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Abstract: [Background] The giant pandas are rare, difficult to be bred, and susceptible to
digestive system diseases during the growth process. [Objective] To reveal the community
structure features and the roles of lactic acid bacteria (LAB) in the intestinal tract of the giant
panda and screen out the LAB strains with probiotic characteristics for the prevention of
digestive system diseases and the research on intestinal flora in the giant panda. [Methods]
Three culture media were employed to isolate the LAB from the intestines of giant pandas in
captivity. The isolates were preliminarily identified by Gram staining microscopy and hydrogen
peroxide test. The representative strains were selected for 16S rRNA gene sequencing and
Principal component analysis (PCA) based on the genetic diversity of BOXA1R-PCR spectrum,
and the safety and probiotics of LAB were further analyzed. [Results] A total of 58 LAB strains
were isolated, from which 20 representative strains were selected for 16S rRNA gene
sequencing according to BOXAI1R-PCR results. The 20 strains belonged to Streptococcus,
Leuconostoc, Weissella, and Enterococcus, respectively. The principal component analysis
showed that the community structure of LAB varied in the giant pandas at different ages. All the
20 strains showed negative results in hemolysis, and 17, 11, and 14 strains were susceptible to
11 antibiotics, tolerant to acidic conditions of pH 2.0, and tolerant to 0.3% bile salts,
respectively. Strains SW-51, SW-48, MQ-41, SW-58, and MX-23 demonstrated strong
inhibitory activities to 3 pathogenic bacterial species. Over 50% of the strains showed high
auto-aggregation and co-aggregation capacities. Three strains showed consistent acid production
and growth rate, among which Leuconostoc lactis MX-23 showed the best performance in
growth and acid production. [Conclusion] The intestines of giant pandas harbor abundant LAB
with valuable probiotic characteristics and application prospects, and the structure and
composition of the LAB were influenced by age.

Keywords: giant panda in captivity; lactic acid bacteria; isolation; probiotic characteristic
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A H [ BB DR 4 I 5 T O BT U HE B R
8 7 FURBRA B E IS0, A TCE RS T,
UK G ORAEAT B S0 3 3 BP A 743 88 T 7 AR
RESM X AR TR AEAR R A R EE v, IR B 2h A R, &
IfdRE, FAEREILE 1.
1.2 EFRE. TERAFNMUE

MRS i FRHEf LB #5575, T AR ILBUE
PRHEARA R BEOM. PREAMN. ¥
B WEBCKMRY . L-BEsm . sEIHER L 1,1-0K
F -2 = A 5L 78 Bk (1,1-diphenyl-2-trinitrophenyl
hydrazine, DPPH). Zifig¥y. PCR 5% . PCR
Mix , SR AEEIE R &, A= AR TR
(R B A PR A 5 A R AU, BN
ARG R w5 Tris-10 A AL ER bR vE i
R BEREREA RN WA R
ARE . EA. R S, =R, G
K BRI I-80 25, AR TITRN AL Tt .

Table 1 The information of giant pandas in captivity

Sample No. Name Year of birth Age Age distribution Sex
YY Yaoyuan 1993 28 Elder Female
X Zixia 1995 26 Elder Female
TS Taishan 2005 16 Adult Male
MX Meixin 2006 15 Adult Female
MQ Meiqgian 2006 15 Adult Female
SS Susan 2011 10 Adult Female
SW Shunwu 2013 8 Adult Male
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Multiskan FC fif#R{1¢, Thermo Fisher {{ &8/ ] ;
1EEYBIME, Carl Zeiss AG A7) a4
W FRAM, IS ARAE]; SR TR
.0 ML, Eppendorf 28 F] 5 5 SR AH 154,
Agilent A\ ] o
1.3 REE

Ht 5 A Ar v S PR . 4 BB A A Bk I
(Saphylococcus aureus) ATCC 27217 . i B0H
P K W FF 1 (enteropathogenic  Escherichia coli,
EPEC) ATCC 25922 #l s & ¥ '] Ik W&
(Salmonella enterica) ATCC 13076 ¥t [ H [
Tl A A R e R A B L
1.4 REAHE
141 ZFEEMD B

1 10 g RABSEZEMEAE S NA 90 mL JCREE
HE Kb, SRIGIEATREERREE 10°°, SRR
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YO AEE [ 5 BT 30 °CHE AR 3 d, 73 B ARG T bk
F MRS [EAREF5 E AT fb TR, X438
SEAL Y P RRIED T il B | 5 2 P SR AR
Ji R A2 S e
1.42 BOXAIR-PCR ZEE LMD

Z I BIHETR Jr AR BCRLRR TR R R SE A
41 DNA, >R 10 pL R NAR R 4T PCR 4714,
5% BOXAIR (5-CTACGGCAAGGCGACGC
TGACG-3"), PCR W& % : PCR Mix 5 puL, #
# DNA 1 pL, 5{#)(10 umol/L) 0.2 pL, ddH,O
#ME 10 pLo PCR [ 551F: 94 °C 3 min; 95 °C
30's, 40 °C 1 min, 72 °C 2 min, 35 M ; 72 °C
5 min, NPT 80 V HLE 4 2.0%MBIE
PEEERE LUK 2 h, FHEERE AR R GE AT FL UK AG I
1.43 16S rRNA EEFE¥ B 5F5|HH

{61 FH3E 519 27 (5'-AGAGTTTGATCCTG

GCTCAG-3") fl  1495r (5-CTACGGCTACCTT
GTTACGA-3")V R ARSI TY 4 . PCR
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0.5 uL, 4 DNA 1 pL, JCE ddH,0 #ME 30 pl.,
PCR [ 45145 B T 1HE 1 )5, PCR 729
A TAY) TR M) B A R w58 B
Dy 25 /A NCBI 8ds 2 Hh 47 BLAST X,
144 ZFEERESMHITM

1) bk UL

W ZLIR R AR IR S1R AT T MRS Ki R,
H 8 5 ] i DR 1S 39 = A5 o 15 23 (Clinical and
Laboratory Standards Institute, CLSI)FrifE 2012 #i
YU E R BT R R 1, 37 o
7% 24 h JEil RS AR IR E B, RS
CLSI #riEQ012)#E47 Hbds, PRSI RxTHiE &R
)RR

2) WL

K FH A TR 22 5 He I ASCRE il 25 47 1) AL i TRy 42
FIENST 5%l £F 2k = i %) 1 B g S mt 5 3 v
R4 3 ANER, 37 °CHiF: 48 h, WEA TCHAIL
B
1.4.5 FLERE 25 4 45 05 1K

1) FLFR A I R A5

W Al Ak Y LR P T MR EE RN T MRS WA ES
Fedhrp 37 cCHE R 24 h, 1EAL 3R T4 °C,
8 000 r/min &.0> 10 min, i FREERZE rhEL 1A
(phosphate buffer saline, PBS, pH 7.4)¥% 3 X,
T PBS AR A B & 1.0x10° CFU/mL.

2) it 3% A oG

T BRAE 1. LA 5% I3 ek BRUPL IR TR e M 2
FhZE pH{E A 2.0, 3.0 /) MRS 5538356+, 37 °C
K557 0 h 1 24 h J5IRATT MRS A |, 37 °CH;
F% 24 h A TG IR, % PO A KT EAAE %
FFT52R(%)=Agal Agx 100
K A HT Agy 200 37R 0 h FTEE SR 24 h J5 B9TE
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4 500 pL JE AL R IR 2645 10 mL MRS
B e piaig g, 37 °CH53% 32 h, 7RISR

BB 2 h P2 IR AT ODgoo M1 pH, 2l AR Y
R A IRINZL, FFRRSR 32 h R RYEE SR
WS BT 0.22 um A HLIERUE , R AR R0R
A {15 (high performance liquid chromatography,
HPLO)IE i g FLIR & it o WAH (il 5
A C18 A, WA S FEAiK, kb
FEVERG, VEBLI N 2 Al K (ATl 5:95),
ik 0.3 mL/min, FER 25 °C, KKK 210 nm,
HFERFR 10 uL,

2 ZERE54

21 EHMHLBEGURESFEERE
ALy BRI 73 MRFLIRAE, H YY
RS BSR4 8 BRFLRRTA, ZX 3R15 17 ¥k, MX
PAF 5 PR, TS K15 9 ¥k, MQ K15 15 £k, SS
AT 5 R, SW A5 14 #k. 73 MRELBRFAE KT
afifk, MRS 55573 | B TR 7% FRAIE 35 2R 9 R 2R 1T
I, FLat, 2Rk, mHARK, A
BB EEERIE(E 1A), Kali by E ikt
g2 Y WA (18 1B), Hid Ay 58 MR >
guta g PHME H 2 B (R 10). LR Ak
OB . 25 IR S Al a0 25 5, s 58 1k

PRI M RE N PR A o

1 REBMEIBREMNSBREBES AR SWILERE 5. B: FLERIA SW-58. C: itk SW-58
Jer B AS
Figure 1 Isolation of intestinal lactic acid bacteria (LAB) of giant pandas and microscopic morphology of

strains. A: Isolation LAB from sample SW. B: LAB SW-58. C: Microscopic morphology of LAB SW-58.
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WAL, KT BOXAIR & EE, &
£ 7 HORRERIHTE 6 AR RS E 2SR 20 BRAR
FHPRIEAT 16S tRNA K&K ¥ 408, 07 2%
JBAE GenBank 1 BLAST #E47 [A] U6 He X, 4%
RER 20 KW HE THPRKREE
(Leuconostoc) . J#Ek # J& (Enterococcus) . 417
FC T4 & (Wei ssel | a) Fi1 4 BK 14 J& (Streptococcus) ix
4 A&, Hr B 5 Bk 1 8 (Leuconostoc) 5 i Bk
J& (Enterococcus) kK RE i i 18 L IR 1 1Y G
AR, o E R RR Y 30%F1 35%. 452

F W KBRS i 18 2 A 5O F 8 0 2L IR T R 7%
4ty
23 KERBMEIBREZHUHSINER

LI T TR R 1 23 S SR IR 45 SR T LU Y, W
FF 2 741 J| (Leuconostoc) 7EFR YY LAAR ) HAt 6 H
KAES I B A A Ho 7 e K W ekid s
(Enterococcus)7ERE MQ 4K AES 73 ¥4
K, JFHEBR SS FESL SN AR AES I 1B Y4
# K mEKE(E. hirae), M2EHBRE E. faecalis)
XAE SS Je SW ARk P A s BT IR R
(Weissella)E YY . ZX., TS. MQ Fll SW i rh
AR, H, BFEHMIICEW. cbaria)fE
YY Fl ZX PR, A B FQ R (WL confusa)
1 TS Fl SW FEGL A, 72 MQ # it o I Fh B30T
[ AR, SWFE b b B & ZLIR T Al 2K i

*2 BEFRAREDEIBRERREKRNETE
Table 2 Identification results of intestinal LAB of giant pandas in captivity
Genus rDNA type Representative 16S rRNA gene BLAST analysis
(strain number) strain Nearest type strain (accession No.) Similarity (%)
Enterococcus 1(17) YY-1 E. hirae (CP003504) 99.5
ZX-10 E. hirae (CP003504) 99.5
MX-21 E. hirae (CP003504) 99.5
TS-25 E. hirae (CP003504) 99.5
SW-51 E. hirae (CP003504) 99.5
3(2) SS-44 E. faecalis (ASDA01000001) 99.3
SW-48 E. faecalis (ASDA01000001) 99.3
Sreptococcus 2(2) YY-5 S lutetiensis (DQ232532) 99.2
Weissella 4 (4) ZX-20 W. cibaria (AEKT01000037) 99.5
YY-6 W. cibaria (AEKT01000037) 99.5
MQ-41 W. cibaria (AEKT01000037) 99.5
5(5) TS-30 W. confusa (AB023241) 99.3
MQ-43 W. confusa (AB023241) 99.3
SW-58 W. confusa (AB023241) 99.3
Leuconostoc 6 (28) MQ-39 L. lactis (AB023968) 99.0
7ZX-18 L. lactis (AB023968) 100.0
MX-23 L. lactis (AB023968) 99.7
TS-27 L. lactis (AB023968) 100.0
SS-46 L. lactis (AB023968) 99.7
SW-56 L. lactis (AB023968) 99.0
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Figure 2 The distribution of intestinal LAB of giant pandas. YY: Yaoyuan; ZX: Zixia; MX: Meixin; TS:

Taishan; MQ: Meiqgian; SS: Susan; SW: Shunwu.
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By 1 M 2 Bl iR T 75.69%F1 16.04%
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ey, A [] AR R R M i 1 LR T b e 45 4
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H 5B S I B e, 10 R Re O 1 1B FLIR
TRV 4 A8 Bt 2 AF I 3 K R A T I R ek e
FECEAERBEMT S HEILREZEFKK.

PCA AT 45 SRR, AR I 2% K AEAH 7 18 3L
R TR RE 45 FA) S e 25K
24 IABEREMIFME
24.1 AMKLE

R4l TR PR AE I0L~F- AR b 2 75 T Bz B ¥ 1 P
SR W LS I e, v ™ AR R AR AU T Ry
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o
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Figure 3 Principal components analysis for
intestinal LAB of giant pandas. YY: Yaoyuan;
ZX: Zixia; MX: Meixin; TS: Taishan; MQ:
Meiqian; SS: Susan; SW: Shunwu.
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- LRI IL) 77 AE 58 4237 BT IR 1Y) B-
VLSS AR UML), v J) FRL IR L ER A D -
(R, HRA 20 PRALER B 7E -FAR_F 35
AT, FE AL
242 IAERHRERE

R 52 1 I DR 1S 36 2 A 1 3 23 (Clinical
and Laboratory Standards Institute, CLSI) Fr HE
2012 Xof R BT 24 AT AR E , TRPR YY-1 X7
MR N E . R | ARG R D
JERUBTEXT SR R R I R R M2y,
IR YY-6 XPHERE R 5 R R LR R U,
AR ZX-18 X & gkl . FIAE-F- R 2 = T

*3 IBMEEKRERHERMN
Table 3  Antibiotic susceptibility of LAB

2y, HA 17 BRILRR AT 11 FhbiE RIUR, o]
PE—2 T 25 AR T RE I E (3 3).
2.5 FEREmEAESFYE
251 FEEBIW S

17 #RFLER A T R IR I 25 S R, &5k
)i R AN IR S B T AR I B Y 22 (R 4). it
PR 6 PR BETE pH {H 2.0 BBRTE R/ T
AR, 3 BREABETE pH {8 3.0 FIRRTE &1 T 2k
K, HAREKSA RIS, HAh ik
SW-51., SW-48. MQ-41. MQ-39 Fl MX-23 7E
pH {A 3.0 MR &4 T A6 235 F 100%, 5
B A R LA B I T R s 7E 0.3%MHER R T

GM CFZ VA CIP
10 pg 30pg  Spg

Strain No. SXT

w
=
=
[0}
&)
[
=
[0}

TE
30 ug

2]
<

RD C P E
5pg 30 ng 15 pg

._‘
S
=
[0}
—_
(e
-
[0}

YY-1 S
ZX-10 S
MX-21 S
TS-25 S
SW-51 S
SS-44 S
SW-48 S
YY-5 S
ZX-20 S
YY-6 S
MQ-41 S
S
S
S
S
S
S
S
S
S

o

TS-30
MQ-43
SW-58
MQ-39
ZX-18
MX-23
TS-27
SS-46
SW-56

N N 1V V2 1 Y1 Y1 L1 YD L1 ! L1 L1 T LP L L L L L L
nn N Y1V . »» 11 11 1N Y1V 11 1 11 11 1N 1. 11 . \1». . »n »nn —
nn N 1 Y10\ 1 Y1 1 L1 LD L1 L1 L1 L1 L L L L Y

S S

nn N 1. \2 "2 1. L2 1 L1 L1 1 LD LL L1 L L L L L

—

n NN N "N 1 "N YN Y. Y Y = n n n N N Y ynvnx
»n NN X NN V. nNn VN NV n nn n »n n »nn
N "1 2. \V2 LD \1 Y1 L1 LD LD LD LM L L LD L L L L L2
n N v .1 "1 1 11 1N Y»n Y1 | 1 11 11 Y1 ¥ Y11 »11» \Yn» -

S S

GM: K KEER; CFZ: kitimbdk; VA: AHER; GIP: AV AE; SXT: EFHiEH; TE: MWHE; SM: #EX;

RD: Fl##F; C:

HER; P HEER; E: A%R. S #E Lk

R R: T ZY

GM: Gentamicin; CFZ: Cefzolin; VA: Vancomycin; GIP: Ciprofloxacin; SXT: Cotrimoxazole; TE: Tetracycline; SM:
Streptomycin; RD: Rifampicin; C: Chloramphenicol; P: Penicillin; E: Erythromycin. S: Sensitivity; I: Morderate sensitivity; R:

Resistance.
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PR 4 h A 14 ARIERERS AR, T H AR
PRIUAEIE #>200%, FRIAXLEHIRTE 0.3%HE:
AR R, BB IHER R s Ak
MX-23 H i iR e g A AH 68 07 35 8 2 v T
b HER TR AR
252 FBEHIHIEEE

14 BRFLER X 3 P8R 1M 25 R KW
H 2 BRTH ZX-10 F1 MQ-43 X} 3 #4545 13 24 T4
PRI, 11 B TR 4 0 €0 3 25 BK T A I AT RICR
9 Bk X g Bom R A TR, 8 bR
XIHRIPTTIREAAMESCER, 5 R SW-51,
SW-48, MQ-41, SW-58 Fll MX-23 % 3 5w
P A IR, Hh SW-48. MQ-41 #
MX-23 X 3 Fds 7 R IR BLAE3>10 mm, )
P AE T B o T LA AR ik, SR s
I AE I (3 5)-
253 FERERBSBMILREBEEN

14 #RFLIR A 10 BRI HA A RERRT),

F 4 FEREEMKRET ST
Table 4 Tolerance characteristics of LAB

FEITE 13%—45%2Z 0], HA Pk SW-48. MQ-41,
MX-23 BAK P AEERE, 258 45.22%.
33.82%7F1 36.85%; FLMR TR X 4 ¥ (0 A 3K 1A
KIGFFE MU TR L EER A R K, B
ZX-20., MQ-43 Fll SW-56 3% 3 Bk AAG M 2]
BERBETT, LA 11 BRIEXT 3 BRAEAR I RN
AN Te) B R LB R AE T, HYE e o
2%—16%. 9%—28%F1 2%—15%, Mtk SW-48.
MQ-41. MQ-39 F1 MX-23 5 R JIHTF ) g 2
AR, 3N 26.73% . 28.36%. 24.44%F
24.74%, HrhEikE SW-48 HAT 8Ty H WA
LR/ TI(E 6).
2.6 FEERIEKMZEMNERMZ
TEHUTE 2 Ak 0 4 2E Dh R R ME R R 0 A
U FHRT B 3 MR SW-48 ., MX-23 il MQ-41
2P AR R BRFE (8] 4) . 45 R
SR A K AN BR KA TE AR DG, 3
TEXESE 4 h ek AXTEUER W], BB KR

Strain ~ pH 2.0 acid resistance

pH 3.0 acid resistance

0.3% bile salt resistance

No. 0h 24h Survival rate (%) 0 h 24h Survival rate (%) 0 h 4h Survival rate (%)
ZX-10  2.32x10° — - 8.76x10° 3.16x10°  36.07£1.65]  1.77x10'° 1.34x10' 75.71+2.57k

MX-21 1.35x10° 4.06x10" 29.85+0.65h  1.44x10° 8.31x10%° 57.71£1.24h  3.82x10'" 5.67x10'" 148.43+£0.95¢
TS-25 7.98x107 — - 3.62x10° - - 2.68x1010 — -

SW-51  1.12x10% 9.84x107 81.64+5.73d  5.69x10° 5.75x10°  101.05+2.94d 4.13x10'° 8.59x10' 207.99+3.87d
SS-44  6.32x107 - - 3.31x108 - - 7.72x101° — -

SW-48 8.75x107 9.13x107 111.35+7.42b  6.67x10° 8.82x10°  132.23+4.30b 9.36x10° 2.55x10'° 272.44+5.21b
YY-5  7.74x10° — - 459x107 8.63x10°  18.80+0.99k  9.47x10° 5.97x10° 63.04+1.17i

7ZX-20 2.33x107 8.38x10° 39.73+3.36g  9.45x107 4.84x107 51.22+1.62h  6.11x10° 4.56x10° 74.63+1.78k

MQ-41 4.38x10° 3.98x10° 95.44+4.73¢  6.68x10° 7.97x10° 119.31+4.15¢ 7.51x10" 1.47x10" 195.73+5.44e
TS-30  6.89x10% 4.51x10% 62.79+2.57¢  1.30x10° 9.66x10°  74.31+1.85f  3.32x10'" 3.62x10'" 109.04+2.57i

MQ-43 7.34x107 3.54x107 49.38+1.07f  4.34x10% 3.18x10% 73.27+2.57f 2.17x10° 2.54x10'° 117.05+6.70h
SW-58  1.05x10° 7.47x10° 68.0242.30e  6.19x10% 5.83x10°  94.1842.95¢  4.38x10'" 7.16x10'° 163.47+3.43f

MQ-39 5.56x10° 6.16x10%° 111.05+5.41b

3.93x10°  5.12x10°

130.28+3.18b  3.48x10'" 9.01x10'" 258.91+5.70¢

MX-23  1.69x10% 2.13x10° 131.49+4.93a 5.78x10° 9.21x10°  159.34+2.52a 7.84x10'° 2.44x10" 311.22+4.42a
TS-27  2.08x10° 8.63x107 43.39+1.84g  9.29x10° 5.66x10°  60.93x2.21g 2.08x10° 1.91x10° 91.83+0.94j
SS-46  4.91x10° - - 4.47x10" - - 3.02x10° - -

SW-56  4.63x10° 5.47x107 1.34x107  23.93+0.49]  5.56x10° 6.03x10° 108.45+3.91i

—: AWz, RBHEFREERER, 85 AR R/NG FEEFRR Al —F8 bR 7E A [ Ak 3 8] 22 5 i 2 (P<0.05)
—: Intolerance. The numbers in the table represent meantstandard error, and different lowercase letters after the numbers indicate
significant differences in the same indicator between different treatments (P<0.05).
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Table 5 Antibacterial activity of LAB
Strain No. Saphylococcus aureus ATCC 27217 Escherichia coli ATCC 25922

Salmonella enterica ATCC 13076

ZX-10 - - -

MX-21 5.10£0.19f - 7.54+0.06d
SW-51 8.57+0.32¢ 8.52+0.19¢ 11.44+0.13b
SW-48 10.99+0.42b 11.5140.23¢ 12.31+0.10a
YY-5 - 8.09+0.07 9.39+0.07¢
ZX-20 10.53+0.66bc - -

MQ-41 10.71+0.42bc 15.79+0.14a 12.23+0.10a
TS-30 10.37+0.16¢ 10.18+0.08d -

MQ-43 - - -

SW-58 9.43+0.19d 7.47+0.25g 11.52+0.32b
MQ-39 10.58+0.21bc 7.18+0.03h -

MX-23 10.31+0.18¢ 15.1240.11b 12.42+0.40a
TS-27 9.14+0.10d - 6.63+0.17¢
SW-56 11.54+0.05a 8.18+0.03f -

— CIWERCR. FPEEE NI B EAA T AR R (mm), G AR/ NS R R Rl —FE bR e A R A B ] 25 57 3
(P<0.05)

—: Non-antibacterial activity. The numbers in the table represent inhibitory zone diameter mean+standard error (mm), and different
lowercase letters after the numbers indicate significant differences in the same indicator between different treatments (P<0.05).

*o6 FEEEMABREMLREED
Table 6 Auto-aggregation and co-aggregation ability of LAB

Strain No. Auto-aggregation (%) Co-aggregation (%)
Saphylococcus aureus Escherichia coli Salmonella enterica
ATCC 27217 ATCC 25922 ATCC 13076
ZX-10 - 7.29+0.04f 13.58+0.46g 11.38+0.14¢g
MX-21 31.1540.47d 2.27+0.09j 11.30+0.21h 13.46+0.22¢
SW-51 28.15+0.18e 3.48+0.041 19.55+0.15¢ 10.50+0.141
SW-48 45.2240.51a 12.58+0.51b 26.73+0.18b 15.35+0.12a
YY-5 13.52+0.43i 5.98+0.13¢g 20.83+0.31d 12.20+0.07f
7X-20 17.49+0.59¢g - - -
MQ-41 33.82+0.33¢ 16.07+0.39a 28.36+0.26a 14.63+0.08b
TS-30 15.97+0.16d 10.73+0.29c¢ 18.23+0.10f 2.65+0.14k
MQ-43 - - - -
SW-58 - 7.69+0.17¢ 19.32+0.11e 11.14£0.08h
MQ-39 24.62+0.32f 2.16+0.16j 24.4440.23¢ 8.69+0.13;
MX-23 36.85+0.35b 9.60+0.13d 24.74+0.18¢c 13.17+0.06d
TS-27 13.31+0.22i 5.32+0.07h 9.38+0.151 12.69+0.05¢
SW-56 - - - -

- JCRCR. FHECT OISR R, B R AN RNG TR RO Al — SR AR AN [RI AR B E] 22 57 B (P<0.05)

—: No activity. The numbers in the table represent mean+standard error, and different lowercase letters after the numbers indicate

significant differences in the same indicator between different treatments (P<0.05).
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Figure 4 The growth and acid production curves of three LAB. A: The growth curve of LAB. B: The acid

production curve of LAB.

FOXEI, BRI pH BEZ BRI, A PRIA HIER
TEAE AR, 3 BRIEAY pH 2L AR, 77 iR s
REARK MR E—BhE, 13 MEmER
BRI RRAE A ER I BN 2E R, Wk
MX-23 7ER: 5% 12 h ik Bk e A K, KRR
% pH {7y 3.81, TRk SW-48 Fl MQ-41 43
BIFERESE 18 h A1 20 h 5 ik BIEE 2 A K I 4A),
R 2 pH {53518 4.16 F1 4.23 (4] 4B).
HPLC K25 R0, 3 MR SW-48, MX-23 FlI
MQ-41 #r AEFLRR, MHEE A M FL R 2k
y=41.478x-4.976 4 (R*=0.999 6)i 1% 1% Hitk &
P LR Y 5 i A3l a2 3.93 .4.65 F13.88 g/L,
TR MX-23 1977 2LER AR 1 5 1k g L A
AR P

3 WwE5&E#

FRIT X T 1 T8 A 0 0 AT 22 LA D %)
GEAT KT RO FEERE bl R A — AR R A
VERY T 53, W HEEA A dE 1 i v B iy
AR ISREN Y, BT LUAS A9 AR BB S0 Sy B
FERS G i N T IR LR R A TS B
MRS I DTSRI, Al 53R | 168

rRNA-RFLP %577 vk K IR RS i N & A &
WL T %5, FLAT )8 (Lactobacillus) . %% T
G B (Weissella) . 55 BR 1A & (Sreptococcus) A1 iz
BK 7 J& (Enterococcus) i & 4 th 117 {H ks R
PP AR R B o 3 T R 5 A8 O A b 0 B A
L TR 1A X R RE A 1 1 LR T 4 BiF 933 48
A SER T AT 555 07 6 AN [R)AE I8 R AR AR 25
fEAE S P FLR A 1747 B, BOXAIR-PCR
ZREAE AT P25 R KW 7 A BESH SR AL
HAEH 4 DNEWILRE, 50 B IRE R
(Leuconostoc) . ¥k # J& (Enterococcus) . £ FK I#
J& (Sreptococcus) AT G 7 & (Weissella)y, HiH
FLUTHER TR (L. lactis) B UCTE K e i B A i vh
o th, TEZ R R A oA B R OR .
FRIT TR B, AR ARSI 5 AR . BUAE R
AESMAH L, M7 B FLRR A A 45 14 22 S ok, KRB
AR R W 1B FLIR T AR I, B A1
R K, H %8 N i ER H & (Enterococcus) (5 H
B4R, i HR B A A (Leuconostoc) (i L/ o 3X
ol e AE U 22 S 5 | A i T T A ) TR IR 5 ) 2 S 3K
KB G 35 R 3t , i P 2 U8 A ) 4 1 B
4 220 W i TR A5 M0 22 S A T 00 B, R BB AF
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I & 22 M3 i T RELS F B B S AR R AR 2 A
AR BN & 2 AF e 220 5 OIS R[] AT
JTE S DR TR 5 R AR5 R B, A X i o S
R E AR 25 oA Ve, 2L
M A B E KT AN
Claesson ZP5@ 1 XF 1 65 % LA | 3% A FI4ESRR A
4 Ji T TR R TR 2 B, i R TR P 65 ) Bt 5 4
W2 BT B, R A R R IR R
W) 7 T Al A 0 235 A R 2L I Y — S R T
FPU AR as RS B A ST AURAR L, TR
e TR AT DR 3R G A ot TR 45 A 5 i) 58 K 1) R
G, RIKBAEKBEN 5 . BUAEKBEN
T LR TR TR R A ) 25 R

7 1 5 9 5 A Ry 2 i LK RE AR AE T I
DR, JUHEE X R R R RRAE , i 3 1 A 2
B 2 = T AR , FLRR A AR M dne iy WL — 2%
AT, BATGE I IE N ERERTE | R
TR ORAE N T (g B SEAE X447 K RE A i 1
fa bR HA S AL A Tz N IR AT
s H B R, HE G Mo £
T A AN SR T 24 6 DR 2 A, T L ) s
i 3 SO 1R A5 #& it 25 56 R4 i n] fig LA Ve
AR I TG P, X PR R A T 2 A v PR A 2 I P
LRI . ASBIFGE Hh IrA BR ARBS JC U I T
BREAPR YY-1 X2 SEWET2S . BB RSB
PrAE R 24, HXr K FLR X 2R A R
HAEN, S5EeARMEaEt—s, wmair
HH o S L R P 48 4, o] I Sk 25 A T RE
W, FLIR S AR R, i R
SRR, — M E W pH (E N 2.0-3.0, EY{EE
HER 2 h A4 R, B THIRER J1 I FLIR 1R A4 fE
F kWil , AN R I 2 T I IE SR
(0.03%—0.3%) M PREE , DR ML FLIR 1R B AE AR P & 44
AR, AMUEMER, 075 HATH 52 0 1k
F1BT S AR 5 30 sk 2 A O 20 A L I T A AR

B 64.71%F1 82.35%I1 18 43 A REFE pH {H 2.0 I
pH {H 3.0 B4 T K, 23.53%MHBEFE 0.3%
NEER Z5 0 A R, F W R BEAN M i LR AT L
B R AT 2 5

A SRR R T 5 A R AE /N N E B L TR
TIE TR B 15 25 B 1 25 26 PR R, W] R F 40 i
55/ b R A e T SRR AR )l LR T X
O R TE LR, B RSO e NG N E TR, A
FIFBOR BB BFIR4 R 70% L 1
PR AR AT A SR AR R AR 7, o 2
BRI (E. faecalis) SW-48 . £ 3 20 7 [C & (W.
confusa) MQ-41 1 %L g W 5 2k & (L. lactis)
MX-23 HRILPE G B EER g R, H
HEERIEEIN 33%—45%, IS5kt Km
FFA S EER T B 24%—28%, 1HIX 3 BEH
PN T N HAT BT 0 B B RE T o LR A
FPAEANIR AR o A R SRS PR,
5y Rl p ol TR0 A B0 AR K, FERR TE FL
i A X SO AN T S P g R, T oR e SO
¥R W TE R Ji 38 v 43 B8 0 0 LR TR X K A oA
AR FEEPURCR, B PR 5E R I LR
PV TR EA —E IR IE T, A 58 7 02

TEHEAT THRSE, 4R R B LR TR % 2 A
R AR A TIRIVER . AR S5 RRIA 5 PR
FLERTE SW-51, SW-48, MQ-41, SW-58 Fll MX-23
X3 AR EAMEACE, Hrph SW-48,
MQ-41 Fil MX-23 74 BIPITA BEA 10-15 mm, &
P BRI B RE T, XX 3 BRI R R 1
Mra B, SkAA | 7 BRI DL ™ LI
YIRS, Hrk MX-23 HAE KR, ™
1% it 7 5 RN ™= LR 2 /=5 AR AIE , ZR N HH B4 1 iy
1.

ACBIEFE L XF O BB A 26 v 7L R TR A M g 2R
FRPEHEAT TR, TR R ARSIl v A 23
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PR T R, T A RO i I B B —E
BRI, o BT 405 R R WA e DR R AR R R 45
ey e AR 1 S MR AR & Ry PRI 4 R AR A
EOEH AL R GBI , nlAEA R A T AR xS a7l
PR I HEA T IR AR BIEST , B A 3t oAy R R A i
PRSI S %
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