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Tolerance and probiotic characteristics of lactic acid bacteria
in traditional fermented raw cheese in northern Xinjiang
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Abstract: [Background] Among dairy productsin northern Xinjiang, raw cheese harbors a
variety of microorganisms and is a valuable source of high-quality food-grade microorganisms.
However, the rich microbial resources contained therein are facing the risk of being lost.
[Objective] To establish the growth curves of 41 strains of lactic acid bacteria isolated from raw
cheese and characterize their tolerance to low pH environment and probiotic characteristics.
[Methods] Forty-one strains of lactic acid bacteria isolated from raw cheese were cultured with
simulated gastric fluid and the media containing 0.3%, 0.5%, and 1.0% bovine bile salt.
[Results] Among the 41 strains of lactic acid bacteria, 6 strains (QM-5, QM-27, UM-12,
UM-18, NM-11, and NM-14) grew well at pH 2.0, 2.5, 3.0, 3.5, and 4.0. In the medium at pH
2.0, QM-5 strain maintained a survival rate above 50% and the viable count more than
10* CFU/mL. The lactic acid bacteria isolated from raw cheese has strong resistance to acid and
bile salt and can survive in the gastrointestinal environment. Furthermore, the 41 strains had
inhibitory effects on Escherichia coli, Staphylococcus aureus, and Bacillus subtilis.
[Conclusion] Three dominant strains with antibacterial activity and comprehensive tolerance to
acid, simulated gastric fluid, and bile salt were screened out.

Keywords: raw cheese; simulated gastric fluid; antibacterial characteristic; lactic acid bacteria;
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Figure 1
curve of the last 21 lactic acid bacteria.
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Growth curve of lactic acid bacteria. A: Growth curve of the top 20 lactic acid bacteria. B: Growth
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Figure 2 Tolerance of strains to low. A: Resistance of strain to pH 2.0. B: Resistance of the strain to pH 2.5. C:
Resistance of strain to pH 3.0. D: Resistance of strain to pH 3.5. E: Resistance of strain to pH 4.0.

YH
e DL

SERTN P RR SR h 43 5 1 — RRAE P FLAT B 7E
pH 3.0 MZMF TG RN 55%, af A SR
6 RTA HAT SR IR R BE F7, LA 1A T 1R
JITIRES WA N Z R A W2 5 R AU R AR
AR BRI F BT . ARFLR
PR T R R R iR 52 T3 8 — RE Y 2250, X5 R
ZWFARIED ) — 3

M ERIRIET R, LA REGSH 6 4

FFE(QM-5. QM-27, UM-12, UM-18, NM-11,
NM-14) 6 BE, FEA TR R A

R 1 Mk 2 ATH, Ek QM-5 & T
Lactobacillus paracasei, *FRALFL 0 h Fl12 h
i, AR pH 25 PF 35 R R X B AT HA 7 A
FE2S, WHEK QM-5 7€ pH 2.5 B 4L
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*1 AHFABREAELRRE pH BYEEH

Table 1 Viable count of six strains of lactic acid bacteria at different pH

Group AFI5 B[] B PkgiS Strain No.
Survival time QM-5 QM-27 UM-12 UM-18 NM-11 NM-14

it BB 2H 5 A0 h) 2.98+0.010a 3.45+0.030a 3.15+0.030a 3.01+0.010a 2.96+0.015a 3.01+0.037a

Control group Viable count (0 h)
TH A2 h) 2.48+0.025¢ 3.07+0.040a 3.16+0.010a 3.05+0.010a 3.05+0.010a 3.25+0.010a
Viable count (2 h)

pH 2.0 1S R0 h) 2.91+0.032a 2.88+0.020d  3.10+0.015ad 2.99+0.010a 2.96+0.020a 2.98+0.010ab
Viable count (0 h)
G2 h) 2.49+0.010c 3.03+0.026a  3.12+0.025ae 3.00+0.010b 3.01+0.010ac 3.15+0.010bd
Viable count (2 h)

pH 2.5 1SR EL(0 h) 3.01£0.050a 3.26+0.037c  3.1140.005ac 2.96+0.020b 2.91+0.015a  2.97+0.020ad
Viable count (0 h)
HHEEQ2 h) 2.96+0.041a 3.02+0.008ac 3.14+0.005a 3.01+0.010b 3.00+0.020a  3.03+0.010c
Viable count (2 h)

pH 3.0 ERE O] 1.84+0.045¢ 3.35+0.015b  3.09+0.010ae 2.95+0.010d 2.87+0.015a 2.95+0.010af
Viable count (0 h)
IH %2 h) 1.14+0.040e  3.04+0.020a  3.13+0.010ad 3.01+0.010b 3.00+0.010ab 3.15+0.015b
Viable count (2 h)

pH 3.5 TS A0 h) 2.34+£0.017b 3.42+0.010a  3.12+0.020ab 2.96+0.010c 2.94+0.010a  2.98+0.010ac
Viable count (0 h)
TH %2 h) 2.62+0.040b 2.99+0.015ab 3.14+0.010ab 3.01+0.010b 2.97+0.020ad 3.15+0.010b
Viable count (2 h)

pH 4.0 RO 1.72+0.020c  3.40+0.010ab 3.09+0.010af 2.99+0.010a 2.93+0.015a 2.96+0.010ae
Viable count (0 h)
G2 h) 1.42+0.030d 3.04+0.010a  3.13+0.010ac 3.02+0.015b 3.02+0.015a  3.14+0.015b

Viable count (2 h)

Al —AT AN B PR RN FEGE 27 A g 22 53:(P<0.05) (

FLIR AT P2 P4 Wk 5 T4 4K 10° CFU/mL)

Different letters in the same row indicate statistically significant difference (P<0.05) (number of acid-tolerant lactic acid bacteria

is 10® CFU/mL).

HIZ 1R 2 AT, bk QM-27, NM-14 )&
F Enterococcus durans, QM-27. NM-14 HtETE
0 h F12 h i pH (YN 3.5 BHE EECA R
UM-12, UM-18, NM-11 H¥RJET Enterococcus
faecium, XEERARLENR pH AELZAE T (pH 2.0)iE
Budscsy, AT ARI2EAAA Enterococcus faecium
PRI LA PR A O TR TR 52 7 B 58
2.3 THAEERMIKE R

FLER 2 T T il , e iR R A —
TR AT 520, 75 W AR ER7E 4f A b7 R i B i

X B AN AR A e IR HAT B

i et

TRe , 18 WA/ INg Hh g R Joih 6 2 25 A 0 R 4
A T RE R EERTARD, T UG RR AR i 22 A
St R 45 A T I E S bR AR YR B e S
(45 BR Bt 1) 0 B AR AE S TR BH SR Mk B2 ) MRS
B dkrpaigE 8 h, PSS, T REARAAEE
RRAECAT T ARERBE T o BRI LR it 32 14 25
T 3 R

M3 AU, 35 41 PR FLIR R R AR FE AR SR
WRE 0.3%A403HE 0 h (- IATE %600 93.34%, 4h
HEIITETE RN 72.65%, 8 h HEIFEIE RN
47.37%.QM-27 . UM-2 ,UM-18 .KM-12 .KM-14
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B RRAE 15 RTE 29.76%—50%2 [8] .

41 PRILER B MR TE A ER R E 0.5% 407 0 h
Je B AETE R 94.67%, 4 h 5 BYSE-EI 7S 2
1 74.67%, 8 h HFRBIfEIE %K 39.37%. QM-7.,

AM-3, AM-6, AM-8, NM-8, NM-11, NM-12,
NM-14, NM-15iX 13 #REE, 7E4LFE 4 h F18 h
Jo BFETGE R KT 50%, QM-22 HEFLRTAEEL
FE 0.3%Mi 32 PE I, TG R 29.76% ., HAR
x2 TRMRSBINIAREESHIT

Table 2  Statistics of lactic acid bacteria isolated from different areas

Wtk s AR RRER RS 5 RHARG LR IR
Strain No. The most closely related strain Strain No. The most closely related strain
QM-1 Al LA KM-6 JeL FLAT IR

Lactobacillus paracasei Lactobacillus brevis
QM-2 K FLAT I KM-7 il T B LA

Lactobacillus gallinarum Lactobacillus paracasei
QM-3 B I LT KM-10 I LT

Lactobacillus paracasei Lactobacillus paracasei
QM-4 LA KM-12 X LA A

Lactobacillus gallinarum Lactobacillus gallinarum
QM-5 Al LT KM-14 R FUAT

Lactobacillus paracasei Lactobacillus gallinarum
QM-6 MFLIT I AM-2 R FLAT I

Lactobacillus gallinarum Lactobacillus rhanmosus
QM-7 XA AM-3 T i )

Lactobacillus gallinarum Lactobacillus rhanmosus
QM-8 B I LT AM-6 R BEZLAT I

Lactobacillus paracasei Lactobacillus rhanmosus
QM-10 XA AM-7 AR LT I

Lactobacillus gallinarum Lactobacillus rhanmosus
QM-17 X ST AM-8 R BEZLAT I

Lactobacillus gallinarum Lactobacillus rhanmosus
QM-20 Al m LA T AM-9 R FLAT IR

Lactobacillus paracasei Lactobacillus rhanmosus
QM-22 Al LT AM-10 R FLAT IR

Lactobacillus paracasei Lactobacillus rhanmosus
QM-24 LA AM-11 AL

Lactobacillus gallinarum Lactobacillus rhanmosus
QM-25 RFLIT I NM-1 il T B LA

Lactobacillus gallinarum Lactobacillus paracasei
QM-27 [EPN7ENG NM-3 il T B LA

Enterococcus durans Lactobacillus paracasei
QM-28 X ST NM-8 I ST

Lactobacillus gallinarum Lactobacillus paracasei
QM-30 Al m LT NM-11 BN ]

Lactobacillus paracasei Enterococcus faecium
UM-2 RFLAF IR NM-12 kA

Lactobacillus gallinarum Lactobacillus paracasei
UM-12 B BN ] NM-14 [N 752N:]

Enterococcus faecium Enterococcus durans
UM-18 FEERIA NM-15 FENHER A

Enterococcus faecium Lactobacillus paracasei
KM-1 T R

Lactobacillus brevis
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QM-8. QM-20. QM-24, NM-14 3% 5 ¥kH7E 4 h
M1 8 h J& TG IR T 50%. AM-2 B XS R
ERREE 0.5% T S2 M IR, FEIE A 27.60%.
HATRATTE RAIE 27.60%-50%2 [A] .

41 FRFLIR TR BRI MRZE AR ER YR 1.0%40FE 0 h
JEHTTEE K 92.11%, 4 h 5 RS R R
80.56%, 8 h [HFIIfFIEHN 38.91%. QM-4,
QM-27, KM-6, KM-14, NM-14 X 5 ¥k#7E 4 h
1 8 h JG AFIEHRII KT 50%. NM-1 BT IHER
W 1.0%INIMSZHERAR, FATHN 24.05% ., Hag

250.00
200.00
150.00
100.00

Survival rate (%)

250.00

(3]
=)
<
=)
S

Survival rate (%)

Survival rate (%)

B3 AR AEE B J1 40
71.C: BEBRXS 1.0% B JHER (1Tt 57 fig

PRAFIEG ZRAE 24.05%—50.00%2 [f] .

BEYTES L B W HA G S#EA T 38
55 ELAT IR AE R 0 IR R 4 e AR B i 2 4 i s
FA)3E 325 P, 36 Ao A 24 S ) 5 4 e ol A4 i A
T-BY P, FLER X A W i b vk B R
AR BT 52 6 07 2 A e LV AE g A MR )
b WEFEFBIEON /N p9 H R A 5 5 7R
03%A 4T, —REYELTFE 1-4h, FIHAS
IR 0.3% . 0.5%. 1.0%F1IHER MR BEXT 41 BEFL,
PRI AT 8 h 557, fAIGTEOLILIE 3, ZRG IRER

o0he4hoBh

Strains

Strains

Strains

A EBRRX 0.3%KEZABEL YT A2 BE 1. B: TEMRXS 0.5% B IHER iR 32

Figure 3 Tolerance of strains to bile salt. A: Tolerance of the strain to 0.3% bile salt. B: Tolerance of the strain
to 0.5% bile salt. C: Tolerance of the strain to 1.0% bile salt.
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it 52 VRSB 45 5, bk QM-27 . KM-14 NM-14
N AHERVEDL R, AR RT 50%,
IAT DL, D52 A ot 2 g A S R LR TR
HA RS AT AHER B T, Horh iRy 5 A BEbkxT
JIELER (TR 52 7 A 58 o 8 2o E A UL 5 i 3 A X LR
PRHEA T AASIMIBER it 52 1 i , R S0 o R AE T
YR 5T ELABER Y B — 2 B A AR P9 A7 7
it AE AR 36 P A B . bR T IR 0 A
BEER 3 DL EM(QM-27, KM-14 |
NM-14), X BT W EGHA T H A aT DUR (R
3), Hk QM-27. NM-14 J& T Enterococcus

#3 ZHRIABREAEARBRKEDIFERLY

durans, 7€ 0 h B QM-27, NM-14 fEA A
FIRRER e BE 51 F, SRR AR L3 A (e
PE 22 55(P<0.05)

FFk QM-27. NM-14 7£ 4 h W37 4= IH
HWEE 1%, 0.3% MM PIEREUR S, JUH
JEFE QM-27 WONTHARER , TEABERVREE N 1%
P AbPE 8 h LLJS A3 s A4k 223 i, 10 8 h B B
Pk NM-14 JF4R Z 30

E Ak KM-14 J& T Lactobacillus gallinarum,
£ 4 h B ERE KM-14 Rz RRER R e, RER
WEE 1% 6 B8R =5 . 7E 8 h BRIk A FF iR 52
RHER MR B, B 0 (A T 2 RE T o

Table 3  Viable count of three strains of lactic acid bacteria in different bile salt concentrations

Group e Bk 5 Strain No.
Survival time QM-27 KM-14 NM-14

Xt B T R %(0 h) 1.06+0.017b 1.70+£0.081b 1.36+0.015¢

Control group Viable count (0 h)
IEHE(4 h) 2.58+0.020a 1.77+0.037b 2.48+0.015ac
Viable count (4 h)
T A8 h) 3.25+0.010a 3.04+0.020a 3.28+0.015a
Viable count (8 h)

0.3% TG40 h) 1.03+0.026bc 1.86+0.052a 1.03+0.010d
Viable count (0 h)
TEHE(4 h) 1.42+0.010d 1.2240.020d 1.97+0.015b
Viable count (4 h)
TEHE(8 h) 1.944+0.010c 2.16+0.020b 2.53+0.010b
Viable count (8 h)

0.5% TH 40 h) 1.62+0.010a 1.26+0.010c 1.99:0.020b
Viable count (0 h)
IHHE(4 h) 1.54+0.010¢ 1.30+0.020c 1.97+0.015ac
Viable count (4 h)
TEHE(8 h) 1.33+0.010d 1.36+0.010d 1.844+0.010c
Viable count (8 h)

1.0% TG40 h) 1.02+0.010bc 0.83+0.015d 2.04+0.015a
Viable count (0 h)
IH A4 h) 1.97+0.015b 2.08+0.045a 1.86+0.015d
Viable count (4 h)
TEHE(8 h) 2.01+0.026b 2.10+0.020c 1.75+0.010d

Viable count (8 h)

[l —A PR [ FEERORTEGE T2 b BAT B 25 5 (P<0.05) (FLER T AR AR 1 B A% 75 TR %K 10" CFU/mL)

Different letters in the same row indicate statistically significant difference (P<0.05) (number of viable lactic acid bacteria with

bile salt tolerance is 10’ CFU/mL).
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24 AL BHREEINIRLE
it B AT 1 R A o AE TR A AR AR
RNJEREE, 5 — Y — R B — Bt i)
MAFIG R . B AR U Il T T A
ADVRYEER . AP B ELH SRS &
IR, OAEREZES, —RIEN N B pH {4
TUITE 1.5-4.5 Z 00, Y7 B s 3h 2247,
Pepsin 7E A N ERAL F BRME PR 5% H B0
M ASEHEAE N AT Wi %2
PELE R 4), 41 BRILBR A TE B BI85
st AR, (HREATRAE KR EA R A,

140.00 |
12000
100.00
80.00 :
60.00 | Kl
s0.00 J| 1l F K
20.00
0.00

Survival rate (%

B4 EHREAILBBRBEKREBER

N

WINY .
N R T R R TR

16 0 h N B A HRRTE pH 1.5 B R ZETE R
72.96%. Ki3% 2 h LU A BTG RN
63.41%, H:# QM-2, QM-27, UM-12, UM-18,
NM-14 Gk 2 h J5 42 2T 90%.

AR A T T 7 4 8 %) TR R A TR 4
PAe, S5 0ER 40 LRIFRE, SAENTHHR
SPF T AREE 0 h AT 2 h Y BRAREA T AR R AT
B, BRERTEFR—BEEMNQ h), QM-27 5
XTRCAAH FE, 2 AR T TR AR W T A T Ak
(P<0.05), BBl QM-27 S A T B i HA
AN 2R

m0hO2h

LS AT TN I AR T AT BN PR A TP 2N SN

Strains

Figure 4 Growth of strains in artificial gastric juice environment.

x4 IRABREEAIBRKREPRIERELY

Table 4 Viable count of five lactic acid bacteria in artificial gastric juice

TR G 5 X HEZH AT B
Strain No. Control group Artificial gastric juice
TE L0 h) ERAL(2 h) & A0 h) B A2 h)
Viable count (0 h) Viable count (2 h) Viable count (0 h) Viable count (2 h)
QM-2 2.68+0.025a 2.87+0.015a 2.56+0.015b 2.81+0.020b
QM-27 3.45+0.030a 3.07+£0.041a 3.02+0.015b 3.04+0.020a
UM-12 3.15+0.030a 3.16+£0.010a 3.03+0.020b 3.11£0.011b
UM-18 3.01+£0.010a 3.05+£0.010a 2.97+0.015b 2.98+0.010b
NM-14 3.01+£0.037a 3.2540.010a 2.97+0.010b 3.04+0.020b

[l —FAS ) T BE R ORTEGE T BAT 1325 5(P<0.05) (FLER T 5V R R 16 R 4K 10° CFU/mL)

Different letters in the same column indicate statistically significant differences (P<0.05) (number of live lactic acid bacteria

resistant to gastric juice is 10° CFU/mL).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2056

E

4

FIER

Microbiol. China

2.5 AILB&ERINNRER

Ak 35 A T B 482 B T A AN IR T 4 ad
T AL 5 32 A AR B Ik B AT B A HE s O HL
RHEAER, UL R A B ik — 2 b i A 1 1 I
AN G 3B 1L R T T 32 B8 T A TR Y o
# N TR 41 BRALBRE , AR TE
AL B4 i TR B B8 v 2 B R A i 37 B T . i
RWE S, NTERIMBE 5543 4 h
A8 h B 114 T A L IR B TR A 1) 1 X A7 0 R AR AR
BRI 67.02%. 69.79%, kBRI
R R W =z, b b3 8 h 5
QM-2, QM-20, KM-1, KM-12, NM-12 ##k

FE16 3L 100%. QM-25, QM-27, UM-18,
KM-14, AM-8 T HRAF1E 1L 90%-98% [l
X SRR PR HAT AR A I i WRE ) o AR o3 1A
PRAFE TG R AE 34%-50% 2 8], 136 W g YR ifif 22 2k
— o ARTIEIRFRYIIL 10 DR
W ARG 2 B L gallinarum
QM-2., QM-25, KM-12, KM-14, L. paracasei
QM-20, NM-12, L. brevis KM-1, L. rhanmosus
AM-8, E. durans QM-27, E. faecium UM-18,
BRI R T 90%.

HiZ 5 lJ1, N TRt 4 h )5, Witk
QM-2, KM-1, KM-12 7 B0 & 5l B2

£ 140 a0 hod has h
o N T I o e A R N R KRR R
g ..
Strains
5 EMEAIBBIEKER
Figure 5 Growth of bacteria in artificial intestinal fluid environment.
x5 THIMBEALRGGREDRERLN
Table 5 Viable count of ten lactic acid bacteria in artificial intestinal fluid
Wk X IRg N Tl
Strain No.  Control group Artificial intestinal fluid
T 40 h) T %(4 h) (8 h) T %0 h) T4 h) T A %L(8 h)
Viable count (0 h) Viable count (4 h) Viable count (8 h)  Viable count (0 h) Viable count (4 h) Viable count (8 h)
QM-2 2.68+0.035a 2.86+0.015b 3.36+0.040b 2.61+0.070a 3.06+0.020a 3.67+0.016a
QM-20 2.33+0.020a 3.5340.030a 3.04+0.020b 1.35+0.025b 2.89+0.030b 3.33+0.011a
QM-25 2.74+0.010a 2.46+0.015a 3.08+0.030a 1.82+0.025b 1.92+0.025b 2.83+0.011b
QM-27 2.85+0.010b 2.87+0.010a 3.05+£0.010a 3.09+0.010a 2.87+£0.010a 2.76+0.020b
UM-18 3.02+0.015a 2.95+0.010a 3.03+£0.026a 2.99+0.015a 2.54+0.010b 2.74+0.005b
KM-1 2.63+0.030b 2.88+0.030b 3.38+0.026b 2.84+0.020a 3.30+0.015a 3.67+0.016a
KM-12 3.24+0.020a 3.52+0.035b 3.67+0.020b 3.21+0.030a 3.84+0.040a 3.92+0.016a
KM-14 2.83+0.030a 2.88+0.032a 3.05+0.026a 1.974+0.030b 2.21+0.020b 2.89+0.011b
AM-8 2.67+0.020a 3.02+0.025a 3.54+0.037a 1.76+0.040b 2.05+0.030b 3.49+0.011a
NM-12 2.85+0.010b 2.96+0.020a 3.55+0.041a 3.14+0.025a 2.88+0.020b 3.58+0.026a

[\ —FN A 6] F B FRTE G 2 BT B35 25 5 (P<0.05) (FLER TR T R AR T B % 108 CFU/mL)

Different letters in the same column indicate statistically significant differences (P<0.05) (live count of lactic acid bacteria

resistant to artificial intestinal fluid is 10® CFU/mL).
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T o HA I B RRTS B A W B2 H A
Bk (P<0.05). ATkt ?E 8 h J5 QM-2,
QM-20. KM-1, KM-12 B#EIE %5 % B 2H 1
BB T R (P<0.05), T HAR AR AT B4
Xof BE 2 H s i 2 FRAR (P<0.05) . TEIIX 4 bk
X N T i sz
2.6 FEEIEFHEMNRER

PR IE , FLER B A= e — R ]
DA ) 00 B 38 B AR S IR 56 UE 13X
41 PRFLER A AP RCR o 16 A0 B o S

Bacteriostatic
diameter (mm)

Bl 6 FLEKE EHRxE == AIHIHBE
Figure 6

o R FTiF

B P BV B, B4 B ) A BR A
(Staphylococcus aureus)F K ¥ # (Escherichia
coli) , LA J K B TR B 25 98 FF 7 (Bacillus
subtilis) . FLIR X B0 0 E RS R AN 6 fir
N, FLER A AR ) i AR i T e
TR, AR 2 0 B AR AR KRR D
55, AR, IR g R o, 41 #REL
FRIENS 3 A 7R A B pO RV E AT, JCHE:
XA ST T I R RCR B o FLBR R K IR
XoF 2 O BT e — PR S0 i A R RCR DR 7
o5 B A A BR AT o Al 2R AL

Strains

Inhibition ability of lactic acid bacteria to indicator bacteria.

B 7 ABMBEABEXETEONESR A FLRERBEBOS KIBAFE M EZCR. B: FLIRR K5
PO R G 25 AT TR AT R CR . C: LR BRI A I 00T b o €00 3 280 TR 1 P 0 E 200 2R
Figure 7 Bacteriostatic effect of lactic acid bacteria fermentation broth Indicator bacteria. A: Antibacterial

effect of lactic acid bacteria fermentation broth on Escherichia coli. B: Antibacterial effect of lactic acid
bacteria fermentation liquid on Bacillus subtilis. C: Antibacterial effect of lactic acid bacteria fermentation

broth on Staphylococcus aureus.
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41 BRFLIR TR KT B 40 i e A 34 ok
14.80 mm, X 4 ¥ (0 % 3K 1 140 7 P LA
P13k 16.87 mm, XA R ZE AT TR A9 10 T R AR
SR 16.93 mm, 359K BHAE X6 BE L R e Bk T
& (nisin) I MEE . Hd QM-1. QM-8,
QM-17. QM-20. QM-22. QM-25. QM-27.
QM-30, UM-18, KM-7, AM-3, AM-6, AM-7 .,
AM-9, AM-10, AM-11, NM-1, NM-3, NM-8,
NM-11, NM-14 3X 21 /> FE X 48 7 B 14 390 B
B XITE 15 mm DL (3 6), #BHA HR A A
T

LI AV Jsrt TR 1 410 ) 4 P2 PE A Sl e

6 21 A BREMFARRBIKE RS 3 M REH

e A ER BB E 2 — o LFLRR 55 BR 6 & (nisin)
XoF B0 TR A ) e B A bR o, X 21 BR B A
HlVE AT M HU B, 45 R R BE 41 AR FLIR T X
2 BRSO B AR B0R WA TRIE A . s i sl
RWFE 6, WHATLIER], Fra B B0RE
B 3V FH 24 42 25 5 T X B 2 (nisin) (P<0.05).
NM-8 B kXS KW HF 18 (E. coli) B 30 I 4E 1 4
o, R BB S T R A AR AR B . SR
HAIE, QM-30, AM-3 B HRXT 4 B (0,75 % BR 1A
(S. aureus) )M HIVE M ok, QM-30. AM-3
MR SO ARG B ZE AT IR (B, subtilis) 3
VE i feit

B RE 3T LE

Table 6 Comparison of antimicrobial activity of 21 strains of lactic acid bacteria and nisin against three

indicator bacteria (mm)

HPRGIS X2 (nisin) S
Strain No. Control group Experience group
KIGFFE G O A R RERZERIFF I RIGAT B G O R PR R R ZFAUFF I

Escherichia coli

Staphylococcus aureus Bacillus subtilis

Escherichia coli Staphylococcus aureus Bacillus subtilis

QM-1 10.67+ 0.577b 16.00+0.000a
QM-8 11.33+£0.577b 16.33+0.577b
QM-17 10.50+0.500b 15.33+0.577b
QM-20 11.67+0.577b 14.67+£0.577b
QM-22 11.33+£0.577b 16.00+£0.000b
QM-25 12.67+ 1.154b 14.00+0.000b
QM-27 11.00£1.000b 15.33+0.577b
QM-30 12.00+1.000b 16.33+0.577b
UM-18 12.17+0.288b 14.00+0.100b
KM-7 9.00£1.000b 12.67+1.528b
AM-3 7.83+0.763b 16.33£1.155b
AM-6 8.00+1.000b 17.67+£0.577a
AM-7 11.33£0.577b 17.67+£0.577a
AM-9 12.00£2.000b 15.33+0.577b
AM-10 10.67+1.527a 13.67+5.773a
AM-11 12.67+1.154b 15.00+0.000b
NM-1 10.33+1.527b 16.33+0.577b
NM-3 10.00£1.000b 15.67+0.577b
NM-8 10.67+0.577b 17.67+0.577b
NM-11 10.00£1.000b 14.67+0.577b
NM-14 11.33+0.577b 15.00£1.000a

12.17+ 0.289b
10.83+0.764b
13.17+£0.289b
14.50£1.323b
11.33+1.257b
10.00£1.000b
11.33+2.082b
13.00+1.000b
14.00+1.000b
11.67£1.527b
12.50+0.500b
14.67+0.577b
13.17+0.289b
11.67+2.082b
12.50+0.500b
11.83+1.040b
13.50+0.500b
14.00+0.000b
15.33+£0.577b
14.00+1.000b
12.67+0.577b

15.00£1.000a
15.00+0.000a
16.67+£0.577a
17.00+£0.000a
16.00+£0.000a
15.33+£0.577a
15.00+0.000a
16.00+0.000a
15.33+£0.577a
15.00+0.000a
17.67+£0.577a
17.67+£0.577a
17.33£1.527a
15.33+0.577a
15.33+£0.577a
15.67+£0.577a
16.00+0.000a
16.00£1.040a
18.00+0.000a
15.67+£0.577a
15.67+£0.577a

15.00£1.000a
17.17+£0.289a
18.17+0.288a
16.50+£0.500a
17.17+£0.289a
17.17+0.288a
16.17+£0.288a
20.50+0.500a
16.33+0.577a
17.17+0.289a
20.50+0.500a
17.33+1.527a
18.00+1.000a
17.67+0.577a
17.33+0.577a
18.50+0.500a
17.83+0.763a
17.83+0.000a
20.00+1.000a
18.33+0.577a
16.33+£0.577a

15.00£1.000a
16.67+£0.577a
18.00+0.000a
16.33+£0.577a
17.00+0.000a
17.00+0.000a
15.33+0.577a
20.33+0.577a
17.33+0.577a
17.17+0.289a
20.33+0.577a
18.50+0.500a
18.50+0.500a
17.33+0.500a
18.67+£0.577a
17.33+0.577a
18.50+0.500a
18.33+1.155a
19.00+1.000a
18.33+0.577a
17.67+0.577a

[l — B ) P BERORTE ST T B A B35 22 5:(P<0.05)

Different letters in the same column indicate statistically significant differences (P<0.05).
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3 WwE5&#

g B TR LA AR 9 7 Rk A ShiE AR E Y
DAL b 26 20 CRAIE i 248 P %) T Ak B FIRBT I pHL (B
MIRE I A e SO FEAE T o FLIR R 18 i DL
P NIRRT , B FHZLRR A5 AT LA iz 3 P B
B, WA ER S, M mE R 2
MR AL R R SR A I R B A A et e
B InB BB, BIRmIEEN. . VER AW
HHMER, FLRE B A ZLR, 7]
N AR pH (EIREE, —CERREfE ALK pH
BT o AT A BN [R] pH IR, X baE
WIS B A E R 41 RRFLBR A VAT T R
5, 45 R R, 41 BRILER A 6 PRILIR A (QM-5 .
QM-27. UM-12, UM-18, NM-11., NM-14)}36E
1E pH {H43 50 2.0, 2.5, 3.0, 3.5, 4.0 Bf4K
B, 7E pH {EA 2.0 MIREE T ki — e Rk
A, WHRAEE R RT 90%. PRI 2L
PR AR SR T R B M - B AT 2L RIE T R s o TR bk
i PR E 1 FIAIF 5T, (HLIX U A 5 T 3 B T 3 2%
1 FEAETE pH 2.0 X LI E, X F R #RAE pH 2.0
DLUF T RRRE T I BIFGE AR D . fEC A MfkiE T,
T 2 B T 5 58 1) 25 2 TR A s B S DR P 52t 4%
SRR Wy oy e th i B FLAT IS 217-3, XA TE
pH 1.5 IR T E 4 h G IFEIE RN 72%, 1}
MR FAWFFE h R QM-5. QM-27. NM-11 {EAH
[ S A PF T IAATE R 28 B ATAL, TR QM-5.
QM-27, NM-11 HA W SMMEREE )1, 7T LIME
R HA P TE £ A R (R T 2 TR PR = ' TRTAR I o
FH 5 1 18 IR Sh 52 55 DL S AR it 52 P 5
BRI, 41 PRILIR A AIAE B I AL R B
0.3%. 0.5%. 1.0%VKEMAHEEIAE AR, N
SLIREER AT UEH, X 41 PRFLERE X & 5>
0.3%. 0.5%. 1.0%PRRER WA A R AR B 1
i 521 o Bt E R v BE A v, LR TR A 52 1k

WAEHFEIL, HA R QM-27. KM-14, NM-14
XF0.3%. 0.5%. 1.0%iX 3 A7 b 1t
ZAE, AR KT 50%. L L5t 37 s
5. B mEs sy | JRER 2 s, FRATT)
A& i ¥k QM-27 (Enterococcus) . KM-14
(Lactobacillus), NM-14 (Enterococcus)iX 3 BRI
B TR o S 30 245 SR B A 0 s e A ) L34 AT
PREA R AR | i AHERBE T, T LA 52 1 A
355, ORI 2 35 g 1 JFAE — i R BE I 2 BEOR R 4 4
AR

b g O S X FLAT I CICC 6238
L NAGRE K o3 15 HH A RE IR FLATF 18 NCEM. Al
FABEFLAF R HNOO #h47 B i il st e, i
BAETERIHNLIH 61.5% . 79.4% . 77.4%. XFH
RITER NL8 1 NL56 X B AR B I i i
SEAETJI H NL8 fii 32 RE ) Bk o 3X 5 AWFFE I
RER -, = AN 4 HoREFARK
VEE DA Tl it A L TR T A 7R IS JIE A E e
SE, G RRIIER RIS 2 15>50%, HPR ik
M12 Fll M23 £ pH 3.0 i) N TALHLE WAL EE 2 h
JG, AR HIN 68.66%H1 56.72%, £ N T4
AL TE 10 h ST ATAAE 33X 2 BRIE HATEL
5 A K IR BE T, 24 h NI E AT EEK
W, M N TERZR AR 10 h, 36 HEW & T
10* CFU/mL, XF A TR E i s th iy
BRI 52 o DA ISK B4 T8 T 25 B A WF 5 S B 45 R ml
DUE i, FLRR R XHIC pH (. SRS A R
T TR 52V, 33k 28 R 18 19 25 2R AR SE 3 B BIFE
g5 R — B, BLMIAHE SR TR R B QM-27
(Enterococcus durans) . KM-14 (Lactobacillus
gallinarum), NM-14 (Enterococcus durans)iX 3
R TR BE A% Tt 52 568 9 R e JIE R 25 Bk 38 PR, RRAETE
MNENIE R ER . SRTT LA E 25 R RS S5 fir
13, B LI UEX B SLIR AR, T
PEAT /N A T R, X IR AT — 2k

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2060 WAEY

FiE Rk

Microbiol. China

FrBsE

AWESE LK A TURR AL S8 4% 48 & e L) ot A
Wi R > B 41 BRELIR OB SRt T
e T R E Ye SR o R O SR S o 7N ]
PR S LA N AU P PR IE 25T A9 A ROIR
A&, RIS T IS A R AR
WFFEARAT T TR R AL LS AR B I 18 PR35 0 1 A
FRRBUEHE , Bk tH HAT R A 32 1k “a@z&
N o TE PRI A s B DL R, I LS T
BETR R A5 ﬁﬁ#ﬁﬁﬁﬁﬁﬁﬁﬁz%ﬁ%
LR TR 7 & TR L ™Ml mP B9 P S A3 1 B9
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