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Diversity and in Vitro Probiotic Characteristics of Culturable Lactic
Acid Bacteria from Goat's Raw Milk

WANG Tao

(College of Environment and Chemical Engineering, Lanzhou Resources and Environment Voc-Tech University,
Lanzhou 730021, China)

Abstract: This study was to assess the probiotic attributes, technological properties and safety profiles of lactic acid
bacteria isolated from local raw goat milk in Xinjiang, and built a cornerstone of exploitation of functional dairy products.
Isolates were analyzed the genetic differences by 16S rRNA gene sequence combined Rep-PCR fingerprint typing
technology. Preliminary screening under acid and bile salt base conditions were conducted and before the following
experiments, including simulated gastrointestinal fluid tolerance, cell surface properties (hydrophobicity and
autoaggregation), antimicrobial activity, processing stress tolerance (lysozyme and heat), and antibiotic sensitivity. Principal
component analysis (PCA) was used to identify and screen the strains with optimal probiotic properties. This study found
that the 23 lactic acid bacteria strains were isolated from 15 goat milk samples, including Leuconostoc mesenteroides
(9 isolates), Lactiplantibacillus plantarum (6 isolates), Latilactobacillus curvatus (4 isolates), Enterococcus faecium
(2 isolates) and Enterococcus durans (2 isolates). Seven strains were able to maintain considerable viable bacterial counts
under pH2.0 and 0.3% bile salt conditions, indicating their high tolerance to acid and bile salt. Among them, strain SY43-10
and strain SY43-4 possessed a high tolerance towards simulated gastrointestinal fluid with over 5 lg CFU/mL
after treatment, high self-agglutination rates of over 27% after 24 h and high hydrophobicit. Meanwhile, the viable counts
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after heat and lysozyme treatment of these two strains were more than 7 lg CFU/mL. Both of the two strains were

susceptible to ampicillin and chloramphenicol, and were intermediate or susceptible to cefoxitin, erythromycin,

and penicillin. In conclusion, strains Lactiplantibacillus plantarum SY43-10 and Lactiplantibacillus plantarum SY43-4

can be used as potential beneficial strains for further development of fermented dairy and functional products.

Key words: goat's milk; lactic acid bacteria (LAB); strain screening; principal component analysis; probiotic characteristics
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WA MRS 5383 . PYG 53¢ 3L | TSA K535 3L

Jb 5 19 B A BB AT FR 4N &1 5 ¥ B 5 (20000 U/
mg) . JREFAF(250 U/mg) . B & HEF(30000 U/g) .
IhER . FEANEL . &5, W, Ml RKETTE
iR T AR PCR 514 IR &MER A YRk
PA PR BUE KR4 G (CICC 10411) . FRA%
FEYLTGH (CICC 10420) | 7= 8 2 K7y IQ
(CICC 10421) ., H it Rz %A FQIE (CICC 21530)

o MV A A 2 R A R B LG (CICC) s FLE
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(CGMCC).,
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[ Biospec 2AF]; TC-512 % PCR fX  #Z[E| Techne 2%
H]; Quantum-ST5 BUEEE IR F2 4t 5 E VILBER
LOURMAT 4\,
1.2 LWHE
1.2.1 FEFCRAE CREERT, SRAFEN SRS — K P+
£, FAICE A #RER K IE e LU 2Lk B JE L, 37253k =
5, UREE 10 mL ILUERLFIRRECRARE 0, WS4 bR
%, B T-20 °C ZE3RvKAA, 72 h Az 152562, sz ANk
ATBEFI Y 53 B S o
122 FMRESESwAL%EE B 1 mL IIFEFLT
9 mL JCRH A BHER K (MR BESH 0.85%) 1, FE4- PR IR
5o SR FH AT A L R VA AR &L, UM R RE
1072, 107 F1 107 MAE BT 100 pL 35 AR £
MRS [FEARERFENL_E, B8 2 P47, 37 C B
% 48 h, BEPIEFENLPRIE 8 IREIHEA . R/NFIER
O EATE YA TE 2 R, 8 H B 50 & — 3 aliph
RA1E . SR MRE 22 YL B BHE . AR fk
SR B  BE I FLER A - BEUFLIR P T
—80 °C 25% Hihh 4. #2808 Randazzo &1 Hiik
B 725 PR EUES Mk DNA, 2R 16S rRNA 3% K38
5|4 27F(5-AGAGTTTGATCCTGGCTCAG-3) Fll
1492R( 5’>-CTACGGCTACCTTGTTACGA-3") #E 17
PCR ¥4, ¥R AT IR Yu 500 1907kt
7. PCR F=aifbn, ik B MR ARl a
BN EII0 T, W32 SR 4258 28 GenBank 04 42 v i2F
A7 ANRIEME LT (BLAST) o
1.2.3 FEF rep-PCR FEEUT FLER B 103814 22 743 BT

rep-PCR 885K A5 |4 ERIC1(5°-GTAAGCT
CCTGGGGATTCAC-3’) il ERIC2(5’-AGTAAGTG
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ACTGGGGTGAGCG-3") XT #2 HU 49 B Bk DNA #E47
PCR 3" . P Wi {EK = A1 5540+ B8 Matsumiya 250"
BT IEDEAT, PGP 1.2% (w/iv) BB BRMEE I H,
VKRG, BLVKEE IS , 1658 I MNEEIRE AR A g HaL Yk
25 IR ITFARE, I Gel Compar 11(v6.5) 4% DNA
FROU RS T RIS ST o

1.2.4 WfiRAFm ARER e Kralifh . (R0 ZLAR A

HRETE MRS B 37 °C 3%3% 24 h, 141% 3 IR,

10000 r/min #5.0> 5 min JEWEERIAIFH 40 mL pH7.2
5 2 £k 2% vh % (phosphate buffer saline, PBS) ¥k 4
2 RFHTE AR A FF I B B . U 5 mL Fril BE R
B0 JE A ZAFH pH2.5, pH2.0 ) MRS A7, 4%
BIFE O FN 2 h BUFEUEA PR AR s v& T H . FHIRIARE
ITEMMAZEARTE 0.3%. 0.5% A1 1% 2= HH R 48 30 1)
MRS A7, 37 °C {RIRIETFE 3 h JGEUREHA TR IR AT
B7EIEL.
1.2.5 0L E B it sz ot FE IR Yin 850
A 7 15 S AR B VO I W . W 1 mL R S5
omL AN THBRIBGHEIG 37 «C 83, 4334 0.
90 F1 180 min FFATIE B THEL, FH IR 7 1 4500
5 AT H®IRE, 059F 0. 120 1 240 min J5 34T
WA
1.2.6 HERBESI /AT MRS Li 82 JiA ) ik
e A SR EE ST, FLIRERTE L — U5, B ORI,
W R Eh 2% vh ¥k (PBS, pH7.2) BEW PR . #1A
PBS(pH7.2) FEE ZF i & Sy 10° CFU/mL, ¥4 B i 7E
37 °C TCE 0. 3. 24 h, KellAE 600 nm b YGHE
A EERAERE 1A
HEERERET1(%) = [(A - A)/A]x 100 X (D)

K A, RO t BFZIAIROGRE; A RO =0 B 1Y
WG
1.2.7 wiKPEST ARYE Katarzyna S5 f18 097
I RE T RR AT, B AN S TR IR i S AR R
7, WM LMR LBRIRA, #E 5r)=, 76 600 nm 4k
M ARAEAIO GRS o BRI

BiKME(%) = [(Ay— A) /A,] x 100 X ()

b Ag. A 53 B R IR A0 AT S B WCTE
600 nm &b GRE
1.2.8 i UL R EE TG I E %288 Mishra 250
FER T M B AR BT B TE P, SR FH A= BRI R B
TRXT 7 Fs R 205 K54 [ (CICC 10411)
B ZEVL T TEREE (CICC 10420) | P28 R RKIBRay
[CEE (CICC 10421) | HH 1 K g 3 % EG B (CICC
21530) . FAZ4HAEIE A= 2= R G (CGMCC 1.9136) .
IMIEBZ A VBT TR E (CGMCC 1.10754) F14: 19 (0,73
ZJERFH (CICC 21600) B HIFE o A1 =X
HA B S0 B FH AR FEER 7K (0.85%) B G BEE 10 °~
1077 CFU/mL, FJ5] U A 16 BRI S0 TRFE XTI 14 [ 4%

IR RLERI, Bl S AR AR B SR AL s AR, JTAE
FEEAHINA 200 pL EL55FE 24 h AFLER T LW,
DIANINFLER BRI A MRS 5373 Ras AXTRE, 1F 4 C
i 6 h J5, 55 A 37 °C 1537 24 h, Wi .
1.2.9 I AT SZ 00T K BEARTE 60 °C
K HALFE 5 min, BUAIE BRI AR B YR T
B CRERRIN PR AR A A S 100 me/L % B T
i MRS WAREEF= 5L, 435 # 1k 0. 30, 90 min )i,
SKFH MRS 1 7 P ARTE R R % T4

1.2.10 2580528 ARYE Das 28029 Jy g Xt B bR EAT
12 Aok KRGS, P 22 25 R 56 R FH A0 B
REY R (K-B 122) #E47, F 3537 2 X E0H i AR 25
O, 32 B, BiAH PBS(pH=7.2) & E k)5 Ky
10° CFU/mL. W HC 100 puL TH 2 IS A &= MRS [#H
A FRFEF T, TR R 25 Bl R NG 7RI A PR )
A3 FR R R, 37 °C £%53% 24 h, M =90 3 B H
1o (FEHMPTAEZE S SLMVE T (FOX, 30 pg) . A4
BEPEAR(OXA, 1 pg) . 21852 (ERY, 15 pg) . 2~V
M(AMP, 10 pg) . &7 8 H (SXT, 25 pg) . 22458
VPR (LEV, 5 ng) . & E (PEN, 10 pg) . R A2
(CIP, 5 pg) . FHFHi7 (TEC, 30 pg) . 544552 (CHL,
30 pg) . KK 2 (GEN, 120 pg) . £ 4l 2% (PB,
300 pg)o

1.3 iR

ARG T 3 IREE &, S8z A SPSS
26.0 73#T, ARSI EEbR R 2E 2R o ZHIA] FhE
SR JH BRI 2R 7 22530, I Tukey = 5 K 50 57
iIE P1H, DL P<0.05 hESEASIFEE X, R
Minitab 17.0 XJ B FRIEAT I 05353 H7 (PCA) , AR B
R s AERFNELR S A3 2 MOALEE, #08 Sharma™” Jir{di
TR E B3 . R Origin 2018 231l &5k
2 FEREHR
21 ABESHESERRAL B

M15 Oy 1l = SR LA & b 2L 52515 31 85 PR A
R, R & ERIC-rep-PCR 5 &0 51 &3, #f & LA
23 NAFEIHIAFTE, A1 rep-PCR Wi e B — B ER,
K 16S rRNA SEPHIJIIF, 28 NCBI i) BLAST [A] 7
P X, 8 E R 5 D FP, 35 Leuconostoc mesen-
teroides(9 k) . Lactiplantibacillus plantarum(6 &) .
Latilactobacillus curvatus(4 ¥k ) . Enterococcus fae-
cium(2 k) . Enterococcus durans(2 ¥£) (3% 1, & 1A),

Y& ERIC 541 rep-PCR F/E05 RIF AN 23
MRFLER B AT RIS 30T, AnlEl 1B i, 23 MRZLIZ TR
PAFTE I A L UK B, F B/ NEEZEAE 100~5000 bp
Z 8], AR B S AE 6~11 Z 8], 58 B3y
KIS EE . WRPEFRSHLINE, 76 40% HARLIH: 7K F-
L 23 BRELFRBE FT R 2R 5 e A& 2 8K
Enterococcus durans; B 2HEL5 2 Bk Enterococcus fae-

cium F1 1 ¥k Leuconostoc mesenteoides; C 2H 4385
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Table 1

23 strains of LAB were screened from goat raw milk

fURFIbR ARV B R =

BLASTHILHCH AHABLEE (%)

SY43(10. 16, 8. 13)
SY50(22, 21, 15)
SY43(14)
SY42(15. 4); SY-50(24)
SY42(10, 12); SY-50(4)
SY42(13)

SY43-4
SY50-1
SY43-3
SY42-16
SY42-17
SY42-18
SY43-7
SY50-11

Lactiplantibacillus plantarum(MK045823.1) 100
Latilactobacillus curvatus(MN372055.1) 99
Enterococcus durans(JF896445.1) 99
Leuconostoc mesenteroides(MG754625.1) 100
Leuconostoc mesenteroides(MK182840.1) 100
Enterococcus faecium(KJ156974.1) 99
Lactiplantibacillus plantarum(MN720603.1) 100
Leuconostoc mesenteroides(KT924430.1) 100

RRECE

23WRFLI B I i A
BT RIS L R T B 73 B 4 0 Mgt 22 5%

Fig.1 Isolation, identification and genetic difference of LAB in goat raw milk

WA RE 8 BREA, C TR CIL 4560 % 4 #k, %M
Leuconostoc mesenteroide; D 4434 3 £k Latilactoba-
cillus curvatus; 6 ¥R Lactiplantibacillus plantarum W)
BRI 55 E 4.
2.2 Titlg. THABERHFME

A YRR E S 2 AR TR I — D B SR R
ST 32 A S 08 10025 R, 254 PR RRAS T 52 BR A1

SY43-14 Enterococcus durans A
SY43-3  Enterococcus durans ]'
Enterococcus faecium
Enterococcus faecium ]» B
Leuconostoc inesenteroides
Leuconostoc mesenteroides
Leuconostoc mesenteroides Cl
Leuconostoc mesenteroides [
Leuconostoc mesenteroides
Leuconostoc mesenteroides
Leuconostoc mesenteroides
Leuconostoc mesenteroides r CII
Leuconostoc mesenteroides
Latilactobacillus curvatus
Latilactobacillus curvatus
Latilactobacillus curvatus D
Latilactobacillus curvatus
Lactiplantibacillus plantarum
Lactiplantibacillus plantarum
Lactiplantibacillus plantarum E
Lactiplantibacillus plantarum |
Lactiplantibacillus plantarum
Lactiplantibacillus plantarum

RAEL (22 88 A REAE B A/ N R AAIEEY, R 2 oR T
23 ek FL IR PRI AE AN W) 12 1 IH R v B8 1 T 52 P 485 4
TE pH2.0 PR PESF F R 3% 2 h )& 23 RRFLIR B 14
A AAETS, TG BB N B2 1.54~6.31 1g CFU/mL., &
A b, A 10 Bk B Rk (SY50-4, SYS0-15, SY43-3.,
SY43-4. SY43-8. SY43-10. SY43-13. SY42-16.
SY42-15 il SY42-4) BAEAF I ERYE, 16 BEEC T K%

2 WYY 23 PRELRR B AR MAHER I 32 R IE

Table 2 Acid and bile salt tolerance characteristics of 23 strains of LAB in goat raw milk

SR S fiiffi% (1g CFU/mL) fiflH#E (1g CFU/mL)

" I JE pH2.0 0.3% 0.5% 1.0%
SRR SY42-13 8.89+0.23% 5.15+0.42°" 4.26+0.09" 2.24%0.25™ 0.92+0.18'
SY42-18 9.91+0.38* 5.48+0.27° 5.58+0.35¢ 3.54+0.46%" 1.920.53%
SY50-22 9.68+0.36"™ 3.45+0.40' 5.09+0.70%" 3.10+0.39"" 0.00+0.00"
S AR SY50-21 9.70+0.66™ 5.60+0.12% 5.44£0.15% 3.57£0.19%" 1.27+0.16°%
’ SY50-15 8.48+0.26° 6.48+0.30" 4,54+0.42% 2.060.14% 0.00+0.00"
SY50-1 9.44£0.38"¢ 5.45+0.33° 5.60+0.49>¢ 2.55+0.33" 0.79+0.70¢
SY43-4 8.84:+0.30% 7.30+0.32° 6.56+0.64" 5.76+0.08" 3.32+0.18%
SY43-10 8.94:+0.45° 6.51£0.56™ 6.07£0.06™ 5.38+0.21° 3.67+0.21%
L SY43-16 9.94+0.34° 5.32+0.21° 3.57£0.27 1.97+0.57M 0.00+0.00"
SY43-13 9.24+0,19c 7.51+0.38" 5.25+0.08°* 3.27+0.32°% 1.68+0.48%
SY43-8 9.0040.43 6.300.06"¢ 4,55+0.29"" 2.260.13™ 1.02+0.19"%
SY43-7 9.1340.19> 5.72+0.15% 4.9240.39¢% 2.760.74" 1.39+0.51¢




R T HAD 3 BRE . SY43-4 1 SY43-10 7EA
FLBI N AL FR 240 min J&5 3G B0 T HALE, 4351
S 7.34 1g CFU/mL F1 7.86 1g CFU/mL., 455301,
7 R 2 BRE (SY43-4 F1 SY43-10) K T 48
by ' i Az
2.4 BEREFHIKMYE

2T PRDRY A 5 A i 1 e A R R 2
Ab BT TF I, DAL, RGBT RE T 02 25 A B Y B TR e AR
HE. WHFERUIZLER B 1Y [ BER RE I AR E B /K M 5
FXT 1 32 1 T8 40 ML A B B RE 0 2 S TEAE G Y, Btk
e E RS RE K TR e O R 2 2B B 0 B AR
KRB, 7 BRTEAY 1 BE SR FITEH AR P T S 435 58 L 1] 3

55 45 % 45 20 4] E W ARG TR SRR A AR RS b 5 A R S A - 145 -
k2
iR (Ig CFU/mL) it AHER (g CFU/mL)
i i JE pH2.0 0.3% 0.5% 1.0%
i SY43-3 9.54£0.49" 6.29+0.41™¢ 5.15£0.06°*" 4.11+0.34> 3.21+0.26™
AT SY43-14 9.42+0.39 4.01£0.97" 4.13£0.16' 2.23+0.35% 0.000.00"
SY42-16 9.160.08"% 6.060.34° 6.05+0.03" 4.49+0.19° 3.65+0.44"
SY42-12 9.05+0.37"* 4.24+0.22" 4.35£0.31¢" 1.62+0.48' 0.00-+0.00"
SY42-17 8.90+0.23% 4.44+0.37% 4.91£0.24°" 2.43+0.23% 0.000.00"
SY42-15 9.02+0.55>% 6.84+0.57" 5.67+0.17*¢ 3.27+0.16°% 2.22+0.10¢
TS 5 B T SY42-4 8.90+0.35% 6.14+0.44% 3.45£0.38° 2.23+0.08°
SY42-12 8.86+0.42% 3.90+0.79" 0.000.00™ 0.000.00"
SY50-11 9.73+0.51% 4.37+0.42¢" 3.82+0.56 1.3620.16%
SY50-24 9.71+0.53" 3.40+0.22" 1.83+0.30" 0.000.00"
SY50-4 9.45+0.19" 6.10+0.38 4.26+0.30" 2.84+0.38"
TE: BUE N =VOT- S ERbR R 2 RSV EBEbR A a~n/NE F-BER /R 22 5 35 (P<0.05) .
24 1.54~3.35 1g CFU/mL. PBfi 3 BH £h e BF 9 Jh =, A 85“&
23 BRZLIR B 04 I R B REIR . 0.3% AHERALEE 3 h 12 " — abc:ngg min
J, 23 MEFLRR TS BBIRAR T 2.28~6.45 1g CFU/mL. ~ 10 efECdedegh odef dcfhabifef e Bt
0.5% AHEEALFE 3 h )5, | BB (SY42-12) 58 4R AET E ol o N N Y
W, FLAY TR B B B AIR T 3.08~7.97 1g CFU/mL, o) . I
19 A4k 3 h AbBHJR , 8 bk B 58 A S REAF 1%, 8 bk B §4
PRI B B AIR T 7.56~8.43 1g CFU/mL; 1A 7 k& i)
B (SY50-4, SY43-3, SY43-4, SY43-10, SY42-4, = 2
SY42-15 Fll SY42-16) FEH by ay AR ER it =21, H: o Y
TSR T 5.27~6.80 Ig CFU/mL. JLFX) 23 #k &5 é&b’\ & é&v\ %@’\ g
FLER TR BR FIIHER AT 52 M0, AN 9T B 40 B3R b
4 7 Bk FLIR 6 (SY50-4, SY43-3, SY43-4, SY43- .
10. SY42-4. SY42-15 #l SY42-16) J T3 1943 B 2422(5%2
*ﬁ ,H\i‘miﬁc‘@o 0 a abe a bo abe a a ab
23 EEGRE 3 i e
R B AR R T 2 LA PRS0 i 2 N \
A T i 3 L2 A 3 1 (A P A 2 5 > o\ §
MIFFIE . A ABRBER S MY, L TR g 4 §
W, pH 2576 1.5~3.0 JEFINAS Ik, AR 2N o, §
R RS, 26 25 B 22 B T, 2372 BIRY TR Fpe . \
ARG EIE R S SEREiR FIIRER N SZ PR AT @@ @?’y @,\Q &% @’\b &v\% 4@%
7 MR B TR0 i W 52 P S BT Eh L 2 9T, M M
SY43-4. SY43-10. SY43-3, SY42-16 7ERILIAY B W bk
LbFE 180 min J5 I I #KTE 7.83~8.48 1g CFU/mL, & 2 tﬁﬁﬁﬁéf&k?[‘ﬁ&eﬁ@%ﬁiﬁf@(z%) iR (B) Ab B f5 1Y
it

Fig.2 Tolerance of 7 representative strains of LAB to simulated
gastric juice (A) gastroenteric fluid (B)

T ARV NG FRA R 22 5 B35 (P<0.05), AHRMER 22 7R i
#, K 3~ 4 A,

7 MRIRES TR RTE 37 °C H53% 3 h Al 24 h 6], FrA
MReEA A BERAE T, H A BRI 5 8 3.43%~
9.05% i1 9.55%~36.09%. 555 24 h J&, BER SY43-
4(36.09%) Fll SY43-10(27.84% ) < 114 AH X455 2 1

FIEER R (& 3A), H A BERGE Ty W3 w T H AT

(P<0.05) ., e — I RAE g HEA BLEESR, Rzl

TR BT P 2 T /K s e ST VE i ) TR, TR &
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Fig.3 Autoaggregation (A) and hydrophobicity (B)
characteristics of 7 representative strains of LAB

A Ay it 2 il RS0 2L PR g 2R T e v . bl
& 3B AR A TR EAA — @ g K M, AR
PRI AR 114 16T 7K MR A7 7E 35 22 5 (P<0.05) o 5% B Bk
SY42-15 4, HAa 6 AR D 252 s x5 2
TR . WEFI —F 2K, SY43-4, SY43-10. SY42-16 Fl
SY50-4 Xt G5 i K P i 3 = T HA TR (P<0.05),
2SOz i B R T BE AR
2.5 BEHRXTIAFAFEEBAIN 2

2 AL R B R Sl S B S R IR N AR S R
I, BRI T AR . AN, 28R B e 1 s F)
IR AR B il A A 2532 B 1 R R AR A B 5
VEE A R A, B SR HRAE T i B Sl 0~57 pg/mlL,
Pl I 2 A B B T I A2 4 BRI e TR 2 7 1 R AR 2
— B0 & 4T 7 MR B R X R 5 A

mm 0 miq
30 min
3 90 min
a ab a a a
cdefg Jilicdef. cohi
onir © [ cere e

w
S
1

TEHAL (g CFU/mI)

0 s

RS
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K4 EHRAERIEFLRRE AL (A) | R (B) AT 2 1
Fig.4 Tolerance of 7 representative strains of LAB to heat
treatment (A) and lysozyme (B)

(100 mg/mL) 14 T 52 PE 4% 5, 7 #5603 Ak & 5
60 °C AhFH 5 min J5 7% BB (P<0.05), T RETE
Fl A 0.65~1.22 lg CFU/mL, H: 7 B £k SY43-10,
SY43-4 Fll SY43-3 HATELUF IR 321k . I TR TR
it 52 32 46 o, 7 100 mg/mL ¥R 5F (19 75 T4 1l 1% 3%
90 min HARIYE FEEOHR 2=/ 2.5 1Ig CFU/mL, #i
B 7 BREEIXT 100 mg/mL ) 1o ¥ s i B 1R -1
it sz o
2.6 MEUEM

A R 72 P FLIR B 2 AR AR B2 AR .
L1 T e LT D R o i L e i A AR e S R
HAMBEAEC . AWFFER T4 FAR AT 7 #RFLER
BT H DL BSOS TR AP B T PR LR 3, IS AR R A
3 BRZLAR A (SY43-4, SY43-10. SY43-3) 11l [ 15 4%

# 3 LMRACRILRRBE 8 78 B B A

Table 3  Antibacterial activity of 7 representative strains of LAB against indicator pathogens

(7S 21530 SM 10411 10421 10420 21600 LS
SY50-4 - - - - - - -+
SY43-4 +++ +++ ++ - +++ ++

SY43-10 + - + - +++ ++
SY43-3 +++ +++ + +++
SY42-16 - - - — — -+
SY42-15 - - - - - ++
SY42-4 - - - - - — +++

H: — FAME (=8 mm); +: BHPE(8~11 mm); ++: 11~14 mm; +++: >14 mm; 21530 H (iR IR A FCH (CICC 21530); SM: Il BB R ¥ 1] FCE (CGMCC
1.10754); 10411: BG5 KA %A [CH (CICC 10411); 10421: ;=R KB A K (CICC 10421); 10420: BAGFETTIGE (CICC 10420); 21600: 4 # {4,

HIEFER T (CICC 21600); LS: HA% A a1 4 2 4% 1 (CGMCC 1.9136) .
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Table 4 Antibiotic resistance of 7 representative strains of LAB
17 FOX OXA AMP SXT LEV PEN CIP TEC CHL GEN PB ERY

SY50-4 S R S R R 1 R R S R R 1
SY43-4 1 R S R R 1 R R S R R S
SY43-10 1 R S R R I R R S R R S
SY43-3 1 R S R R 1 R R S R R S
SY42-16 1 R S R R I R R S R R I
SY42-15 1 R S R R I R R S R R I
SY42-4 1 R S R R 1 1 R S R R 1

TE: FOX: L4875 15 OXA: ZRMEPIM; AMP: S P Ak; SXT: & #itWl; LEV: A2 %010 &L ; PEN: B8 % CIP: MNP AL TEC: %47 CHL: WHH;

GEN: K K% %; PB: LA 2 ERY: 085 % S: HURK, I TP EHIUEE, R: 24,

J, AT AR EOS KRy G, BRGTTEU T TIRH,
MPE KAy DGR, L35 75907 9 VT ) G BRI R 4 2 (2 7]
ZIEREE . T SYS50-4. SY42-16. SY42-15. SY42-4
PR ARAE , A R 30 HE X A A0 i 1 5 2= W Re EQ TR 1Y)
TPERRCR
2.7 AR

PoA: 2 24P R TP PR AR R A A A Y TR AR
Pt ARFoRE A 12 FE LGPt A T 7 kLR
WA TP RS20 . 45 R ANk 4 FroR, 7 MRFExT
SR PE MR G 2R R B AUER, XS HIPE T £TER AN
T R I AR AR, T R P AR A2 TR
WA ZEE VD R BRI PR EER RN 2R
DRI 251k
2.8 ERAOH

E ST 5T HTRERE X 43 I 0 1 HA W AE 1 5 AR AR
PEM T BB . PCA ESMHTEE R (] SR T 433
PRARAEAS [E] 5 AR RIS 56 P 1 STHR SRR G . 4%
Sy ESPRAMRTETN BRI AHER | AL S I S22 . 5 EEER
SRFGEAKCE  XTFRFNE B R A2 . U PRSP R 245
PERAAE R T RATIHRRN 67.9%, AR5 B AR T
Wi PCL(TIMRR 52.1%) Fll PC2(TTMkR 15.8%) 7
FFRE RS, ULRHZEAS RIS A, 0 528 B AR T 5 A% i
AN S A7 AE A Y 22 55 SY42-16., SY42-15, SY42-
4. SY50-4 5 oA Fmit Mk 59 AH 6 M i 35, SY42-
4 5 SL. PEN. CIP. CHL. FOX ¥ HH &= By AH &
T SY43-10 EARHL E fpwisess b, S5 AR AL
ZH AR (A e B Y B = B AH DG s SY43-4 5 SY43-

3+ ASY42-16
'

2+

1
ASY4215 AT
|

—
c\° 1r ASLAPE.\I
ﬁ }%XA(IP
—
=
N
O SMSY43-10
-1 H 21530
|
Aawp AOXA
-2 1
ASY50-4 AsY433
3k . : . .
=5.0 -2.5 0 2.5 5.0

PC1 (52.1%)
FETIRSM 5 AL BRFAE B 3 RS S ARG R DR AR ) 3 2

Screening of optimal strains based on principal component

KK
Fig.5
analysis for in vitro probiotic characteristics

3P T, 5 10420, 10411, 21600, 21530,
SM T 78 BRI B P 2R B L e s AR O, T HL
X LEV BOMSZPEEGR . 25 0 T R, 73 Bl
TR SY43-10 F1 SY43-4 BHATHEUT 1Y a5 At
3 itEER

FRE PR X oIy 22 | AUf2E S W RS
a2 2, DX IR O RIUSA L S TR R 2 b s RO B2 A1
T ZRERIRERFLAN, A E T S I FLRR R RN
BHEZAEVE. PRI, B BT SrZLRR B ST IR T Ak U5
TR W i, T Bl L b 0 3 4 A AT AT 1%
WFFE AR, AN [F) AR 2R IR A LR B B AR, AT 1™
Al ) R A R 28 T I F R A, e sl A KAE e i FL
ah R RS T, BEAREE R ZH B T 0O R IR R,
> PECRL R LA SRR LA NZEAR, S i 22 (2R 1Y
PRV - ELEIH AR A, R A AR AT
HESR A Sh i) I ) R L R 22k g A b A B, AR
TIREAEE T EE A FLRR B B IR, S AT T 2
P R B AW s A R AL 1ok ARUFTE AT
L= UL R 43 B T e LR B T X HAAR S 2 A A
LAVEIEATVEAY, LU 200 R 094 S AR ETRR,
FRATG 1 1 Ja B 8 3R 2S5 AP iy D et i
B PR S SR

A BIF FE DN T 58 25 b DX 15 03 1L SR ZLAE
Iy e O et 23 BRFLIR T, W5 4 DR 5 D Fh, K
H1 Leuconostoc mesenteroides Fll Lactiplantibacillus
plantarum 325355 3 = AP, 5 H B LR I ¢
AR TEZE S . S A M 6 i =g L EFLUF
Hr e 46 BRELIR A, R 53R 3 N, 6 4-Fh, Horp
LB A Enterococcus faecium. Veettil 2501 & #)1
ENEE I =R SR W v L3R TR BE N Enterococcus durans
H L. plantarum . 48 ANXFEP ILEIFEYTSE BN, U0
Fh ok Weissella cibaria. Lactococcus lactis subsp.
lactis F1 L. plantarum™, i E L =2E R 2L 2R
B AR, 43S B Lactobacillus . Leuconostoc .
Enterococcus . Streptococcus. Lactococcus Fll Pedio-
coccus Z A JHB IR, Forh Lactobacillus 21w
&, b 50% LA R PR, AN [RLHE X B POl 35
(HBBE | 28288 | AU . AR ) Iy 28 AR n] B 215 1l
XA 2E SRR (ESE, B L L. plantarum . T
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HAF A (Lacticaseibacillus casei) . &l T & FLAF 5
(Lacticaseibacillus paracasei) J&=Hx) 12 {8 HIFLIR
B, TESEER b, L. plantarum J& BTN IV 2812
FOUFLAT RIS, AR EAS BN B A IR A
YA B I GEAE o 2 AR T, W T AR
LA B gt A T 0 2 i NARNE R . G507 5 . BB PRI
IRY NS ST SIS <) Pt ) IV B i A L S )
BERUATISR ST B A U R LR B S P A o A BT 1Y
RARFEE, JUH I PR st LA N i B iR 25
FARE, WA HI B 5 525 ) i 18 2035 W 2 R B T 5L
HEY 25 A2 TR R RR I TA TR, T2 Xl 2L TR 3 05
SRARA S

oo A B 1Y T i T T A2 A R AR EE A T A AR AE
H IR s A= s 50, AEFLIRR RS L /M Ris s =
AT, PRIASTIR 52 R B AR AR 25 2 it Tk, PRt e 2 2
PR B MRBE S A1 T 8 Bl I Se e 554 . ASTHSEXT 53
BRI 23 BRFLER TR AT IR FUIEER R 52 M) i 5k
fithh b, PEHEMR AN ER R 52 PEELEF Y 7 BRIE(SY50-4,
SY43-3. SY43-4, SY43-10, SY42-16. SY42-15 F1
SY42-4) AT FHBESE | B/ PE | TR FA R T i
Pork . IR A 2GRS . SRA X SERHIE, BT R
G353 AT AR AN RMA S b 25 A Ja X e D 4 A= B B AR
Titi e TTRR, T A HE IR ST e M T 2 A B e
B RTATPERY S 43T s, PRERAE 4 ZLAE ) FF TR L.
plantarum SY43-10 1 L. plantarum SY43-4, 1E
pH2.5 AT H W A9 1% B8 80nT LR 576 8 1g CFU/
mL DL, 7 pH7.5 N T A s %GRS 7 1g CFU/
mL DL b il i PR B A B, 15 BTSSR T
i5#] 8 g CFU/mL LA _I, JUHXF AR E ULIE 5 955 J5
WA e I . BULIEVST TR L i
Yo DGR LYV U 2 U0 1] DR R <4 2 €0, 7 2 BRI
Yy s oiae, BA) i EERe . w2t
TWAEIA B ARG 2 —, SPUERAERA |
FERFR o AHXIAUL, FLAT IR SR R RS Sl 245 5k
T LR/, A )i 245 P s AIRE, — AN
TN . ARWFTE IR, BRI PE AR | 52 7R
B 250D B L BB RIAR . RO SR A T R
—RE M 2555, X HE P 3R IR IR B U,

AWFFE L = Sy e A= R LR B 23 AR, Ak
T 1R AT AE R Tk 52 M Be AU B 7 MR BE— AP
AT ST e . AR, IR TE A BESR | Bk
PR TR TR L I A 2 S R BLRRIE,
W AR AT ) FLAE AT B L. plantarum SY43-10 Fil L.
plantarum SY43-4 /R TR M AERE J1, B8
230 3 AR AR N SE R B — Y AR AR
BARHIE, SE—2D 0 TEhaeZL AN T JE ATk
BT A B8 Fit o
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