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Kinetic Analysis of the Inhibition of in vitro Growth of
Pathogenic Escherichia coli K88 and O138 by Lactobacillus
Isolates from Porcine Intestine

LIN Yong YAO Wen ZHU Wei-Yun"

(Laboratory of Gastrointestinal Microbiology, Nanjing Agricultural University, Nanjing 210095)

Abstract: Fermentation property and kinetic analysis of the inhibition of in vitro growth of pathogenic Es-
cherichia coli K88, O138 by Lactobacillus intestinalis isolated from porcine intestine mucus were investi-
gated. The results of fermentation showed that L, result in a pH of 3.90 within 12 h and a large amount of
lactic acid production, with the concentration of 104.08 mmol/L. Kinetic analysis of the antibacterial activity
of L; metabolic product toward K88, O138 showed that CFUS display strong antibacterial activity toward
K88, 0138; the antibacterial activity of L; CFUS was higher than the lactic acid control samples and was
mainly due to the production of lactic acid; K88, O138 had the tolerance property toward pH 4.5.

Keywords: Lactobacillus intestinalis, K88, O138, Antibacterial activity

[1]

EEWA: ( )
*BIAEE: Tel: 025-84395523; B<: zhuweiyunnjau@hotmail.com © hER M T TIBE S 5480 http://journals. im. ac. cn
WS B 2008-03-19; #FZ HH: 2008-05-22



K88, 0138 1607
20 min
21 , 1.3.3 HFEZMAE Oh 3h 6h 12h 24h
, L, , pH 4.5, 4°C
10000 r/min 30 min
341 , (CFUS)  80%(V/V) 24h K88 0138
, MRS pH 4.5
, MRS pH 4.5
,37°C 2h
K88 1.4 i~ $ VFA Bl E
0138 , , L,0h
K88 0138 3h 6h 12h 24h MRS
, (VFA) 5]
1.5 SEitath
3 ,
1 M*\:l’_% jj‘ﬂ% Microsoft Excel R SPSS10.0
1.1 =E#k LSD
- 2 BREA
0138 21 BAFEAE L RN REBEERS R
S L, pH ODgo
la,0h~6h pH ,12h~24 h
K88 ,24h , pH 3.69; 0 h~12 h
,12h
L, 1b,
1.2 Rk ER 0h~12h ,12h 104.08 mmol/L,
L, MRS 12 h~24 h ,24 h 129.76 mmol/L;
24 h MRS ) K88 0138
3 ,37°C 0Oh 3h 6h 12h
24t pH ODyoo 70 ‘a —e—pHvalue —4 0D, 295
(mmol/L) =0.8 ( (mmol/L))/ 129
(1+10PHPKay (341 E 115 g
13 KSS, 0138 ZEHMmE 1% z S
1.3.1 BEMEE. L : = 110
MRS ,37°C
K88 0138 105
24 h ,
L L L L L 0.0
,37°C 24h 0 5 10 15 20 25 30
1.3.2  FLERX BRIRAH & L,0h 1 (h)
3ho6h 12h 24h » B 1a EAFE L, 55 pH . 0D EIFEELE
MRS , Ix 10° Pa Fig. 1a  Variation of pH, OD value at different time

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1608 wIHg AR 2008, Vol.35, No.10

140 T b _@— Lactic acid concentration 19.35 mmol/L
—A— Undissociated lactic acid concentratio e N
2 120 2.2 O138 FFEF NN N FiXIE
E 0138 2a CFUS
g
= 100 0138 , 10%%/mL
S
5 80 10%"/mL, 87 pH 4.5
£
8 . 10%°/mL 10%*/mL,
g 60
§ 76 6h 12h 24 h CFUS
8 40
2 2 pH 45 MRS(P<0.05), pH 4.5
MRS O138 ,
0 0138 2b
t(h)
CFUS pH 45 0138
1b FFFEAFE L, ~FLERRE I BERT B T 1L ) ,
f.ig. 1b Variation of lactic acid concentration according to : CFUS pH 4.5 0138
ime
, CFUS
0 h~12 h , 12°h pH 4.5
15.52 mmol/L, 12 h~24 h , 24 h ,
—e— CFUS (adjusted to pH 4.5) of L1
—A— MRS broth containing increasing amounts of lactic acid (adjusted to pH 4.5)
—a MRS broth (adjusted to pH 4.5)
—e— MRS broth
72 2 72 . b
7.0
6.8
g ~ 6.6
S E 647
S 2 62
: < v
— o 6.0
581
561
5.8 1 1 1 1 J 5.4 N . X N
0 5 10 15 20 25 0 5 10 15 20
t (h) Undissociated lactic acid concentration (mmol/L)
2a FEALER 0138 FFiEEH SN El2b OI138 ELRRFARMIBABKRE THFEL
Fig. 2a  Antibacterial activity of different Fig. 2b  Survival of O138 under different concentration
treatment against 0138 of undissociated lactic acid
2.3 K88 FiEE M HF i 0138 ,
K88 3a CFUS K88 3b
0138 , 10"/mL 10%/mL,  CFUS pH 4.5 K88
91 pH 4.5 R >
, 107/mL 10%7/mL, :CFUS pH 4.5 K88
87 6h 12h 24 hCFUS R CFUS
pH pH 4.5 ,
4.5 MRS(P<0.05), pH 4.5 MRS

© PEMZFRMENARMATIKSHIES htto://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



K88, 0138

1609

Lg (CFU/mL)

80 1
78 |
7.6
74 ¢
72 F

7.0¢

6.8
6.6
64 r
6.2 r

6.0

-o- CFUS (adjusted to pH 4.5) of L

1

-A- MRS broth containing increasing amounts of lactic acid (adjusted to pH 4.5)
-8 MRS broth (adjusted to pH 4.5)
--- MRS broth

5 10 15 20 25
£ (h)

32 FREIAEX K88 FiEHAIF M
Fig. 3a  Antibacterial activity of different

treatment against K88

24 KRi=HH VFA KE

4a

(7]

4b

Oh

B

)
Wik

L;24 h VFA
0h~3 h ,3h

Oh (P<0.01),3h 6h 12h

6h (49.61 mmol/L), 24 h
44.89 mmol/L 12h
0 h~3 h ,3h

(P<0.01),3h 6h 12h 24h

24 h (1.925 mmol/L)

L, 24 h (

(ex ETEC STEC)

>

(6]

7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4

Lg (CFU/mL)

0

5

10 15 20

Undissociated lactic acid concentration (mmol/L)

3b K88 ERRERMEIABIRE THFEL
Fig. 3b  Survival of K88 under different concentration
of undissociated lactic acid

Concentration (mmol/L)

& 4a

Fig. 4a

Concentration (mmol/L)

60.0

50.0

40.0

30.0

20.0

10.0

N

\

12

& B B2 R E B (mmol/L)

25

2.0

The concentration of acetate in the culture

4b  KEERH T BLIRE E (mmol/L)

Fig. 4b The concentration of Butyrate in the culture

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



#od g AR

2008, Vol.35, No.10

1610
Bl STEC >
H+
STEC [9,10] 0138 K88 pH
4.5 b ?
0138 K&8 (ATR),
ATR  OI138 K88 .
’ , ApH(
pH )
[3,10-12] Ogawa Gonzalez ) STEC
ATR ’
[3,10]
L, 0138 K88
, pH
4.5 b
. 0I38 K88
L,
0138 K88
413,141 Makras ]
12 L,
0138 K&8
L , 3 h
49.61 mmo/L ; ’
41 L,
b Ll ’
, 0138
K88 ; b

http://journals.im.ac.cn/wswxtbcn

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

% XX

Angelis MD, Siragusa S, Berloco M, et al. Selection of
potential probiotic lactobacilli from pig feces to be used as
additives in pelleted feeding. Res Microbiol, 2006, 157:
792-801.

Muthukumarasamy P, Holley R. A Survival of Es-
cherichia coli O157:H7 in dry fermented sausages con-
taining micro-encapsulated probiotic lactic acid bacteria.
Food Microbiology, 2007, 24: 82—-88.

Michinaga O, Kensuke S, Koji N, et al. Inhibition of in
vitro growth of Shiga toxin-producing Escherichia coli
O157:H7 by probiotic Lactobacillus strains due to pro-
duction of lactic acid. Int J Food Microbil, 2001, 68:
135-140.

Jin LZ, Marquardt RR, Baidoo SK. Inhibition of entero-
toxigenic Escherichia coli K88, K99 and 987P by the
Lactobacillus isolates from porcine intestine. J Sci Food
Agric, 2000, 80: 619—-624.

, 1982, 5: 110-116

Lalles JP, Bosi P, Smidt H, ef al. Weaning — A challenge
to gut physiologists. Livestock Science, 2007, 108: 82—93.
Bauer E, Williams BA, Smidt H, et al. Influence of die-
tary components on development of the microbiota in sin-
gle-stomached species. Nutr Res Rev, 2006, 19: 1-17.
Angelis D, Siragusa M, Berloco S, ef al. Isolation, identi-
fication and selection of potential probiotic lactobacilli
from pig faeces to be used as additives in pelleted feeling.
Res Microbiol, 2006, 157: 792-801.

Besser RE, Lett SM, Weber JT, ef al. An outbreak of di-
arrhea and hemolytic uremic syndrome from Escherichia
coli O157:H7 in fresh-pressed apple cider. J Am Med In-

form Assoc, 1993, 269: 2217-2220.

Gonzalez FD, Russell JB. The ability of Escherichia coli
O157:H7 to decrease its intracellular pH and resist the
toxicity of acetic 1997, 143:
1175-1180.

Trygve E. The antimicrobial effect of dissociated and un-

acid. Microbiology,

dissociated sorbic acid at different pH levels. Journal of
Applied Bacteriology, 1983, 54: 383-389.

Cherrington CA, Hinton M, Chopra 1. Effect of short
chain organic acids on macromolecular synthesis in Es-
cherichia coli. J App Bacterio, 1990, 68: 69-74.

Makras L, Triantafyllou V, Messaoudi DF, ef al. Kinetic
analysis of the antibacterial activity of probiotic lactoba-
cilli towards Salmonella enterica serovar Typhimurium
reveals a role for lactic acid and other inhibitory com-
pounds. Res Microbiol, 2006, 157: 241-247.

Tsiloyiannis VK, Kypiakis SC, Vlemmas L, ef al. The ef-
fect of organic acids on the control of post-weaning oe-
dema disease of piglets. Res Vet Sci, 2001, 70: 281-285.

© ™ ERF BRI R BT B S e

22 http://journals. im. ac. cn



	乳杆菌对致病性大肠杆菌K88和O138体外 存活抑制的动力学研究 
	林  勇  姚  文  朱伟云* 
	Kinetic Analysis of the Inhibition of in vitro Growth of  Pathogenic Escherichia coli K88 and O138 by Lactobacillus  Isolates from Porcine Intestine 
	LIN Yong  YAO Wen  ZHU Wei-Yun* 

	1  材料与方法 
	1.1  菌株 
	1.2  体外发酵 
	1.3  K88, O138存活影响动力学 
	1.4  代谢产物中VFA的测定  
	1.5  统计分析 

	2  结果与分析 
	2.1  肠乳杆菌L1体外发酵结果分析 
	2.2  O138存活影响动力学试验     
	2.3  K88存活影响动力学试验 
	2.4  代谢产物中VFA浓度 

	3  讨论 
	参 考 文 献 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


