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Abstract: In order to obtain lactic acid bacteria, which could synthesize antimicrobial peptides and have good preservation effects, this
study aimed to isolate lactic acid bacteria with broad-spectrum antibacterial activities from fermented foods, analyze the main antibacterial
substances in the fermentation supernatant of lactic acid bacteria, investigate the antibacterial properties of the supernatant, including the
tolerance to heat, acid, and alkali, cell wall integrity, membrane permeability and glucose availability, optimize the fermentation conditions using
single factor analysis and response surface experiments, and evaluate their preservative effects on pork and fish. The results demonatreated that
Lactobacillus delbrueckii M2 and Lactobacillus delbrueckii subsp. bulgaricus M6, which were isolated from sour bean and fermented milk,
respectively, both exhibited good antibacterial activities with a broad spectrum. Their antimicrobial components are mainly proteins or peptides
with good thermal and acid-base stability. Moreover, antimicrobial substances from M2 harbored higher tolerance to alkali than those from M6.
The optimal fermentation conditions of the two strains of lactobacillus were as follows: 2.00% glucose and 3.00% soybean peptone and 3.00%
inoculation exhibited. Under these conditions, the antibacterial effects of L. delbrueckii M2 and L. delbrueckii subsp. bulgaricus M6 were
increased by 25.47% and 22.64%, respectively. Moreover, the supernatant of L. delbrueckii M2 and L. delbrueckii subsp. bulgaricus M6 could
disrupt cell wall integrity and membrane permeability and impact glucose utilisation. Furthermore, the supernatant of L. delbrueckii M2 and L.

delbrueckii subsp. bulgaricus M6 reduced the total viable counts and prolong the shelf-life during the storage of chilled pork and fish, extend the
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shelf life of pork and fish for 2~4 days. The findings will provide theoretical guidance for the development and application of new
broad-spectrum biological preservatives.
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Table 3 Physiological and biochemical characteristics of LAB
R
M2 M6
1R f - -
o + +
H % EE
MEEY::3 - -
ART 4 -
Ut
Lot
EFH
K
A
AH
gESen - -
IR RAL - -
ED YRaRREN, “ORTAM,

A4 A

C ool M2
Lactobacillus delbrueckii 4499

Lactobacilius delbrueckii 4575

L

99
96— Lactobacillus delbrueckii 4468

Lactobacillus delbrueckii PONT
Lactobacillus kefiranofaciens ZW3

Lactic acid bacterium ZIGS0101
Lactiplantibacillus plantarum LMEM1002

f ¢ o
_u_l— Lactobacillus ghanensis WK305

o3 Lactobacillus rhamnosus 3034
o |: Lactobacillus paracasei 6098
9= Lactobacillus casei SWUG1716
—_—
0020

sl Lactobacillus delbrueckii subsp. bulgarieus IMAU:80314
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Fig.1 The images of bacteria colonies (A, D), and microscopic observation (B, E) and phylogenetic analysis (C, F) of 16S rDNA
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Table 4 Effect of NaOH and organic acids on the antibacterial activities of fermentation supernatant from M2 and M6
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Table 5 Effect of H,O:; eliminnation on the antibacterial activities of fermentation supernatant from M2 and M6
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Table 6 Effect of proteases on the antibacterial activities of fermentation supernatant from M2 and M6
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Fig.2 Effect of high temperature on the antibacterial activities of fermentation supernatant from M2 and M6 against S. saureus (A) and
E. coli (B)
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Fig.3 Effect of various pH values on the antibacterial activities of fermentation supernatant from M2 and M6 against E. coli
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Fig.4 Effect of inoculum volume (A) and fermentation time (B) on antibacterial activities against E. coli
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FERL AR SEIOHEN b, DIEMMAR 0 4, HaE MR 8. RO EARRE S BOVSI AR, MR E BN
MR, R =K 3 =P B ST A B ik 36X M2, M6 Rk A1 71k . FIH Design-Expert 8.0.6 #4317
IR Hn b A 5T

®7 ERITE M2 BEERERITHERERER

Table 7 Response surface test design and results of M2

_ ERE/%
%5 - - 9 B A1%/mm
A: EARAR K B: #HEBR T4 C: ReZEAMmENH
1 0 (3.00) 0 (2.00) 0 (3.00) 18.93
2 1 (4.00) 1 (2.50) 0 (3.00) 16.88
3 1 (4.00) 0 (2.00) 1 (4.00) 17.24
4 0 (3.00) -1 (1.50) -1 (2.00) 16.04
5 1 (4.00) -1 (1.50) 0 (3.00) 16.11
6 1 (4.00) 0 (2.00) -1 (2.00) 17.28
7 0 (3.00) 0 (2.00) 0 (3.00) 18.79
8 0 (3.00) 1 (2.50) 1 (4.00) 17.33
9 0 (3.00) 1(2.50) 0 (3.00) 15.99
10 0 (3.00) 1(2.50) -1 (2.00) 17.11
11 0 (3.00) 0 (2.00) 0 (3.00) 17.89
12 -1 (2.00) 1(2.50) 0 (3.00) 15.66
13 0 (3.00) 0 (2.00) 0 (3.00) 19.21
14 0 (3.00) 0 (2.00) 0 (3.00) 19.07
15 0 (3.00) -1 (1.50) 1 (4.00) 16.09
16 -1 (2.00) 0 (2.00) -1 (2.00) 16.11
17 -1 (2.00) 0 (2.00) 1 (4.00) 16.09
3 8 fECILATE M2 BlYIERISE ST
Table 8 Analysis of variance for regression models of M2
x4 AR )E S ¥ Aa ¥y F1& P& BEMH
AEA 2227 9 2.47 12.37 0.001 6 o
A-BATRIRGHL 1.67 1 1.67 8.37 0.0232 *
B-# &M 54 1.45 1 1.45 727 0.030 8 *
C-REZQMRENHK 0.006 1 0.006 0.028 0.8729
AB 0.048 1 0.048 0.24 0.6379
AC 0.000 1 1 0.000 1 0.000 4 0.9828
BC 0.007 1 0.007 0.036 0.8547
A? 7.01 1 7.01 35.04 0.000 6 ok
B? 7.42 1 7.42 37.10 0.000 5 ok
2 2.75 1 2.75 13.73 0.007 6 o
KRE 1.40 7 0.20
DL 0.32 3 0.11 0.39 0.767 6
YhiR £ 1.08 4 0.27
B 23.67 16
R>=0.940 8 R27q=0.864 8

VEr e R T EE (P<0.001), R THERE (P<0.01), ““"&AF2F (P<0.05).
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Fig.6 Response surface diagram (A-C) and contour diagram (D-F) fermentation conditions of M2
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Fig.7 Results of M2(A) and M6(B) verification test

BT M2 W SRS Bt T R (R 7D, DURKME B ER (Y) AR, MR8, e
RESBMKGEAKRRES B =A"HNERNAERE, ZERBEUE IS M2 KEE MR 2 5071 A
Y=18.78+0.46A+0.43B+0.026C+0.11AB-0.005AC+0.042BC-1.29A2-1.33B2-0.81C2, i [0l A 34T 7 250 Hr, R2AH
90.9408, VEEALCIENA G FRINEFEE R4 R P A 0.767 6>0.05, RERCUTF IR M S HI AL (G 8). 1%
FERITIIN M2 R AR 2 A A AR 73 4 3.18%, HiI & Mot B 70 4 2.00%, K58 IR 73 4 3.00%, itk
TSR N ALY (R T R Pl B4 18.81 mm

XoF [ AR R AT B 2 ARG B0 v, FERMARR 4 (A, AR E A (B) RIUNEZE (P<0.05), A2
BRI EZE (P<0.001), C2EINEELEZE (P<0.01) (F8). FIMHAMSHEMEZM, FAEBRL, &
EVEME, SR P EAR AR R ASB>C (3R 8D HH =4k = (A n 7 [ B FI S5 s 2R B mT R FEMAAR 2
. HEPERES. REEABREM X =ARELEERIEAEE (P>0.05) (K 6).

[EREH, A FUAT B A DR IV A M6 353 Design-Expert 8.0.6 #H47 2 HE[A)H . LARANEE EAE (Y) AH
g, DAERMARR S, HERE RSB KEEAFRRES SN RNEZRE, SIS = 207
Y=19.37+0.45A+0.72B+0.044C+0.072AB+0.052AC-0.015BC-1.78 A2-0.74B2-0.65C2 (R?>=0.982 2, 4\ P 1E>0.05).
AT M6 KB R o =N S ST AR B (R AR SR A R s FERARR 8 3.14%,  FATRE R4 1.75%,
KRR 3.03%, SRR TR Tl 40 5 e B A2 19.58 mm.

DRI S THIE TS IS 45 SR AT SEME,  ZREFHBSI T AT IR NERIME, St 3 R SR A P AA 5y
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$3.00%, % E 4L 2.00%, KRR 3.00%, R N TR, 45 RN 6
M2 I EARN 19.46 mm (& 7AD, SERCRERALHTIE R 1 25.47%; B FUAT I CRINFIEE A M6 1T el B
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Fig.8 Effects of LAB fermentation supernatant on extracellular AKP mass fraction (A), conductivity change (B), OD26 value(C) and
OD»s value(D) in E.coli

A AN TR E Y

AKP RAFE T AN AN AN 2 () (W, SATEAMIREE BT, AKP 258 TANNERE b, S0
AL, KA 2 M2, M6 Kkl EIRAb B EAh AKP BT HOIN T 77.27%, 81.81% (P<0.05) (& 8A),
Y M2, M6 I IS TRAC B R A i B se B . 4R EE RT ATE BRI N A EE L Ak R AR SE 2 MR R
SO, ST ORYRNRAY E BB, DRI K AT B 4 S B SE B R M2 M6 I E IS G A B 32 AL 2
—, KMElth, Peng SEN I TT AL R AR FUAT RAC PRV P IO R DA 2 o A D 1 K B B R

IEFEOT, AENAMIE AT FEPRE, MARBSE RIS, NRBLEIEVEZ B, SR
TANHE, AN NA TR AR WEFE A, XTIRALA B T AR I (A AR AR A S, RIFTE 4 M2, M6
R ISR TS B SR B TR T AT G K, M2 ZHACHE 8 h JREACAFI T, M6 ZHALEE 4 h R EEA L F
T (EI8B), SXTIRALMLL, M2, M6 AL 8 h A BT HIMEE T 73.99%. 78.85% (& 8B). FRritz b, 4l
R IR 5 2 FEOR PR IR . 5 %4l . ODoson ODaso ROGME WoR: SRR, EAIMIR
I BAR A RIFAE T AR, M2 Mo ACPRA BRI [RIHE IAZ IR . SR R & B8 0, 8 h Je i EARFFAS
Az GXTHRAUALE, M2, M6 AbFEZL ODaso fE 53 MIHE AN 109.10%. 122.73%, ODaso fE 53 34 A1 150.00%. 159.09%
(& 8C~D)o IXEELEREH]: M2, M6 KEE ISR MRS IEE . AR e R PRk A B, ek 4
MBS AR, R A I RE R SR SR A, T A T Atk S5 R T
PR ARELAE PG, [RIE, AAELEE LRI SR ANt M2, M6 Al EIsAmE i EE N 2 —, K
LA, SR R AT OOV AN #2773 5 ) ) PLIRR P 2 1 I RO A e A . AN R B, R A RS 4h
T R B ST
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Fig.9 Effects of LAB fermentation supernatant on glucose utilisation in E.coli
26 B KREN TR

FERE PG TBUMR], o HRAANSCIG AR B (A I 35 T B, A 3 d AR HREH VP73 >6 73, B fifi el (7]
K, WIRARE PRI R, RS S R, XIS N 3.93 43, ARTEHA], Nisine M2, M6 AbERZH 535N
6.23. 7.20. 7.80 4r; 557 KA, XHEZHN 1.77 43, Nisine M2. M6 AF4H 5358 4.37. 553 5.50 43, M2. M6
ACFRAH LU RRZH TR AR A SE K 3 d (] 10A) . [FIFEHE, Bl i PG (R AE K, X RRZH B PPor il R F%, 7628 S
K, WRAIES N 4.27 47, AAEH, Nisine M2, M6 AR50 6.07. 7.33. 7.67 4% 28 7 KA, STHRZAA
1.10 43, Nisin. M2. M6 AbHA153 5009 423 5.80. 6.40 43, M2. M6 ACHRALLE S FRAL B2 48 43 HIAEK T 3. 4d

(K 10B).

MR AR B SR . — e RI<6 1g CFU/g, —ZEfAITE 6~8 1g CFU/g, )i AI>8 Ig CFU/gl?. 7EHEAM it
AR, BEAEGERN TR K, AR A VR SR BT RS 3 ORI, S O R I B VR B BRI
6.40 Ig CFU/g, N2, Nisine M2, M6 I 75 S 8050 4.824 4.75. 4.051g CFU/g, N—Zbif 554
3 5 K, Nisin &bH4 >6 1g CFU/g, M2 4038 2H (1) 56 75 S 0 6 1g CFU/g, M6 ARERA [ 18 74 5 4500 5.29 1g CFU/g;
%59 R, XHHEZS Nisin ACFE F V% B80>8 Ig CFU/g, M2. M6 AFEAL V& S50 BN 7.74. 7.881g CFU/g

(B 10C), B M2, M6 KEAHAE T3 SR W R AN A K . [FIFEHL, M2, M6 k¥ Il AE 2 & 30
P TR S, SR RS 7 R ETE S BT 8 1g CFU/g, Nisin L0 B 74 B BUE 2 9 Kt 8 1g CFU/g,
T M2, M6 AbFEA P A BRVE S BUE 2R 9 K43N 6,834 6.201g CFU/g (& 10D), BiBH M2, M6 KRt i
LRt A R AT B 1) AR K

FERTEREEOS R, BTG A N UEER IR B, AR TR R, I R AR 2 R P RE R )
pH (. K (& pH AERIE Y FHIHE, pH EAE 5.0~6.2 YN B T HEEAl, 6.2~6.6 SEH N NIREER, pH>6.7
MINIEMA .. BT Nisin, FLERE A FARERRME, S5 Nisine M2, M6 AR YIUA pH MK T XHEA . ER% N
O R, B pH (HRER A 2 BT, SRR Nisin 41, M2, M6 AFEZH 5 7 K pH (H5r 5N
6.63+ 6.52. 6.14. 6.08, % 9 K[ pH{EHI N 7.06. 6.83. 6.46. 630 (& 10E), Uil M2. M6 KELHAE T
PELAE A pH B BT

Rt RSO AE T, 58 3 RXTHRZL. Nisine M2, M6 AFEA pH 2 FRE A, ArAgE il 178 o Eseiy,
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Fig.10 Effects of different treatment groups on the sensory score(A-B), total number of colonies (C-D)and pH(E-F) of pork (A,C,E) and
fish (B,D,F)

3 Zhip
WA BINERE A RIEEFL P20 B 5 5 (04 FCSLAT B M2, LT B AR I ME R M6 RE 2] £ Ff

15



DR EmR Modern Food Science and Technology 2025, Vol.41, No.12

P PR B A 22 R T A A, BTN M 5 25 A PRAR: S A P B 1 BT T RS- - M2,
M6 T e R B A0 AR 2 £ 3.00%, TR B0 $ 2.00%, KEE AR E )4 3.00%. M2,
M6 R EEBEIS B AT i AR B e B . AR PR LA BT PO AR FI s 2R, WA, AR
B I REERCR - 2 3CF T T P DUAE AR LR B B D) SR R R AR B R A A AT L 4R (B R 4R 3
SR, M2+ M6 MBS RS FRAW I

Bt I bR

(1]
(2]

(3]

(4]

(3]

(6]
(7]

(8]
(9]

[10]

(1]

16

ZRLLRK, ST 2 X, 5. 2021 4 [ K Er P R0 8 Al T BRG], o Bl £t A 24,2022, 34(4):816-821.

Rt FEAR RS, AOHE RS, 55.2010-2020 £F r [ K 2 24 081 ) BRI L2 LB 3R 5 R IR R B AR B[] 70 Bl dh 12
A 5%78,2022,34(5):1029-1034.

MEAD S P, SLUTSKERR L, DIETZ A, et al. Food-related illness and death in the united states emerge [J]. International Journal of
Infectious Diseases, 1999, 5: 607-625.

MOSTFA A, AL-ASKAR A A, ALMAARY K S, et al. Antimicrobial activity of some plant extracts against bacterial strains causing food
poisoning diseases [J]. Saudi Journal of Biological Sciences, 2018, 25(2): 361-366.

DAVUES J, DAVIES D. Origins and evolution of antibiotic resistance [J]. Microbiology and Molecular Biology Reviews, 2010, 74(3):
417.

W 42, o 5 X0, S5 P D G 11 PLIR T PO T 8 S v B X0 PAY B RO AY [ 0] B i 55 A 12K, 2020,46(20):164-170.

KUSH K P, SHIV K S, SURYA K V, et al. Bioutilization of paneer whey waste for production of paneer making powder containing
pediocin PA-1 as a biopreservative to enhance shelf life of paneer [J]. LWT-Food Science and Technology, 2019, 113: 108243.

[8] M=z, 7)1, 2830, 5 BB BRI ZEMI AT DB AL K 5O B FRRE 703k P[] S 0 5541, 2024,64(7):2242-2259.

2P FEOR, Db o, 2 FUBRBERR B 28 (Niisin) [0k S B2 F 0] 7kl Tk, 2020,41(24):8-11.

] 55 B 2 B A T R, B R PAE AR B 28 5142, GB4789.35-2016, & M 2 B 5 bR £ b U YIAAe 36 LR T RER[S].
ABSC A ERAEH R, 2016.

MUHAMMAD Z, RAMZAN R, ABDELAZEZ A, et al. Assessment of the antimicrobial potentiality and functionality of Lactobacillus
plantarum strains isolated from the conventional inner mongolian fermented cheese against foodborne pathogens [J]. Pathogens, 2019,
8(2): 71.

IRTSER UYL H WA 2 50 %5 T IM] AL ST AR H AL, 2001

ARSC AR F5 2R FLIRAN R 73 S5 08 T SRR R M AR5 o R bt P, 1999

B 6 N, AR S 7 0 G 0 5 LR R PR 08 S FLAT R R PR T[], 6 i 2 R AR 27441, 2021,21(12):8543-8550.

HYEUN C G, IRORITA F J I, MAY D C, et al. Antimicrobial peptides (bacteriocins) produced by Lactococcus lactis and Pediococcus
pentosaceus strains with activity against clinical and food-borne pathogens [J]. Probiotics and Antimicrobial Proteins, 2025, 17(3): 1171.
8,2 R B R, A5 7 U R PLIR T (A i SR [0, [ 4 7412, 2020,20(12):248-255.

PENG H, ZHOU G, YANG X M, et al. Transcriptomic analysis revealed antimicrobial mechanisms of Lactobacillus rhamnosus
SCBO0119 against Escherichia coli and Staphylococcus aureus [J]. International Journal of Molecular Sciences, 2022, 23(23): 15159.
AR, FROEHE, XA, 55 KR A HUBR A At 2 ST BT AUV T £ FH S LB D] S R AR LR 27274, 2020,41(4):95-103.

[19] A5, IR B, B S O, A58, )™ 1 1 2 i LI B PO 2 S A R R AR LA AR R 441,2024,44(3):1-8.

TSI BT3B e G P AR 07 4 S L B AT LER 7 S [0 DA B i RH,2016,32(12):151-157.

FKIBHY, Lactobacillus plantarum CO10 F=4HE 251 7 B A4, J R K AREE S YR [D].5E B VLR K 22,2022,

AR Mytichitin-CB HUR LA EERE BT B OREE - AV AT FE[D] R HE: RIEERHE R ,2019.

E R a2 I B SR, B R DA RIE 2 014.GB4789.2-2016 B L &EFnME B MEYHIE% WiELSZe
[S]AbE: H EFRAEH bR #E,2016.

IS SN 7R T INZ [/ A 35 N o I (1 Y AR A - L= e 7/ D O ORI e R (S M) N T o vl VS 2 S
£,2020,41(23):2898-2903,2907.

TGO, 2R B, R R SE AR G I R R E A R LR R 0k R AR P W AR E e i (0] IR R A R
$,2021,37(11):68-78.



DR EmR Modern Food Science and Technology 2025, Vol.41, No.12

26
27
28

[
[
[
[29

]
]
]
]

[30]

[37]

Fifi iR, B, A ROV S5 M VDL I DY 6 3 B R AU 20 R0 4650 [ ] 3004 M 22183, 2019,46(9):2258-227 1.
AT R B, A5 A D s R 200 T R 0 2 O A B A P A AR 0 0] A E A 7088 41%,2024,51(9):3562-357 1.

TR UG RSB X1 LA, 58 AP0 240 2 LI BT F) 2, i e S8 [ 0]+ 4R, 2020,21:29-34.

SHI'Y H, HUANG J H, ZENG G M, et al. Exploiting extracellular polymeric substances (EPS) controlling strategies for performance
enhancement of biological wastewater treatments: An overview [J]. Chemosphere, 2017, 180: 396-411.

OLSEN J V, SHAO-EN O, MATTHIAS M. Trypsin cleaves exclusively C-terminal to arginine and lysine residues [J]. Molecular &
Cellular Proteomics, 2004, 3(6): 608-614.

VG DUR R 2 B 5 B AR e JER AR LA I FE (D0 R A R RHROR 52,2019,

HASIM S, COLEMAN 1] J. Targeting the fungal cell wall: Current therapies and implications for development of alternative antifungal
agents [J]. Future Medicinal Chemistry, 2019, 11(8): 869-883.

COLCERIU M, ALDEA P L, RACHISAN A, et al. Vesicoureteral reflux and innate immune system: physiology, physiopathology, and
clinical aspects [J]. Journal of Clinical Medicine, 2023, 12(6): 2380.

OLADIPUPO O O, SOOTTAWA B, KITIVA V. Comparative study on nitrogen and argon- based modified atmosphere packaging on
microbiological, chemical, and sensory attributes as well as on microbial diversity of Asian sea bass [J]. Food Packaging and Shelf Life,
2019, 22: 100404.

IR TR R W LR ™SI R TR v RV AL DREE ORI FE[ 1] AR B AR LA 272, 2018,43(1):41-44.

MENG D M, SUN S N, SHI LY, et al. Application of antimicrobial peptide mytichitin-CB in pork preservation during cold storage [J].
Food Control, 2021, 125(1): 108041.

K, B R A 7 5 PR IR AN S B B AHLs SLIRR 1 (1 975 S 78— SCf AReE v R R D], 8 A RE22,2022,43(14):136-142.

17



	1  材料与方法
	1.1  实验菌株
	1.2  实验材料
	1.3  实验仪器
	1.4.1  乳酸菌分离
	1.4.2  乳酸菌发酵上清液的制备
	1.4.3  抑菌活性的鉴定
	1.4.4  乳酸菌的鉴定
	1.5  乳酸菌抑菌物质的初探
	1.5.1  有机酸排除
	1.5.2  过氧化氢排除
	1.5.3  蛋白酶处理试验
	1.5.4  热稳定性
	1.5.5  酸碱敏感性
	1.6  乳酸菌发酵条件优化
	1.6.1  菌株接种体积分数对发酵液抑菌活性的影响
	1.6.2  发酵时间对发酵液抑菌活性的影响
	1.6.3  碳源种类对发酵液抑菌活性的影响
	1.6.4  碳源浓度对发酵液抑菌活性的影响
	1.6.5  氮源种类对发酵液抑菌活性的影响
	1.6.6  氮源浓度对发酵液抑菌活性的影响
	1.6.7  响应面分析乳酸菌的最佳发酵条件
	1.7  乳酸菌对大肠杆菌抑菌机理的初探 
	1.7.1  碱性磷酸酶（Alkaline Phosphatase，AKP）浓度测定
	1.7.2  胞外溶液电导率的测定
	1.7.3  胞外紫外吸收物质的测定
	1.7.4  葡萄糖利用效率的测定
	1.8  乳酸菌发酵上清液对冷猪肉、鱼肉的防腐保鲜作用
	1.8.1  冷鲜肉的前处理
	1.8.2  感官评定
	1.8.3  pH值测定
	1.8.4  细菌总数
	1.9  数据处理

	2  结果与分析
	2.1  广谱抑菌活性的乳酸菌分离及鉴定
	指示菌
	来源
	抑菌圈直径/mm
	M2
	M6
	革兰氏阳性菌
	金黄色葡萄球菌
	ATCC6538
	++
	++
	白色葡萄球菌
	ATCC8032
	++
	++
	枯草芽孢杆菌
	ATCC6633
	++
	++
	革兰氏阴性菌
	洋葱伯克霍尔德氏菌
	ATCC25416
	++
	+
	铜绿假单胞菌
	ATCC15442
	+
	+
	肺炎克雷伯菌
	ATCC4352
	++
	+
	大肠杆菌
	ATCC8099
	+
	+
	鼠伤寒沙门氏菌
	ATCC14028
	++
	+
	日沟维肠杆菌
	ATCC33028
	++
	++
	真菌
	白色念珠菌
	ATCC10231
	-
	-
	圆红酵母
	CGMCC2.2424
	-
	-
	2.2  M2、M6发酵上清液抑菌特性
	2.3  乳酸菌发酵上清液的理化特性分析
	2.4  乳酸菌发酵条件优化
	编号
	单因素/%
	抑菌圈直径/mm
	A：接种体积分数
	B:：葡萄糖质量分数
	C：大豆蛋白胨质量分数
	参数
	自由度
	平方和
	均方
	F值
	P值
	显著性
	模型
	22.27
	9
	2.47
	12.37
	0.001 6
	**
	A-接种体积分数
	1.67
	1
	1.67
	8.37
	0.023 2
	*
	B-葡萄糖质量分数
	1.45
	1
	1.45
	7.27
	0.030 8
	*
	C-大豆蛋白胨质量分数
	0.006
	1
	0.006
	0.028
	0.872 9
	AB
	0.048
	1
	0.048
	0.24
	0.637 9
	AC
	0.000 1
	1
	0.000 1
	0.000 4
	0.982 8
	BC
	0.007
	1
	0.007
	0.036
	0.854 7
	A2
	7.01
	1
	7.01
	35.04
	0.000 6
	***
	B2
	7.42
	1
	7.42
	37.10
	0.000 5
	***
	C2
	2.75
	1
	2.75
	13.73
	0.007 6
	**
	残差
	1.40
	7
	0.20
	失拟项
	0.32
	3
	0.11
	0.39
	0.767 6
	纯误差
	1.08
	4
	0.27
	总和
	23.67
	16
	R2=0.940 8
	R2Adj=0.864 8
	2.5  抗菌肽抑菌机理的初探
	2.5.1  发酵上清液对大肠杆菌细胞壁及细胞膜的影响
	2.5.2  发酵上清液对大肠杆菌的葡萄糖利用的影响
	2.6  冷鲜肉保鲜测定结果

	3  结论

