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W E:AFANAFBERSH RS T 2B L ZILEME (lactic acid bacteria) , 3 M 3t H AR B 4 454 3k 4757
%, BREKEHBERSY KBS T HE izu&m F ko AFFTHK M Rep-PCR 224 16S rRNA # B M 544
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Abstract: The aim of this study was to explore potential probiotic resources in traditional cereal-fermented beverages in
Xinjiang. To this end, strains of lactic acid bacteria were isolated from traditional cereal-fermented beverages and their pro-
biotic properties were characterized. Repetitive polymerase chain reaction profiles and 16S rRNA gene sequencing identi-
fied 21 isolates of lactic acid bacteria in seven species from 12 traditional cereal-fermented beverages. Limosilactobacillus
fermentum was the dominant species, followed by Lacticaseibacillus paracasei. All 21 strains of lactic acid bacteria had an-

tioxidant activity, with particularly strong scavenging of superoxide anion radicals. In terms of antibacterial ability, all
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strains, except Companilactobacillus paralimentarius HLB2-4, effectively inhibited the development of at least six

pathogenic bacteria, demonstrating broad-spectrum antibacterial activity. After continuous treatment with simulated gastric

fluid for 3 h and simulated intestinal fluid for 8 h, seven strains had strong tolerance, with Lactiplantibacillus plantarum
THBI-1 having the highest survival rate (38.15%). The hydrophobicity of the 21 strains ranged from 7.36% to 76.46%, and
their auto-aggregation rates after 4 h ranged from 4.62% to 67.09%. There were significant differences in hydrophobicity

and auto-aggregation among the strains (P<0.05). These results were used as inputs for principal component analysis and

clustering analysis, which showed that six strains, Lactobacillus paracasei YTJ1-4, TXJ2-1, Limosilactobacillus fermen-
tum TXI2-4, Lactobacillus acidophilus HZK2-4, Lactiplantibacillus plantarum THBI1-1, and Levilactobacillus brevis
MTBI1-5 were the most promising probiotics. This study lays the groundwork for the development, utilisation, and industri-

al application of probiotics from traditional cereal-fermented beverages in Xinjiang.

Key words: traditional cereal-fermented beverages; lactic acid bacteria; isolation and identification; probiotic characteris-

tics; principal component analysis
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Yy ROk, Hoh A AR 00 S A T | ok
AR PARTEN 2 AT R ARG | K IBE 745
— AP LA R IEURE, 25 A SR R TR — 2 iR
BE | ARTEDRS B4 10 A I B, A8 G M 2 0!, 2L 8
VE R B2 S BAA R DD BE AR P . s St
B R UCRN 2 5 1A, DR R
A T2 AR ML IX 25 R A RIS SR T
A FEIZEHRVAUCEMRAAE A AR R FLER T (actic
acid bacteria, LAB) JEFTSRAL G Y & BB 0900
G, e RS, LAB MGG 2E
Z2 AP A LI AT BT JDAC A 25 4110 ) g DA T RN 3500 AT A1) 1
G, DTSSR I Bt R XUBR | JB b AT 22 4 L),
11 HHAFA T I PR AT 0 AARTESR A W)
B Er i AR T i NG PR AR R R, BRI LA AN
TR, X W) A IR B I 3 b B B2 TS 2 DG B
fERL.

fn AR TR RS IR, 7T g A R B A
Ab RS AE ), BAA A s TSR (. LAB il
H W% 525 5 GRAS(Generally Recognized As Safe)
WAy, R WA AR AR Y. LAB GBS 32 18 1714
AFRLR, IR EOE S T 1 R T, M [ iR 4
A, YRR F I R, R A N ERERE,
YRR A 4G 2 OCHEZAENY . TR,
1% Ge 45 ) K W B v o g AR LR B 1Y R ke Y
Meena 551" B[R 4 25 BHI/ERY Makka ki Raab,
Olia SF- ML GE A5 W) K WE B il b i 1kt 6 AR TE £ 21
FLER B AR, HoP 1 BR Lactiplantibacillus plantarum
KMUDR?7 3 8t O 5 B AR A 25 A= R PR s X S50
AT T 1A Ko A0 45 v [ Ge 45 1 & e B it v i
3 BRELA =77 TE M NG J1 09 Lactiplantibacillus
plantarum, H— 38 ARSI 35 AR PESC UG L B0 3 Bk
Lactiplantibacillus plantarum "] AE Ry ¥ 78 35 A= o 15k
FEIAR; Akweya 250 MNHJEN. 25 1 A [RIZERE G4
Y v R R a5 AR FLIR T, S5 ROt 5 BRI
PR i JH £ fie 07 5w HHAT 22 P iU o 2 A FLBR 1415

Fan &0 P\ v [E 4% GE 190 47 49 2 B TP R v 07 206 1
Levilactobacillus brevis OP2881585 | Weissella cibaria
OP288150 Fll Pediococcus acidilactici OP288151 45
5 MREA R4t AR FLIR -

AL A W) R W ORI SR R AR 3 I
DXIlPEAR O RE T, Sy 2 A FLER TR SR M - R FR 4L T 3
SRR, LTI, ARWTIT DAL B A I A
BRAN[A] ML XS PUIT L I 2% DA S IO AE SRS 12 &S0
B K B OB RS A, X R LR P R T o B 4
R, TEUGEEAN B, TR HS A RSP B i
2 B SR AR (B PE RN [ SR ) iAo 2 A= ARk
W, LG5 AT T e P P e s AR FLIR B, LU
L G W) A W OB 25 2B IR Y I &2 S Tl
Ao FHBE R TAESLA
1 #REE%E
1.1 #HRIS{ER

12 ISR G ERA Y R B ORRE  SRAE AL
FAAL | B P R 3k S i X A [R] BT, #5987 2 b D%
BUGER FIMG g A i 1 2 E AR R b, AL FSRFO AR5
AR WAL kg PO S . SRR FEOC R TE
PN W25 A TH UL R R 10~15 mL FICPEAE T,
R B & RS O, A 4 °C 4238 0KFE, T T 24 h
Wiz WS % ; K AT B Escherichia coli( ATCC
25922) . BAIZEVPI TR Salmonella enterica subsp.
enterica serovar TypHimurium(ATCC 14028) . HiZ%
te Al A= W 4 I B Listeria monocytogenes( ATCC
19115) . 4= 5 (0 25 BR B8 Staphylococcus aureus
(ATCC 25923) . FIEEKIE Candida albicans (ATCC
14053) . FMiEZAF R Bacillus subtilis (ATCC 6633).
MEREZEAUAT B Bacillus cereus (ATCC 11778) . fisk
X B M. B Pseudomonas aeruginosa ( ATCC 15442)

LA BRI R AE R H VA DA RE BE R 43
SRR IR L A 0.01% LR R Y MRS5M 2
KA MRSURITT 0.5% L->BBezdliR) . M17 K55k,
LB 533 TH%53% ATCC 25922, ATCC 25923 Fil
ATCC 6633; NB 537 2 T i 3% ATCC 14028 Fi
ATCC 11778; PDA 133 H T 15 3% ATCC 14053;
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BHIA 535 T553% ATCC 19115; TSB B354
FHiFE ATCC 15442; 4RI 4 DNA # B0 &
b5t RAR AR A B2 ¥ ; PCR Master Mix .

ddH,O. Marker 5 it MERE A W RHE By A BRAA
H]; PCR 514 AT AW TR BAA RA T
Gl

E200 JR 4 T fE%h 3 E GENE SCIENCE 2%
Al HRT16M &l 5 2R RSO L Rk Pa {2
AR T UV-1800 24N Y6 e ilgag
IR AFA BRN T T10S JEFP L BT BISRLE
AU PR F]; DY Y-6D HL iKY . WD-9413B #EI5E
WL F G dbaios—AYRHEE BRAF
1.2 KWHE
1.2.1 FLERW M E%E  MOREE TR 1 mL
G R ORI TF 9 mL JC Az B R K A, fi
JHUEIRAN FEATRA), WH IR 100 pL B EE R RE
107, 10°, 10%, I HL 100 pL SFGE R T =P
B SR B AT IR AN, AT U L T DA T AE s
1 37 °C A (2% O,, 10% CO, Fil 88% N,) e £%
I 48 h, PRELEATE /N, TEA& . B OSSR I SR TR VR
BELR N3 3 IRE 2 R —FILRE B S —
B, FAraliBE IR T 25 FQYL (N S S S
55, WI2E AR B S IFLIR A TR . O —F sl g
)T 6 mL MRS WA FREL T 37 °C IR4EE55E 36 h,
FHT IS SLAFMAH S DNA HEEUEE

i FHAN T FE R 2 DNA $2 BG5S 2 HL DNA,
F—20 °C 1%A4F . 28 Versalovic 217 B 1:, SR H
P H(GTG)5(5-GTGGTGGTGGTGGTG-3") X} 43
E MR DNA #E 73EH 43 #Y . PCR P I P=148 1.5%
(W/v) BB IBVEEEIEAE 0.5<TAE Buffer 7, 80 V/em
R R EL SRR 1.2 he HLPKEGEHRE, TE 0 /MNEE IR
FAGAL P IEE AL PR 45 5 . DNA 5 B SE 4= — 3 A B
TR BB A8 T R—40Fh, nI a5 85 r s phikk
VAR TR R A, FH N ERLH PR 2~3 BRACR B IR
fE 16S TRNA ZLEHE M T 53 Hr. RAHP #4514 27F
(5’-AGAGTTTGATCCTGGCTCAG-3")Fl1 1510R(5°-
ACGGTTACCTTGTTACGACTT-3) 81 3k 47 16S
rRNA JLFH Y PCR ¥4 . A SV AE 25 pL AR R
4T, F145: PCR Master Mix 11.5 uL, 5#J4% 0.5 uL,
DNA 4z 1 uL, ddH,O 11.5 pL. #2514 95 C
AR M 5 min; 30 IRPEIR (94 °C ZEHE 30 s, 60 C &
PE 40 s, 72 °C #EfH 1 min) H%J5 72 °C 3E{Hi 7 min.
PCR ;=#glifb)a, H A T A TR R
HPNAE, P48 SR HE32 2] GenBank £ )ZE P, )31 [H]
P ) BLAST #EZR 1T, 78 MAGE7.0 3K
AR R G R B
1.2.2 FLRRWEHUEILRE IME B FLER R L. 2% 1Y
HRP BT MRS 553500, 37 °C GRS T B
FE 24 h, 7€ 4 °C F LA 8500 r/min & .[» 10 min, BX I
THMFFH 0.22 pm SEARMHIENEUE, HIFSTJoAnpRs =

_ 7544 (cell-free culture supernatant, CFCS).

1.2.2.1 FRHBIEEREEIME 72 H B REE
S35 2 B8 Shi B [k, A s, FF 1 mL
0.75 mmol/L 1,10-4BJEMSHIAE . 1 mL 0.75 mmol/L
FeSO, ¥ . 1.5 mL 0.15 mol/L # iz £h 2% nh %
(pH7.4)F1 1 mL 0.01% H,O, IF IR~ )5, SLEIIinA
1 mL CFCS ¥, ¥HiRAWTE 37 °C F 2 30 min,
M5 536 nm PEARANNOEEE . PR HHFERA
FH B AR

Awi— A,

Bl R (%) = Y x 100 X (D

FH: Ao N CFCS IR AW N5 WG REE 5
Ay MRS U CFCS KW Ja IIOGEE s A 2 MRS
I CFCS F H,O, #RR N IS R ERE
1.2.2.2 DPPH HHEIHFEREEIME DPPH H X
V5 45 B 1 52 = B Eepecka 5P (19 7 5, B 1 mL
0.2 mmol/L DPPH H 57 F11 0.8 mL CFCS &1
A1, B S5 R I W 30 min, 7F 517 nm JE AR &
e . MRPE=C(2) 1155 DPPH [ A 3LE R R:

DPPH [ HAEH . 0% = 222 x 100 3 (2)

o A, WA CECS R4 WU N e B9z ot
B Ay S8 MRS 10 CFCS W= OGRS
1.2.2.3 HEAE T A ALERGE M HBEA
BT A B IEBREE I 2 08 Gao S5 (T, g
Hekzh. ¥ 0.8 mL CFCS F1 0.2 mL 0.1 mol/L Tris-
HCI 22 vh ¥ (pHS8.0) IR G357, 7 320 nm P
EWSCE . BEARA WA 0.1 mL 3 mmol/L
FEVERE B IR, FIUCTE 320 nm P T i
BE o ARHE ) IR A ES T s,

A!estl - Ales!Z

0

AT Ea%f%ﬁ,%z(%):(l- )xlOO

A (3)

P A o MIMAFEPER & T IR W WG
Ao HATMA MG B FIRIG IR I Ay AR
7 CFCS IO G
1.2.3 FLIEEMPERES)  SRAARERARIRDS e 43S
PRARXT R PEBOR PR PTG TE . K 8 FIEUe B
AR BEFE 18 h, F B 2% 2 10~10° CFU/mL. HX
100 pL PRV I S UR AT T 45 H T s 1 [ 44 1 37 S5k
(LB. NB. BHIA X TSB §53%3%L) |, )5 e B 72 3L
N A5 I B AN B K B A HEAR (@ 8.0 mm),
[a] 45~ 24 AR S i A 200 pl CFCS, LA AS Al B
MRS B 32 3AEZS XTI, 4 °C vKFEP L 6 h )=, T
37 °C 1537 24 h, WA D B R A% .
1.2.4 ARSMERLE B =2k BEUE W w7
A 2.05 g/L NaCl, 0.6 g/L KH,PO,. 0.37 g/L KCI #lI
0.11 g/L CaCl, HZ2miaw, m H P A 3 g/L B
(500 U/mg), EhFZIETNT pH 2 2.5, 4 0.22 um I8



4786 H 11

BGEHL , 4F: HER A Y RO P LR B 70 2 B AR - 229 -

RSE 3T U8 SR PR AR AL W . AU W A AT
50.81 g/L Na,HPO, 7H,O 1 8.5 g/L. NaCl Z% 1 i%5
W, 1 H AN A 0.1 g/L JBEFE 1 (250 U/mg) Al
3 g/L A HER, Fe 50 it e FH & AL 8M R pH 2
8.0, FH 0.22 pm JERELTIERR A E AU

FLERTH AR T 37 C A FE55E 24 h, 4 <C
T 8000 r/min &5.0> 5 min, YHEEA, FIJCE A BEEL
7K (0.85% NaCl, w/v ) ¥ BEARBEE UK, BB T4
B W i ODgo o THN 1.2, 37 °C FF 200 t/min
FEIRT % 3% 3 h, LB 5% 3) . 76 0 h A1 3 h 45
SEBCRE, W2 HIE TR, eAh, WAL B i P 5357
3 h IWERAR, Lok BRER /K VRIS B TR R AR B A5
PUHHEH, 37 °C F 200 r/min FF2EIR%HFE 0. 4 Fl
8 h, WU FEAN RN [R] S (AR i I e VR B 4. 7
WA

TR (%) = %x 100 x @

2 T, AL Uk kg T A B ZH 1 I PR AR

(CFU/mL); T, AL H W 5% 17 W 400 iy B 18 30 B 4K
(CFU/mL) .
1.2.5 BiKMES ARME Gl 53 2 AR
RIS PP OB K HEP) . FLIR B 7E MRS
AR EEFE, 4 °C F 6000 r/min &> 10 min, F_1EHRK
W AR, FHICER PBS 28 0P (pH7.0) PRI IS
HE, I T B ODgog i TH Age B 1 mL —HIZK
A 3 mL ZLER PSR, HiEH IR A 5 min, ZEIRT
B 4 h, IREWHSEENRE F)EKA ODggg pm MG
FEE, B As. BKFRITEA:UT:

K (%) = (1—%)x100 = (5

I 4 mL FIRBEEW, Y% IRE], 76 37 °C TMER
B335, 4 h ] N _LZBUREAS, FHMEH ODgyo 1m
{8 At, ARFRIHEARUT:

QEé%(%)=(1—%)x100 X (6)
1.3 B

FEASLESPATINRE 3 K, {#H Excel 2019 %4
X#%&?En_ TAFR, G5 PR AT B E RS (s ) o

iz i SPSS 26 #E47 I 2 43T (P<0.05) , 2R Ori-

gin 2022 17 ERSGT53HT(PCA) R4 o
2 HBRESH
2.1 FEBEEHPBREE

FLIG ) AP E T R E b, e T
BFRME . BB RN e e T R AR O
BOVEFT . ASHEFFERAE T 12 Uy L a4 R ek
B, A 2 FQye | i AL A ST A
BEMIFLER 3L 43 kK, W& 1 iR, BRREEIE S X
A BB R A G, TS, RIRTE Rk
PR, FEETRIE, 5 FHL . aniE 2 P, L Ry

SR E e 7/yoa e ﬂqﬁ{ﬁﬁz\ﬁz\%‘%ffﬂiﬁﬁlﬂ%ﬁ;

Fig.1 Colony morphology of partially isolated strains from tra-
ditional cereal-fermented beverages in Xinjiang

K2 B g ¥ 2 B oR PR o B R E’JE R
BREIG
Fig.2 Gram-stained microscopic images of partially isolated
strains from traditional cereal-fermented beverages in Xinjiang
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SR A, I o B R AR AN S 2 KA el AT
Mo i EACEEFITZL o, PG MR AR 2 B
B, B HAN B o i A AL =R BE T o

43 PR BELLFLIE B 4 Rep-PCR 53 J5 , Pkidk
21 MRACERBARRIEAT 16S rRNA JEHMIF, 248 BLAST
PEXT I PP 28 51, 21 BREAR IS A FLIR T, 0@ 7 1>
A, Tl 3 B, Hop R R FLAT B (Limosilacto-
bacillus fermentum) ¥ 2 H 11 £k, F Lk 3]
52.38%, TEHTSRMEGEAT Y R BB e X o3, H:
AT B FLESAT B (Lacticaseibacillus paracasei)
3 KK, B HE 14.29%, BF LT (Levilactobacillus bre-
vis) FUAE ) FLAE AT B8 (Lactiplantibacillus plantarum)
BT 5 Ee 3492 9.52%, AN, 433 S S 2 A [RIR 22
FLITEE (Lentilactobacillus parabuchneri) . ZETHALFE
HZUATF B ( Companilactobacillus paralimentarius) Fll
FEPR LA H (Lactobacillus acidophilus)% 1Bk, Ar s
eI 4.76%

100 | Lactiplantibacillus plantarum CJH 203 (MW079911.1)

’7 HLB2-3
84 75' THB1-1
Ce

[ ipanilactobacillus parali
100 — HLB2-4

ius GZ8RS (OP458803.1)

Lacticaseibacillus paracasei LS-6 (MZ540735.1)
‘ YTI1-4
Lacticaseibacillus paracasei HBUAS62617 (ON013159.1:137-1166)

100 | Lentilactobacillus parabuchneri TMPC 41378 (OM760662.1)
TXK2-2

43 Levilactobacillus brevis HBUR51022 (OR502100.1)
MTBI1-5
100 TBK1-4

38

Limosilactobacillus fermentum TMPC 33124 (OL423297.1:122-1154)
TPK2-0

Li; ilactobacillus fer
TXJ12-4
Limosilactobacillus fermentum SD-L-40 (MW581937.1)

TMPC 3Q117 (01423289.1)

TBK1-3

Limosilactobacillus fermentum CAU77 (MF424024.1:20-1038)
YTM1-2

TXI2-6

YTI1-5
Limosilactobacillus fermentum TMPC 3G323 (OL589231.1:134-1165)

E Lactobacillus acidophilus SDCM 1905 (MW463426.1)
100 HZK2-4

—

0.01

K13 BET 16S rRNA FER PR EE Y 2R 58 K A
Fig.3 Phylogenetic tree based on the 16S rRNA sequences

HH T RAEUHT IR L GEAT W) R IOk 2200 A SR K
15, HAME W) 252 AR P PR A A U 28 S5 i)
BRI o ASHFZT N BLH X WAL G4 1) R e kR 45
P N I FLIR A AP AR R e 22, LU B s X
WALGEAT W) R UCE, DL M X IR GE 45 1) A AR
b B HE LR R AP AR K /b, ] LT
Bl X PSALGEAT W) K e Ok R ZLIR B 22 e dee ol
o BUIb, ASHITTE A ZAF f o0 B M T A PR
FURFBE . @I T LA I | AR LA B FISE T fe e
AEFURTERTs DA LT At b 0 S50 T A IR TR LA

W JEFUAT R 2RAT AR Z2 LT s MG I LAT s A
FOAS FAAL: ity TP AL 0 B M H0 A IR I S LA B R e
FURFBA, G806 U T A 2 A T FLIR B AR P E =
THIFE AR, X T RE- S5 HIEHPRL, I T T 2882 05 h
FSE PSS
22 ABERIENENST

AT A FE BN, o g5 AR TRE A
T AAA BB BB AN B SR aY 7 A o ik
PUARCREY . IS, BAPUARAE R 252 B AT
R A RIS (ROS) FR R XUSE, I Bl
TGP . IR, BA PRI TR g5 A2 5
AEB S RININETT o AWFTEIE R 21 BRFLIR
A EIS I (CFCS) Xl S B # 7 H & . DPPH
A F SRR A LA RFIPA HA TR RE T, 45
RULE 4. FraE R SR iU eBE ), BAFEFL
T R OB TAAERE TP AE I 2 25 53, X T B TR pR
TrI BT TE VER B AT IS R e A 5G2)

901w mEHIET A
80 | B DPPHH 4t

LS A
K4 FLREDUARE
Fig.4 Antioxidant properties of LAB strains
TE AN [A) 7 B 3 A ) Ak 38R A W) B bR TR 22 53 W 3%
(P<0.05),

El 4 o, A FLER B, bR & BERGW FLAT T
TBK1-3 F1 TBK1-5 4k, H4y 19 BRFLER 5448 4]
BT A i 3R R B Vs SR BE T, TE R
T 52%, Hodh BB WFLAT R TXI2-4 15 R K he i,
ik #] 81.22%, HR A 2 BREAE Y FLAE AT B THBI1-1,
HLB2-3 FUEZITE MTB1-5, IH5:55351 69.80% .
69.12% Fl 69.39%. FAFAELEP BT HIE NS i T
1 LR R G U BH 8 T 1 ER ST R R AE 18.05%~
36.01% Z W], LI TASTHST 1 SE g0 25 5 .

21 KRB R X DPPH [ HH 2% 7 BR SR AE 2.42%~
51.82% = [H], 7 T-Eepecka 252 3 18 (14 1R PY PR FLIR
PIRIGEE 5 (1.19%~36.05%) . HI & 4 nJ 15, & fEkh
WELAFEE TBKI1-5 X DPPH [ LB R E. N
51.82%, FLRCh & R IR ZLAT AT TXJI2-4 ., FERRZLAT
A HZK2-4 FUAE 9 ZLAE AT B8 THB1-1, 38 B 25 55 5
A 49.19%. 41.61% Fl1 39.68%, JETH AL 4= FLAT B
HLB2-4 X%} DPPH H H3E1HERREAK, N 2.42%,

¥Rk [ 32 ROS Hidie H s B R IR PR 11
Sy Tz —, EnlsEAR L L . DNA it F2EY)
ST I EALIR AP . AT 21 MRPLIR B BRI AR X
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¥ IETEBRERAE 18.72%~52.67% 2], f7 13 ¥R
S EUARMERS A B L. rhamnosus GG(30.5% ) H5E 1)
FRIHE At BEIEBRAE I, Hih 3 BRE T B FLEEAT
YTI1-4. TXJ2-1 Al TKI1-0 X} 55 [ S35 BRAE 1144
B, T BRRST N 40.05% . 52.67% Fl 41.27%, It
A 3 MREEAGZLAT IR TXJ2-4, TBK1-3 A YTI1-2
FIEIRZLAT I HZK2-4 R BRI A B 5LE
BREE), W BRFMHI S T 45%.
2.3 FRSEHIEEM S

21 BRFLBR TR XS 8 T 350p5 TR A 410 BRI TS MR an 1] 5
7~ o BT A B R X B B Escherichia coli ATCC
25922 ¥FRILH —E M HIRE I 1, BRIEIH AL EAEZLAT
W HLB2-4 #b, HAR R 2 /AX 6 Fh 30N B B A1
B PE, HXT Staphylococcus aureus ATCC 25923 3£
B s g AR R D, R LS Wang S5 ILPE 4%
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19115 (1930 BT RE J7 258 T HoA 7 #R B, W8 1R ZLAT
B HZK2-4 FIFEPFUAEAT E THB1-1 %} Escherichia
coli ATCC 25922, Staphylococcus aureus ATCC
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Fig.5 Heat map of antibacterial activity of LAB
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Table 1  Survival percentage of the LAB strains after simulated gastric juice treatment for 3 hours and simulated intestinal fluid

treatment for 4 and 8 hours

BEALL B WA BEAF T (%) AU AL BEAFTE (%)

s WG
3h 4h 8h

YTJ1-2 94.84+0.01° <0.001¢ <0.001°
YTM1-2 77.90£0.24" 11.18+0.19° 0.16£0.00°

TXK2-3 50.360.06%% <0.001¢ <0.001°

TXJ2-5 61.5120.14%cdf <0.001° <0.001°

TBK1-3 37.75+0.03° 0.03+0.00° <0.001°

K EERGREFLT I (Limosilactobacillus fermentum) TPK2-0 43.78+0.06°% <0.001° <0.001°
YTJ1-5 76.710.28"¢ 0.09+0.00° 0.0620.00°

TXJ2-6 80.23+0.11% 38.31+0.03 <0.001¢
TKJ1-1 71.59+0.29%% 35.14+0.03 0.94+0.00°

TBK1-5 34.78+0.02% <0.001¢ <0.001°
TXJ2-4 90.72+0.06 52.51+0.16° 30.85+0.02°

IS A= FUFT TR ( Companilactobacillus paralimentarius) HLB2-4 74.66+0.10% <0.001°¢ <0.001°¢

e TBK1-4 0.68+0.00" 0.0620.00° <0.001¢

W F A (Levilactobacillus brevis) .
MTBI1-5 87.37+0.18° 41.75+0.07" 31.07+0.04*
- " THB1-1 63.19:£0.05%r 48.75+0.05° 38.15+0.03°
THWFLAEFF IR (Lactiplantibacillus plantarum) ,

HLB2-3 93.30+0.06° <0.001¢ <0.001¢
HAi B ZZF AT (Lentilactobacillus parabuchneri) TXK2-2 32.47+0.05" 7.07£0.04° 0.17+0.00°
WEBRFLFT 18 (Lactobacillus acidophilus) HZK2-4 76.08+0.11% 35.51+0.01® 32.61+0.00°
YTI1-4 45.70£0.10° 45.15+0.09" 20.070.04°
BT % FLEEAT 1 (Lacticaseibacillus paracasei) TXJ2-1 63.99:£0.21 el 30.03+0.16° 12.67+0.02°
TKJ1-0 41.45+0.06%f 5.29+0.05¢ 5.05+0.03¢

T RIS ] 5 B2 m A TR A B AN [R] Bk 8] 2 57 4 2% (P<0.05)

TLREAR PR K PE S A E R GE T 5 EAH
K, KRR, PRRRELS) BT B g iE 2w, dErme
FHEHIEAEMEHY, AREFITAS[F B AR A G K A7 B
WS K 6(a) Fin, 21 MRFLER I AY BT K RAE
7.36%~76.46% Z[A], Forb & Wk LT TR TPK2-0.
WE IR FLAT B HZK2-4 K 251k A= FLAT 18 HLB2-
4 B K ZRAE 70% DL F, Bi/KBE J1%55% . el Rahmane
LD MR E T o 3L U LR B T R O A 5 K P A
0.91%~56.40% Z[8], fIR T A58 i ga 45 5%, iX )
HEJE A W) LR T4 PR 2 % v B 7K Y S 7K P B 43
TR EZERFE,

PRRR SRS H AR B W 00 F5 RN A R
DI RB, RIS, Fhk . HIE 6(b)
AU, 21 BRELFR A 4 h 19 A B RALE 4.62%~67.09%
ZIa], Hoh e A4 ZLAF B HLB2-4 FIRETRZLAT
P HZK2-4 1 A RAEGE Ty feim, A R R 051N
67.09% Fll 66.67% . AMWFTIR LKL, = T Fan 15
FAE 14 P EAL S RS R TR RS IR LR PR Y H 5
TEESI(2.11%~27.77%), 5 Wang 5 22 )Lz 1E IR
FLIR B B AE % (5%~60%) M Angmo 2523 H2 38 19
Pk 78 k1 IR FLIR T 10 H R 4L R (5.04%~
64.78% ) G5 HRAHML .
2.6 BEIYEIERFEFIE

Fan 451" >R = 4150 H1 (PCA) Tk AN 29 1k
AL55 FWTAE TE ZLIR B P e HH S AR ek AR e E s
B BA AR s Sakou 251 5 1ok 22 4343 Hr el A R R IR S

B K (%)

b 80
70 +
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Es0t :
¥ 40+
® 30 la ‘ ' .
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Fig.6 Results of hydrophobicity (a) and auto-aggregation (b)
of LAB

LE: AR R R AN R B PR 1) 22 57 25 (P<0.05) .
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IS Bt azrE . 3 Rk L 16 WA HHER,
SR PCA S3Mrrikai G )2 IR IS 21 MRFLIR B b
THRE e R AR T . JZUCRISK 21 PRELER A B R 55
S5 4H, dnEl 7 Fian . PCA 455 (3% 2) B 8AT 4 1
FERSY B TR N 74.828%, FHirh PC1., PC2. PC3
1 PC4 1 Jr 22 DT R 43 528 36.658%. 18.113%.
11.858% Fi1 8.199%., = 2 Wia~, Ikt 5214 LA
M 6 P A pE AN K IHFF R ATCC 25922, 4w (a4
ZERPE ATCC 25923, AiB ZEFEHFF B ATCC 6633 45
FErES PC1 BEEAHDG, A RN AT A Ik
BR3E . B R 32k A A B AZ B A ZRHT R ATCC
19115 Rk 5 PC2 i AHIC, T B4 1 (O & BRER B

J7, Horp FAE AR, 2% BHZLIR PR M9 A F1 2% A8 R b
=, SR NER 3 TR, R TR AR T, AR FLAB AT TR
THBI1-1 Z75459 00, R EAA F s iRsh a4
FrME. S5G R RERELERLEGKE, 21 MRELIRA
2 BREI T EEFLESFTIEE YTI1-4. TXI2-1, 1 BRE TR
FLFF B TXI2-4 F1 1 ¥RFE AR ZLAT B8 HZK2-4, 1 BRAE
Y FUALAT B THB1-1 M 1 kR G ZLAT 3 MTBI1-5 3t
6 MRFLIR B 3R S — 2, A BT H A ALY 25 A 4

2 FEMUIEATAERE  FHEE A 22 TTERR
Table 2 Principal component loading matrixes, eigenvalues
and variance contribution rates

ATCC 14053 #5PE5 PC3 B M E, HiKktES PC4 e o
WFEAAF, PCl. PC2. PC3 Fll PC4 13,8 T REAS 14 — — : ’ > N
SRS L T TS Sl 4 HT . AL AT BEYIET A Hafnq I“r‘% 0301  0.681  0.128 —0.323
1945 B HC F=0.367F140.181F20.1 19F310.082F4 1] DI"PHH FEET IS%% 0.666 —0.042 -0305 0.197
5o e : : : : ¥ A HRETERRR 0.713  0.102  0.128  0.305
i+%:tHZ:IﬁJ§LM%1Z'K&I\%§i¢ﬂ“HE B@%%ﬁ%%&;ﬁéﬁk 3 hE AR 0.17 0.582 0.542 0.24
20 - 4 him b 0.751 0.38 0.197  -0.094
8 hiiz A3 0.793  0.448 —0.12 —0.039
KIGFFHATCC 25922 0.792  0.166 —0.467 —0.051
40 4 SEAMAERAATCC 25923 0836 -0373  0.122  —0.019
Mt 2EAT ATCC 6633 0.603 0325 0.032 0304
60 - H S RBKHATCC 14053 0355  0.111 0754  0.348
‘ WEREZFFIFFIRATCC 11778 0.799 0433 0.186 —0.029
HIZR BRI ATCC 15442 0722 -0.338 0.035 —0.18
801 ‘ RAGFEVTIIRIHATCC 14028 0.668  —0.352 —0.437  0.035
1‘ m P IR ATCC 19115 0306 0.66  0.033  —0.432
oo L LD 5 SR 3 0.092 0692 -0.578 0.222
EEXEE 2 g2 g § 57 € 3 -0.277 0336 —0.246 0.721
Pl 7 ST AR 21 BRI 02 R K PRI 5865 2898 1897 1312
Fig.7 Hierarchical clustering dendrogram of 21 LAB strains TEFERAE%) 36.658 18113 11858 8.199
based on the probiotic propertics R TlkE (%) 36.658 54771 66.629 74.828
#3 WTFRSRELRDY
Table 3 Factor scores and comprehensive scores
Wtk F1 F2 F3 F4 F He
THBI-1 17.27088671 —6.632896227 3.553937669 1.505148994 5.684202007 1
YTI1-4 16.15881967 ~5.309639193 2.641468846 0.122771031 5293644143 2
HZK2-4 15.92708305 ~5.856978841 1.943309524 2.401729006 5.213321922 3
TXJ2-4 16.19348615 —6.216680912 1.57167889 1.717313463 5.145639662 4
TXJ2-1 15.98975121 ~7.027928206 2.504383058 1.898386 5.049872925 5
MTBI1-5 13.33816756 -4.812729715 4.040425852 1.139557573 4.598257815 6
HLB2-3 10.68823086 —3.533196703 8.008441177 3.213253987 4499563451 7
TKJ1-1 11.29057689 -3.85627063 7.409119417 1.162898229 4422699602 8
YTI1-5 12.55915515 —5.088474895 2.992692305 1.992957847 4207748911 9
TXJ2-5 12.36142089 —8.376576361 4322148119 6.037065112 4.029856112 10
YTI1-2 1191350162 —4.768901117 2.349699726 2.369208695 3.982973371 11
TPK2-0 12.5711146 —8.698995594 3.590482859 6.011172045 3.959264423 12
TXJ2-6 12.01155854 ~8.274659124 4614867594 5.97405379 3.949570336 13
TXK2-2 9.448186406 -2.11126432 3.484556244 4.081910449 3.834724419 14
TBK1-3 12.18011409 ~8.029976488 2.572617436 5.800100856 3.798425873 15
YTM1-2 11.9310453 ~3.790809979 1.964247248 ~2.705967835 3.704413078 16
TXK2-3 12.54853665 ~5.87899292 ~2.632314777 ~2.485985549 3.024118958 17
TKJ1-0 14.02866522 -9.901472286 —4.683845529 1755136937 2.942897264 18
TBK1-5 11.76733676 ~9.058136578 ~2.545725935 2.259336633 2.561414089 19
TBK1-4 11.16235263 —4.826504952 —3.223479867 —3.571798435 2.546504444 20
HLB2-4 2.105597791 3.808212677 —2.142442888 ~4.360923176 0.84949448 21
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