Q-9 (G4); L. lactis Q-8 and L. lactis Z-2
(GYS); L. lactis Q-9 and L. lactis Z-2 (G6); L. lactis Q-8, L. lactis Q-9 and L. lactis Z-2 (G7)] for 60 days. The
corresponding results showed that the activities of intestinal digestive enzymes (protease, amylase, and lipase) and
the expression of tight junction protein [Claudin, ZO-1] genes were significantly increased by treatment with
dietary Lactococcus lactis; further, the effects of the multi-strain treatment groups were significantly higher. In
addition, all treatment groups exhibited significantly higher microvilli length in the midgut and enhanced levels of
tumor necrosis factor-alpha (TNF-a, except G6), interleukin-6 (IL-6), IL-12, IL-1B, IL-10 (except G7),
transforming growth factor-beta (TGF-f), and nitric oxide (NO) production in the serum, compared to those of the
control group. Multistrain treatment significantly increased the muscle thickness of the entire intestine; however,
the effect on alkaline phosphatase (AKP) activity in the serum was not significant. Nonetheless, the regulatory
effects of dietary Lactococcus lactis on the antioxidant capacity of the hepatopancreas were significantly higher
than those of the control group, and the G7 group had a more prominent effect on glutathione peroxidase
(GSH-Px), glutathione (GSH) and malondialdehyde (MDA) production. In conclusion, the three Lactococcus
lactis strains evaluated in this study were effective in improving intestinal health, immune response, and
antioxidant capacity in common carp and exhibited a synergistic effect when used as a combined dietary treatment.
Overall, this study can provide an additional reference point for the application of probiotics in aquaculture.
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