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Abstract: [Background] Lactic acid bacteria, which are widely used in many industries such as food and
feed, have become research hotspots for making biological preservatives. [Objective] The antibacterial
substance of Lactobacillus plantarum DY6, with the excellent antibacterial effect, was preliminarily
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explored, which would provide a reference for further application. [Methods] The physicochemical
properties of the antibacterial substances in the fermentation broth of Lactobacillus plantarum were studied.
The GC-MS metabolomics method was used to analyze the metabolites in the fermentation supernatant,
while the main inhibitory substances were speculated by multivariate statistical analysis and initially
separated by semi-preparation HPLC for further identification by GC-MS. [Results] Lactobacillus
plantarum DY 6 had strong inhibitory effect on Staphylococcus aureus, Escherichia coli and Salmonella. The
antibacterial ability of fermentation supernatant with different fermentation time was tested. The supernatant
of 0—4 h had no antibacterial activity, and the antibacterial ability was gradually increased after 8 h. The
antibacterial activity of fermentation supernatant tended to be stable from 24 h to 48 h and was the best at
48 h. The antibacterial diameter was 15.28 mm. The differential markers of lactic acid bacteria fermentation
broth were analyzed by multivariate statistical analysis. The main differences were found to be organic acids
(such as lactic acid, acetic acid, propionic acid, etc.) and fatty acids (such as caprylic acid and citric acid).
Antibacterial components of fermentation supernatant were obtained via semi-preparation HPLC, mainly
including: organic acids (such as lactic acid, acetic acid, 3-phenyl lactic acid, phenylpropionic acid, etc.),
fatty acids (such as citric acid, octanoic acid, citric acid, etc.), in addition to a small amount of aldehydes and
alcohols. [Conclusion] It was determined that the antibacterial substances of Lactobacillus plantarum DY6
were mainly organic acids and fatty acids, which provided a theoretical basis for further antiseptic
applications.

Keywords: Lactobacillus plantarum, Separation, Antibacterial activity, GC-MS, Organic acid, Fatty acid
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Figure 1 Comparison of the growth curve of different
lactic acid bacteria
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Table 1 Inhibitory diameter of indicator bacteria (mm)
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i, BRIt g% EF, 3E5 0,40
BEXIH; R 24 h 5 E A, #
ThE, MEBRERARE.

Ere KIFF VT S A RIR T
Strain number Escherichia coli Salmonella Staphylococcus aureus
Lactobacillus plantarum DY 1 12.89+0.21 15.93+0.22 15.70+0.41
Lactobacillus casei DY?2 10.25+0.23 10.72+0.37 12.10+0.29
Lactobacillus rhamnose DY3 13.43+0.39 11.57+0.26 13.83+0.35
Lactobacillus rhamnose DY4 13.22+0.14 12.20+0.30 13.55+0.38
Pediococcus acidilactici DY 5 12.81+0.22 11.60+0.34 13.77+0.22
Lactobacillus plantarum DY 6 15.324+0.28 13.18+0.19 16.08+0.31

T RPN AR 3 R 9P fE.

Note: The bacteriostatic diameter data listed in the table is the average of three repeats.
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Table 2 Content of organic acid in different fermentation time (mg/mL)

R 1] FLIR TR MR Frigme 3-RAEFL R A-FRHERIEF TR
Time (h) Lactic acid Acetic acid Propionic acid Citric acid 3-Phenyllactic acid 4-Hydroxyphenyl lactic acid
0 0 0 0 0 0 0
4 0 0.60+0.01 0 0 0 0
8 1.13+0.02 3.97+0.12 0.12+0.02 0.20+0.01 0.07+0.01 0
12 8.98+0.36 10.34+0.49 0.7740.05 0.58+0.06 0.16+0.02 0.03+0.00
16 13.33+0.55 11.68+0.57 0.96+0.21 0.70+0.10 0.21+0.01 0.07+0.00
24 17.64+0.61 11.90+0.68 1.13+0.34 0.7840.12 0.34+0.05 0.12+0.01
36 22.68+0.86 13.94+0.79 1.34+0.32 0.84+0.11 0.31+0.05 0.14+0.01
48 19.78+0.96 13.37+0.72 1.244£0.25 0.7540.08 0.35+0.04 0.17+0.02
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Figure 3 GC-MS spectrum PCA scores plots of fermentation supernatant
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Note: A:Ohand 8 h; B: 8 hand 16 h; C: 16 h and 24 h.
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Figure 6 VIP diagram based on OPLS-DA analysis of samples with different fermentation time
Note: A:Ohand 8 h; B: 8 hand 16 h; C: 16 h and 24 h.

#=3 EHTF 0hF18h AEBEHMNESKEY F4 HTF 8hFl16 h AEHEEIE SR E

Table 3 Differential metabolites based on 0 h and 8 h Table 4 Differential metabolites based on 8 h and 16 h
fermented samples fermented samples

Number VIP Name

Number VIP Name
B A el feivasd A 529 LA Lactic acid
A 2.93 LR Lactic acid B 454 > st il
K 24 PR Palmitic acid o )
8 B d1 3.05 MR Octoic acid
2.47 2% Tannic acid
? Q 2.02 41K Tannic acid
d1 2.05 S Octoic acid
C 1.60 AR Propionic acid
yl 2.03 2K HI % Benzaldehyde
L ) K 1.43 FRAEPR Palmitic acid
H 1.95 i figHR Stearic acid
I 1.32 TBR Butyric acid
J 1.66 9-1 )\ R 9-Octadecenoic acid tyr
e e
S 127 W Tnosine F 1.22 Fri5R Citric acid
L 1.25 D-B B[ H7 {14 D-araabin arabinose 11 1.19 ZABHR Acetoin
Z1 119 2,5-FJE0EEE 2,5-Dimethylpyrazine ml 117 3-HIJE T 3-Methyl butyral
yy 1.09 - Furfural X 1.14  D-BEM§EZUWHT D-furan galactoside
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Table 5 Differential metabolites based on 16 h and 24 h
fermented samples

Number VIP Name
A 6.52  FLBR Lactic acid
Q 2.22 %4 Tannic acid
z1 2.04  2,5-—HIFEMEEE 2,5-Dimethylpyrazine
d1 2.00 =2FF& Octoic acid
B 1.64 PR Acetic acid
x1 1.38  2,3-7 —[il 2,3-Butanedione
uu 137  —HHIEHEE Dimethylbenzaldehyde
C 1.37 NI Propionic acid
jl 130 K[ Phenylethanol
Vv 120  T'75%t Hexadecane
il 113 &I Acetoin
G 1.12  3-ZKBEFLMR 3-Phenyllactic acid
vl 112 2,4-25RCT 2288 2,4-Ditertbutyl phenol
yl 1.08  ZKHI# Benzaldehyde
ml 1.07  3-FJE T 3-Methyl butyral
k1 1.04  3-ZJfMR 3-Decenoic acid

3.5 HIEIRIBICERYE
351 REMIEMRAE N

W 6 ATLIKIE, MEYIEAE 100 °C ZbFHE
30 min A PIETEME, HZETE 121 °C 4P 30 min
WIS A R, RN A B i Hk

R6 AELREXNEE R0
Table 6 Effects of different temperature on antibacterial
activity

HATE PRI P2
Temperature (°C) Inhibition zone (mm)
-20 14.5740.15
4 14.41+0.23
30 15.00+0.22
60 13.68+0.59
80 13.194+0.45
100 11.91£0.21
121 =

Note: —: No antibacterial activity.

352 pH XHIEYIRAYEND

2% 7 A LIS, IR TE pH oA 2.0-4.0 B
ABIFRIN T, 2 pH>5.0 WP EEE 58 4
&, FWINTHY AR TEIREE T B S 4 2R 10
ARCR .
3.5.3  ERALIEXTHIE 49 R AY S 00

3R 8 FTLAE Y, K IS4 R 1 |
HEAER . BEAM. SO K AHE, MR
AN, UL P B X S I AR, H
HEBR T H,0, T3k
3.6 BHERINEEEHMRER

FLER TR A W bR rh A e P it A PR |
AR BRI FIRZE Y S, M = AR

%7 7FE pH MHEF 4RI IE
Table 7 Effects of different pH on antibacterial activity

oH e HAE
Inhibition zone (mm)

2.0 15.43+0.31

3.0 14.61+0.40

4.0 14.20+0.38

5.0 8.60+0.12

6.0 -

7.0 -

8.0 -

e - JTCMETEE

Note: —: No antibacterial activity.

8 BEAIENHNEE AR

Table 8 [Effects of enzyme treatment on antibacterial

activity
[IEZHES W B
Types of enzymes Inhibition zone (mm)

Xif H& Control 14.10+0.21
JHREE 1 Trypsin 13.8240.26
5 5 1% Pepsin 13.71+0.38
7 17 K Proteinase K 13.90+0.50
AL S Catalase 13.87+0.32

T W AR 22 WAk PR R T L3
Note: The control is a fermentation supernatant without treatment
by enzymes.
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T 0 R ) A LR TR R TEC T A ] R B2 R BL IR
FAAPRRIE AW, HBMTEM: . 2550103k 9 PR,
ATDEMILR ., LR RER, mim kKT HAA
LR B & i, XA A ARG BB s 1, HAR
AR T 5 &8, BAHEMIMEER. 55,
RGBS TR/ T A e E AN G E, 4
bR T XS5 HUA HLER SMA A A AR 2] T B
A1
3.7 HEMRBSE
3.71 ARBHBFIZERRR L

XA [R5 7 A6 & I b 3 A 4 4 g
ITHAEARNER 10 PR, CRROER. IEC ke, —
ARG ZE PRI TR R,

*9 ANBRIENR
Table 9 Antibacterial activity of organic acid
R REER

I TR AR R I E IS, BB DI AN IS
BAENFERGA 5 i 5 e A — G P e i AR BURE
FERAIM MR IEVE, WAESMEANZERG; Ed
BEM IR LR BOREEA MR RCR . & 10 ATLL
Fh OTR TR FEBORAT BB MR RCR R s I
LR ERYEMAERGA
372 HIEYIRMEFIESE

T A 1 A R RO AH R X ke B I AT
S, IEEIILE 7, o 11 S, b4
T BAMEIETEGE 1), NFE 11, 12 /] IFH,
551 BRI AR 14.23 mm, Hrp EE SN
LM . SR 55 S WA EAAN 1118 mm, &
FUR— SRR AN S AR /N IR, S ANAA —BE
BESFINLRY T 265 7 H4r 09 H AR A 12.95 mm,

F10 FEANBTMEZERRAEEER, mm)

HHLER Content  Inhibiti Table 10 Extraction effects of different organic solvents
Organic acid onten naubition (Inhibition zone, mm)
(mg/mL)  zone (mm) LA R Ak

LR Lactic acid 20.10£0.57  12.8+0.48 i AL v
7.8 Acetic acid S T35 Organic reagent Extraction phase Raffinate phase

; Acetic aci . . . !

. 1E 24 Hexane 8.7120.10 14.50+£0.64
NER Propionic acid 1.56+£0.16  8.33+0.12 L
FHBERR Citric acid BT B LR £ T Ethyl acetate 13.76+0.63 10.33+0.37
3-JEHFLMR 3-Phenyllactic acid 0.16£0.04 _ —# H ki Dichloromethane 0 14.27+0.58
1A% Mixed acid 34.76:049 14.18£0.11 “AAHbE Trichloromethane 0 14.37+0.56
K I P15 Fermentation supernatant 14.85+0.14 AR Acetone — =

Note: —: No antibacterial activity.

2.00 ¢

1.50 N

AU

1.00 N '
0.50 |

0.00 bz

Note: —: Unable to extract.

T,

0.00 5.00 10.00 15.00

7 KRELEFERYHERBEEE

20.00 25.00 30.00 35.00 40.00
¢ (min)

Figure 7 Semi-preparation liquid chromatography of fermented supernatant
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F11 AEEBBSIEBRR
Table 11 Antibacterial activity of different parts

i F

Iy BBy
Separate part

I
tems ] B 3 4 5

6 7 8 9 10 11

Ay BS T [E] 4.0-6.6 6.7-8.0 8.0-9.0 9.0-10.0 10.0-11.0
Separation time

(min)

MO i - - - +
Antibacterial
activity
MEEZ
Inhibition zone
(mm)

14.23+0.44 - - -

11.18+0.25

11.0-12.0 12.0-14.0 14.0-15.0 15.0-16.0 16.0-18.0 18.0—20.0

- 12.95+0.36 - - 11.53+0.42 -

T~ JCMVBERETE; +0 ARG TE; IS M IS .

Note: —: No antibacterial activity; + : Antibacterial activity; The more the addition, the stronger the antibacterial activity.

*12 MEHNDEELER

Table 12 Identification results of antibacterial parts

1 5 7 10
FLIR FmR 3.3 TR
Lactic acid N-Nonoic acid Valeric acid Palmitic acid
Vi 1-C i (ERE] T
Acetic acid 1-Hexanol Palmitic acid Benzaldehyde
R i iR iR HKINIR
Decyl acid Stearic acid Stearic acid Phenylpropionic acid
HERR 2,5- P BN g LR LR
Lauric acid 2,5-Dimethylpyrazine N-nonoic acid N-nonoic acid
AT FR AR KINER
Benzaldehyde Octanoic acid Linoleic acid Phenylalanine
KW NIR RWAY
Phthalic acid Propionic acid Stearic acid
TR 2 =
Phenylpropionic acid Oleic acid Decyl acid
AR i R TR FR
Glycerol monostearate Octanoic acid
8-F AR
8-Methyl decanoic acid
2-FIET R

2-Methylbutyric acid
HHEE

Benzyl alcohol
W

Glutaric acid

FEW A NI R K — e IR TR AT AW 2R
10 I EA N 11.53 mm, FENIENIR
—Le/ N FAPLR,, A oR G AR s, T
IR O 2 OE TR, AR R

PR ANAT HILIR — e A P A 21 1 0 B ROR o i > il
o3 1 B A5 SR ATE DN R P L AT TR A S 0 )
NAHURR RIS IR , 55 S — S8 S Bh A & 1 ]
A
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3.8 BERAERAMELE AN E

HE 8 A LIEH, 7E 16 mmol/L ¥ 4 F FixX
6 FHRLANNR W RS A T 1) A AT L A i
Mo KB EHBNENITRAES R WAL 13, #5R
13 IUAHIIHERE 6 bR RRIAEA TR 45 I 5 D PR 2
J, M EARLAH 10.15 mm, HHE L8 - IERA L
FRFNIRIT R BE A e 4528, 7E MRS K gedkrha)
BN 2 3 RO ] e B2 R T R AN AT AL IR E
FrE AR UL 14, ZIINE AN 14.69 mm,
T PIHEZ—, AT A LRI R A ] 2
SRS THMEEN . SSREE AR TR A
A TRIE R, TR S SusR, A BT RE I 1R
U7 R A0 A AT A A A DA 917 S 790 45 i 38 £
TR AU

1207 w16 mmol/L.
100 1

80

60

Inhibition rate (%)

401

20

Oleic Palmitic
acid acid acid acid acid acid

Fatty acid species

0 - - -
Octanoic Decyl N-nonoic Lauric

8 MEMERX KA EHIIEIER
Figure 8 Antibacterial activity of fatty acids on
Escherichia coli

R 13 AEERPREMERRE

Table 13 Fatty acid concentration in fermentation broth

REIDTR G
Fatty acid Content (mmol/L)
1R Octoic acid 10.27+0.38
2412 Decyl acid 7.4440.44
T-fi% N-nonoic acid 1.63£0.12
JIHEMR Lauric acid 0.10+0.00
1R Oleic acid 0.40+0.01

FEHEER Palmitic acid 0.53+0.10

R14 REBRTRSBROMNERR

Table 14 Antibacterial activity of mixed acid in
fermentation broth
YR M EZ
Antibacterial substance Inhibition zone (mm)
1RAA PR Mixed organic acid 14.18+0.11
A NG WilE Mixed fatty acid 10.15+0.23
Ll EWE R4S Above both the mix 14.69+0.15

4 WRESR

ASHIFTERE AN RV it A D) 2L R B 24 7 40 7 i
JIHILEES, MRk T — ARk RO R AAE )
FUFFIE DY6, HAMGEGE, RS R . 5
EREERE . W TRESE; EFTTEHA R A B 6]
P8 0 TR R 3 72 A s S BRI TRSOR 5 T A A
AT IERI OGN, i GC-MS AR i obT &
1 SR AL A, e B S A Gl
WAHFLR . L8R, WIRSF/Nr TIRMIZIR . FIR
TRRAENRITR, T35 K I L3 AN = Y st A 70
AOYE, R TAMREEIER 4 RS, SEE A
07> T BN RPN/ TR AR IR, 15
THYIFUAT R DY6 A 3 2 B4 A A HLRR AR D5
Mo XA LRSI R AN G EEAT TIE, &
BUE—EWE PENFLR . LR, FIR. ZEMREENT
TER ARG BOIITRASCR , HUER] 1 LR T A4 T4
TR 2R R & E AR, ORI AEIR %)
MZEIRREAHE . A PRI LR Z R 2 HE, 5 I
1A i e 5 20 L 1 s 22 5 00 45 5 IR T
B EE, IR, o N pH
SN EOR T A Sk B0 H AYSE . TR iR
UNARERR . IR . ERRIR CBEA BN I SR EAT 7
RGP EEAE Y, BT RR AL B A
I AN AT A E TR S, SR
(1935 Bk M BT T, S 1o 5 0 20 R P
STk B EOR R B4 K 5F . FLRRITE A B
Rt 27 A R HAdAT I A F G, ¢
At 25 0 LR T AR R T4 BT L 32 S
PIERR T FURRIME A A 128 R , Yi %P L

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



2270

(DGXYESE

Microbiol. China

PRI 3] T HAMEEHNAE R . SERE
HR BT 7T 0 b e A0 T R TR — 2 AT LR

P 25 s A M T B
T AS A 9 4 (48 7 0 32 VS A 400 B A 4 1) 3 AT LA
ARE X FEOL . B BEAITSY AR TR fE A
Yo i 5% b, ARl X5 7R TR 2 T
YEFR T35 — L B60E, 2018 4F Piewngam 2507
R IR ZFE AT TR 77 A= %) 1 G 2ok 52 i 470 i A4 A
NRGE, THHEFARIBBINEIEN, X 3]
Z e g AR R AR T O AR A T — ANy
AN, Eéﬁﬂ%bﬁﬂ@ﬁﬁxﬁz*‘ AT LU T
YA T ik — 2y AR R R T, RIS 4G
Xﬁi*%!ﬁﬁﬁﬂ@fﬁnﬁ%ﬁﬁ%, THRZR ]

DARE FHACE bt S ) DI 5 575 JE 7 i

REFERENCES

[11 Brooks P. Lactic acid bacteria improve food safety[J]. Song XG,
trans. Pigs and Poultry, 2004, 24(4): 53-54 (in Chinese)
Brooks P. FLEZWIGER 4] KRG, 1% EINE B
58, 2004, 24(4): 53-54

[2] Holzapfel WH, Geisen R, Schillinger U. Biological preservation
of foods with reference to protective cultures, bacteriocins and
food-grade enzymes[J]. International Journal of Food
Microbiology, 1995, 24(3): 343-362

[3] Reis JA, Paula AT, Casarotti SN, et al.
antimicrobial compounds: characteristics and applications[J].
Food Engineering Reviews, 2012, 4(2): 124-140

[4] Ogawa J, Kishino S, Ando A, et al. Production of conjugated fatty
acids by lactic acid bacteria[J]. Journal of Bioscience and
Bioengineering, 2005, 100(4): 355-364

[5] Vahedi SR, Kasra KR, Ghadam P. The inhibitory effect of
bacteriocin produced by Lactobacillus acidophilus ATCC 4356
and Lactobacillus plantarum ATCC 8014 on planktonic cells and

Lactic acid bacteria

biofilms of Serratia marcescens[J]. Turkish Journal of Medical
Sciences, 2016, 46(4): 1188-1196

[6] LiTJ, Li AY, Zhang XF. Advances on antimicrobial mechanisms
of lactic acid bacteria[J]. Microbiology China, 2002, 29(5): 81-85
(in Chinese)
BRI, R, RV FLIREPUA LIS i
2R, 2002, 29(5): 81-85

[7] Fan X, Zhang H, Guo HY, et al. Research progress in antibacterial
function of lactic acid bacteria[J]. China Dairy, 2012(9): 52-54 (in
Chinese)
R, SRR, SR, . FLRWE IR REm o i
EF0lk, 2012(9): 52-54

[8] Stiles ME, Holzapfel WH. Lactic acid bacteria of foods and their
current taxonomy[J]. International Journal of Food Microbiology,

[]. A

D]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

1997, 36(1): 1-29

Ma HH, Lin Y, Lv XR, et al. Screening and inhibition mechanism
of lactic acid bacteria against Aspergillus niger using 96-well
microtiter plates[J]. Science and Technology of Food Industry,
2017, 38(12): 171-175 (in Chinese)

IR, BRI, BRI, 5. 96 FLARILTHBEST R B LRI
KANEHLEBFFE[T]. ﬁuﬁ'z CAb AR, 2017, 38(12): 171-175
Corsetti A, Gobbetti M, Rossi J, et al. Antimould activity of
sourdough lactic acid bacteria: identification of a mixture of
organic acids produced by Lactobacillus sanfrancisco CBI1[J].
Applied Microbiology and Biotechnology, 1998, 50(2): 253-256
Wang HK, Yan YH, Wang JM,
characterization of antifungal compounds produced by Lactobacillus
plantarum IMAU10014[J]. PLoS One, 2012, 7(1): €29452
Bergsson G, Arnfinnsson J, Steingrimsson O, et al. In vitro killing

et al. Production and

of Candida albicans by fatty acids and monoglycerides[J].
Antimicrobial 2001, 45(11):
3209-3212

Guo JH, Brosnan B, Furey A, et al.

Lactobacillus against Microsporum canis, Microsporum gypseum

Agents and Chemotherapy,

Antifungal activity of

and Epidermophyton floccosum[J]. Bioengineered Bugs, 2012,
3(2): 104-113

Zhang X, Yang M, Song F, et al. Antimicrobial activity of selected
fatty acids and their derivatives[J]. Journal of Zhejiang University
(Agriculture & Life Sciences), 2013, 39(2): 155-160 (in Chinese)
kA, B, KK, S IR NRR B AT AL W R I NS L],
TTRZZAM: Aol 5 A MRIAR, 2013, 39(2): 155-160

Zhao M, Huang DX, Zhang XJ, et al. Metabolic engineering of
Escherichia coli for producing adipic acid through the reverse
adipate-degradation pathway[J]. Metabolic Engineering, 2018,
47:254-262

Medeiros PM, Simoneit BRT. Analysis of sugars in environmental
samples by gas chromatography—mass spectrometry[J]. Journal of
Chromatography A, 2007, 1141(2): 271-278
Becerra V, Odermatt J, Nopens M.
classification of glucose-based polysaccharides by applying
Py-GC/MS and SIMCA[J]. Journal of Analytical and Applied
Pyrolysis, 2013, 103: 42-51

Song DF, Hu MY, Gu Q. Purification and characterization of
plantaricin ZJ5, a new bacteriocin produced by Lactobacillus
plantarum ZJ5[J]. PLoS One, 2014, 9(8): ¢105549

Muhialdin BJ, Hassan Z, Sadon SK, et al. Effect of pH and heat
treatment on antifungal activity of Lactobacillus fermentum
Te007, G004
pentosaceus Te010[J]. Innovative Romanian Food Biotechnology,
2011, 8:41-53

Gao P, Han JZ, Lu ZX, et al. Isolation and identification of lactic
acid bacterial strain with broad-spectrum antibacterial activity and

Identification and

Lactobacillus  pentosus and Pediococcus

extraction and purification of bacteriocin produced by it[J]. Food
Science, 2016, 37(11): 160—166 (in Chinese)

s, Ak, BEJRHT, . ISP FLER T 00 43 B K E R
TR LISk ] ﬁuuﬂ%, 2016, 37(11): 160-166

Burianek LL, Yousef AE. Solvent extraction of bacteriocins from
liquid cultures[J]. Letters in Applied Microbiology, 2010, 31(3):
193-197

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



RIS HFLAF A DY 6 E 2 RS 73 B e 2271

[22] Xiong J, Han RN, Zhang ZH, et al. Screening of lactic acid BAERAFEEIFZE). A EFLE Tk, 2006, 34(1): 13-16

bacteria strains with high antibacterial activity from Douchi and [26] Yi LH, Ying D, Wu JL, et al. Purification and characterization of

it’s research of bacteriostatic[J]. Chinese Journal of Microecology, a novel bacteriocin produced by Lactobacillus crustorum MNO47

2011, 23(6): 485-489 (in Chinese) isolated from koumiss from Xinjiang, China[J]. Journal of Dairy

REIR, WhEGWE, skibde, 4. U rh s s e o v LR I B O Science, 2016, 99(9): 7002-7015
SN BEBISE[T]. P A 3244, 2011, 23(6): 485-489 [27] Pei JJ, Jiang L, Dai HP, et al. Application of nisin — the
[23] Gong YH, Li TY, Li SY, et al. Achieving high yield of lactic acid well-known lactic acid bacteria bacteriocin — against spoilage
for antimicrobial characterization in cephalosporin resistant bacteria in tangerine wine[J]. Czech Journal of Food Sciences,
Lactobacillus by the co-expression of the phosphofructokinase 2016, 34(6): 488-494
and glucokinase[J]. Journal of Microbiology and Biotechnology, [28] Hu YX, Liu XL, Shan CJ, et al. Novel bacteriocin produced by
2016, 26(6): 1148-1161 Lactobacillus alimentarius FM-MM, from a traditional Chinese
[24] Sun CQ, O’Connor CJ, Roberton AM. Antibacterial actions of fermented meat Nanx Wudl: Purification, identification and
fatty acids and monoglycerides against Helicobacter pylori[l]. antimicrobial characteristics[J]. Food Control, 2017, 77: 290-297
FEMS Immunology and Medical Microbiology, 2003, 36(1/2): [29] Dang TDT, Vermeulen A, Ragaert P, et al. A peculiar stimulatory
9-17 effect of acetic and lactic acid on growth and fermentative
[25] Liu DM, Li L, Liang SZ, et al. Study on inhibitory effect and metabolism of Zygosaccharomyces bailii[J]. Food Microbiology,
characterisation of antimicrobial substances produced by 2009, 26(3): 320-327
Lactobacillus rhamnosus[J]. China Dairy Industry, 2006, 34(1): [30] Piewngam P, Zheng Y, Nguyen TH, et al. Pathogen elimination by
13-16 (in Chinese) probiotic Bacillus via signalling interference[J]. Nature, 2018,
XM, 2580, B, % BUASRURT R B R 4 562(7728): 532-537

R AR R RY R RY Y RY RY AR RY R RY RY RY) RY R RY Y R Y 2R RY) RY R Y 7Y RY Y R R AR RY Y RY RY 2R RY R R RY 2R RY Y R RY 7R RY RY RY) RY R RY Y RY) Y RY) R

(k¥ p.2185)

iE F5 & W

3.5 ZHICHR: S5 S0 SN S T S 5 U HE Y 4k, RATF R RITERHEZ 51 . TS 2% SCHRTT 208 B 335 (O
BRVEE AR 3 AmF2sth, 2 3 ARSIHET 3 A, JEhn<dE aicet al.”, fEEFWRAE, 27 ZRMESRIT). 3
k4. T ARG RS, FAMNITIZMIS 58, A4S, AHRHA. S5 30REBOE AR .
275 SO A1)
[1] Marcella C, Claudia E, Pier GR, et al. Oxidation of cystine to cysteic acid in proteins by peroyacids as monitored by
immobilized pH gradients[J]. Electrophoresis, 1991, 12(5): 376-377
[2] Wang BJ, Liu SJ. Perspectives on the cultivability of environmental microorganisms[J]. Microbiology China, 2013, 40(1):
6-17 (in Chinese)
FOREE, XURGL. B IR EORRTTEIE ). 9" 7l 4R, 2013, 40(1): 6-17
[3] Shen T, Wang JY. Biochemistry[M]. Beijing: Higher Education Press, 1990: 87 (in Chinese)
TR, E8E. YA et @55EE ML, 1990: 87
[4] Liu X. Diversity and temporal-spatial variability of sediment bacterial communities in Jiaozhou Bay[D]. Qingdao: Doctoral
Dissertation of Institute of Oceanology, Chinese Academy of Sciences, 2010 (in Chinese)

KRR, M OB AN T Z2 PR TR 28 S0 AL [D]. 7 8 i R BT S P "2 A0 3, 2010

(T%% p.2311)

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



