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Screening and Identification of Lactobacillus Strains against Salmonella for Chicken
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ZHAO Sihui, HAN Qiqi, LIU Huazhen”
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Abstract: The aim of this study was to identify the Lactobacillus strains that are resistant to
Salmonella and provide antibiotic alternatives for the chicken industry. Lactobacillus were isolated
from chicken jejunal contents using MRS medium, candidate strains were screened by in wvitro
bacterial inhibition, acid resistance, enzyme production and adhesion, selected strains were orally
administered to one-day-old AA chickens for 28 days to evaluate their effects on growth performance.
At 42 days, a Salmonella challenge test was conducted to validate the inhibitory effect against
salmonellosis, finally the Lactobacillus strain resistant to Salmonella was identified. Results: A total
of 27 Lactobacillus strains (including 13 strains of Ligilactobacillus salivarius, 11 strains of

Limosilactobacillus reuteri, 2 strains of Lactobacillus johnsonii, and 1 strain of Lactobacillus gasseri)
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were isolated and identified, among which L. salivarius S31 could significantly inhibit Salmonella
Typhimurium and Sa/monella Gallinarum, with survival rate of more than 50% at pH 3.0, and
produce protease and lipase. This suggests that S31 strain not only has a strong ability to inhibit
Salmonella, but also has gastrointestinal adaptability and potential probiotic function. The results of
animal experiments showed that the transplantation of L. salivarius S31 strain for 28 d significantly
increased the body weight (P<C0. 000 1), leg muscle weight (P<Z0.001), breast muscle weight (P<C
0.01), jejunum length (P<<0.01), intestinal villi length (P<C0.05), goblet cell counts (P<<0.05),
and abundance of Lactobacillus in jejunum of the chickens (P<Z0.05), which suggests that S31 strain
can promote the growth of chickens. The Salmonella attacking was carried out at 42 days, and
bacterial load of the spleen (P<C0.05) , the transcription levels of TLR-4, MyD88 and AP-1
signaling pathways in the ileum (P<Z0.01), and the transcription levels of pro-inflammatory factors
IL-1B, IL-6 and IL-12 (P<C0.05) in L. salivarius S31 transplantation group were significantly lower
than those in the control group, and the jejunum and ileum structures were intact. L. salivarius S31
strain exhibits robust Sal/monella-inhibitory capacity, favorable gastrointestinal adaptability, and

superior growth-promoting properties, demonstrating significant potential for practical applications.

Keywords: chicken; Lactobacillus; Salmonella; antibacterial activity
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i A BRA ) 8 R 28 A0 43 OOt BE T (F-2100) (AT
% A EARGBRAFD .
1.2 IBHAEEHKRNSBETE

WA 25 i N 25 W0 FE L R T MIRSS [ 4% % 37 ik
37 CHigR 48 hm , R HUHL 4 B 1 5 kA7 4l fb 35 5%
I Ao 2 Y (0 SR TR AR T AS o L Al Ak T T R A
Mo, i ] 48 s 51 ) (F: 57 ~AGAGTTTG-
ATCCTGGCTCAG-3"; R: 5 -GGTTACCTTG-
TTACGACTT-3") # 17 PCR ¥ 1§ T i 1 #k 16S
rRNA L . § 3 =ik =4 T AW TR (1) ik
O A7 BR 2 J1I 96 W 7 45 2R 48 NCBI i 17
Blast % 4387 o
1.3 RSMBIEMERE N138  smE ThREMR I M B
oF 09 L ER T B 15 1 B Ak
1.3.1 Mk ATl i 8 oy R
i FE VS TT B (CP112994. 1 T ¥k ) K2 X9 445 J€ ¥b 1] B
(CICC 21510 W #% ) o ¥ ¥ '] W& 36 16 JF 76 B &=
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23,
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1.3.3  TRWAS [A] 20 23 i 410 o 1k BB AR 52 W By i
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Auto-aggregation ( %)=(1—At/A0) X 100%
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234 B N GO YD TR A FLIRR AT B bR 1k 5 2

1077

TR (%) =C,/Cy, X 100%
1.4  Zh¥id 06 08 1% E F AR B Th B
1401 5 A R B VBRI AR HE SO PE XS VD 1T T Bl
il 25 HAERRBE W 3500 rrmin ' 15 min &0 FF
WM ERFL0.75% A B ER KR AT & F (1K
10° CFU-mL ") o #4431 1 (CICC 21510 B
R 1% 8200 T NA #5573, 37 °C 180 remin ' 12 h,
3500 remin ' 15 min .00 % LW, A 0. 75% A= 34
BRI RO BE 29 2 1< 10" CFU-mL s
1.4.2 %3 wa PEFE L H I AA WX
HHESI mL
FEMIAL: SRR
XTBRZH: 0.75%E L K

% 4

FALE

() VEN IR I s W, AL 3y 25 A= TR A% A 20 A4 3
KX RG] . WA WA T, g RS KRS
I mL 254 AW (1X10° CEU-mL 1), % B8 20 4 X8 4
H#E 1mL 0.75% A BREhK  ELEWEE 28 d, 1F
30 H IR BEHL YL P 4H 45 12 MR BT il Uk .
Tk — R 5 A R RS AR R A A VD ] B R YA
PUVER R BB 12 MR F A O A A AR 4k 2 1) I 5
42d, 78 1 mL AT TR (CICC 21510 i) B
(1X10" CFU-mL "), F7E 46 A (E 1) 3554
FERA R PRI A5 0 T BEA TR, B B SR B AIROK .

[SERTIRAESH AN =N
(n=12) fEFI Bt

HEH 1 mLG 598
VIR EMEIR ikt

4 4 4 S \\(7 }r
L e & & ) )
LV - T ) ,C T T \ ) T f? ] T i‘ﬁ
o & L1 Day 1 Day 28 Day 30 Day 42 Day 46 R
\ ) L J

HLER28 d
E1 sh¥idiiRitimiEE

Fig. 1 Animal experiment design flowchart
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1.4.5 BiEdLIES BUZS Ty B 1wl Jigy 4 29 46 4
AWEY) R IF AT AR R AL (HE e 1) o 7E
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HIES
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Table 1 List of genes and primer sequence for quantitative real-time PCR analysis

SR 519541 (5'—>3") Z% 74

Genes Primer sequences Accession No.

pB-actin F: GTGGATCAGCAAGCAGGAGT NM_205518. 1
R: ATCCTGAGTCAAGCGCCAAA

TLR-4 F: TGACCTACCCATCGGACACT NM_001030693. 2
R: CTCAGGGCATCAAGGTCTCC

MyD88 F: GAGGGATGATCCGTATGGGC NM_001030962. 5
R: ACACGTTCCTGGCAAGACAT

AP-1 F: CTACGAGGATGCCCTGAACG NM_001031289. 2
R: ATGTCGGCGTTCTTGTTCCT

IL-1B F: ACCTACAAGCTAAGTGGGCG NM_204524. 1
R: ATACCTCCACCCCGACAAGG

1L.-6 F: CTCCTCGCCAATCTGAAGTC NM_204628. 2
R: AGGCACTGAAACTCCTGGTCT

I1L.-12 F: ATTACTTTCCTTTGCTGCCCTTC NM_213571.1

R: CTGGTGTCTCATCGTTCCACTC

1.5 Sit=aHm

% Fl GraphPad Prism 9. 5 %248 %f 048 8 17 48 11
SR FHAER . B BE DO B+ FRE LR (Mean=+
SEM) 7 , M 41808 18] 2E 17 « K 56 40 B (Student” s
ttest) , =4 K = 4H DL b O i R R O 22 00 b
(one-way ANOVA) M A B G L. P&
PEFRUEN ,ns. P=>0.05, R/mZ 7T EFM;*. P<
0.05,F /R ZEF W FH;*x. P<0.01;%+*. P<<0.001;
ik P<(0. 000 1 ¥ F R 22 0 B % .

2 & R
2.1 2THREABHEEKRNSBELERE

7E MRS 85 57 b, e i B b 1 B v R AR AR
BIIE , ke, 20 (o sl R0, i R 5, AR
1~2 mm( & 2A) . =98 @ M, 2 ERFF AR AT
WRCE2B) . Horfr S1.S2.S6 F1 S20 H A= KM g 4 59
8¢ PCR 1 7 Wy 46: I AN & 6 T V8 UK, 8 4 36 Bk 42
1492R/27F 5|4 PCR ¥ 1 H 16S rRNA 3 [H # 41 ,
e v Bk MY BB K JEA N
1500 bp, £ 4& #WU (K 2C) . ¥ He & I HERR & 42
AR S5 SRS 27 BRFLIR AT T, AL AR 11 B B IR
WFLFF B (Limosilactobacillus reuteri) . 13 Ak ME & B
G FAT W (Ligilactobacillus salivarius) | 2 ¥k 29 B F,
¥ & (Lactobacillus johnsonii) 1 1 #k #% B 7L #T &

(Lactobacillus gasseri)
2.2 EBHREAABTES23MSIEFRRRGE
HITEEE N BR

S T U T R0 JE U 1] T A A% BE TE AR LR 27
R LR AT B B Ak 23 ) 5 B0 E VD 1T T T R R B R
S5 WoR A 18k AT B JE U T (1l 3A)
(FHAR>10 mm) o X905 BB F AR i A7 HE P & B8R, e
W B 4 FLAT 7 S31(13.43 mm=0. 38 mm) Fl S23
(12.97 mm=0. 35 mm) A9 410 B8 8% R 4 4, 5 S31 R
BT R 15 8 VD 1T R RE 5 3 K T S16.S14.,835,
S17.S5.S28. S18 1 S10 %5 8 %k . MR #T & 4 ¥k
(K 3B).
2.3 ERBEAAMFES23M S FHERBGED
ITHEAE B3R

Sk T AT X 473 FE VD I VAT I A T TR PR L B 27 Bk
FLIR AT T8 BBk 4 0l 55 X0 405 S VD 1) T TR PR 3R 8 R
5N A 20 R AT 0 BRT FE VT (R AA) (1
>10 mm) o X9 B R AR LA & B, VR K A FLAT
B S21(15.53 mm=+0.87 mm) . S31(15. 30 mm=+
0.79 mm) . S24 (15.13 mm=+0.54 mm) Fl S23
(15.08 mm=1. 22 mm) A 91l P& 250 40 4F , H S31 1R
RPN 15 FE VD 1] 1R B ) 18 3 KT S17.S3.S9.837,
S7.519.S13,S14,S35,528,S10,S16 1 S18 %% 13
PRFLIR AT T B Bk (181 4B) o
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A

AL JIT R LR AE T B0 B VR TR 2S5 BT IR LR AT 60 B AR AR AE 5 C. PCR Y14 45 5 (M. 2000 bp DNA AH X 23 7 i B bk 1 5 S3-S40.
ST G RR G W s — . B R L BT D

A. Colony morphology of the screened Lactobacillus; B. Cell characteristics of the screened Lactobacillus; C. PCR amplification result
(M. 2000 bp DNA marker; S3-S40. Amplification products of the screened strains; —. Negative control; +. Positive control)

B2 FErif BT E R E % EAER S 16S rRNA EE PCR Y84

Fig. 2 The colony, cell morphology and 16S rRNA gene PCR amplification results of the screened Lactobacillus
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#k P<0. 01 ;%% P<0. 001 ¥ FR7R 22 57+ W ik 2
A. Plate pictures of the screened strain against Sa/monella Typhimurium; B. The order of the diameters of the inhibition zones of
the screened strains against Sa/monella Typhimurium. The criteria for statistical significance are defined as follows: *. P<Z0.05;
wk - P<0.01; ***. P<C0.001
B3 FErieE skl RO R E s e

Fig. 3 Detection of inhibitory ability of screened strains of Salmonella Typhimurium
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A. Plate pictures of the screened strain against Salmonella Gallinarum; B. The order of the diameters of the inhibition zones of

the screened strains against Salmonella Gallinarum. The criteria for statistical significance are defined as follows: *. P<C0.05;

#*. P<0.01
Eld4 FrifEsRmG 5 RDITEE NN

Fig. 4 Detection of inhibitory ability of screened strains of Salmonella Gallinarum

2.4 ERBEAAIFES23MSIIB I ~BHBMAE
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Fig.5 Ligilactobacillus salivarius inhibits the growth of Salmonella by producing acid and antibacterial substances
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Fig. 6 Detection of the probiotic characteristics of Ligilactobacillus salivarius S23 and S31 strains
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A. The effect of Ligilactobacillus salivarius S31 transplantation on the growth performance of chickens; B. Comparison of
Hematoxylin-eosin staining results and length of intestinal villi and depth of crypts in chicken jejunum tissues between S31-treated
group and blank control group (4>X10); C. Comparison of the number of cupular cells in chicken jejunum between S31-treated
group and blank control group (40X 10) ; D. Differences in the community structure of jejunal flora between the S31 treatment
group and the blank control group; E. Comparison of the composition and relative abundance of the horizontal flora of jejunum in
chickens between the S31 treatment group and the blank control group; F. Correlation analysis of jejunal microbiota and
phenotype at the genus level. CON. Control group; S31. Lactobacillus strain S31 treatment group. The criteria for statistical
significance are defined as follows: ns (not significant). P>>0.05; *. P<C0.05; **. P<C0.01; #** P<C0.001; *#+x P<0.000 1
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Fig.7 The transplantation of Ligilactobacillus salivarius S31 can promote the growth and development of chickens
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Fig. 8 Ligilactobacillus salivarius S31 transplantation can inhibit Salmonella infection in chickens
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