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Abstract This study investigated the effects of

bovine lactoferrin (BLf) on the growth of different

groups of bacteria in vitro. BLf showed a significant

inhibitory effect on the growth of selected pathogens

but not probiotics. BLf, in combination with probi-

otics, has the potential to influence the composition of

the gut microflora via inhibition of intestinal patho-

gens with no significant effect on probiotic bacteria.
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Introduction

Lactoferrin (Lf) is an iron-binding glycoprotein that is

secreted in most mammalian external fluids. It acts as a

first line defense agent against infections in the body

(Levay and Viljoen 1995). It has been suggested that

lactoferrin in breast milk plays a major role to

maintain a predominance of bifidobacteria and lacto-

bacilli in the infant intestinal system (Artym and

Zimecki 2005; Coppa et al. 2006). This evidence

suggests that the presence of Lf in the human

gastrointestinal (GI) tract may contribute to re-struc-

ture the composition of the intestinal microflora. The

bacteriostatic or bactericidal activity of lactoferrin is

exhibited against a number of G? and G- bacteria

(Bullen 1976; Murdock et al. 2007). However, the

reason why numbers of lactic acid bacteria, such as

bifidobacteria and lactobacilli, in the digestive system

remain high during breast-feeding of infants and in

lactoferrin-supplemented animal model systems

remains unclear (Artym and Zimecki 2005; Coppa

et al. 2006; Tang et al. 2009). The effects of BLf on the

growth of lactic acid probiotic bacteria appear not to

have been studied. In the present study, the effects of

BLf on the growth of different bacteria were tested, as

well as the effect on pathogen growth of a combination

of BLf and a selected probiotic bacteria strain.
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Materials and methods

Bovine lactoferrin

Bovine lactoferrin (NZMP7100) was kindly supplied

by Fonterra Co-operative Group, New Zealand. In this

product the lactoferrin content is[90% of protein, and

iron saturation is 10–20%. The pH value (5% solution

at 20�C) is 5.5–6.5. Bacterial analysis is negative.

Bacteria strains

Probiotic bacteria Lactobacillus acidophilus DPC201,

Lactobacillus plantarum DPC206, Pediococcus acid-

ilactici DPC209, Lactobacillus reuteri DPC16, Bifido-

bacterium lactis HN019 and Lactobacillus rhamnosus

HN001 strains and pathogen strains Listeria monocyt-

ogenes Scott-A ATCC49594, Staphloccocus aureus

ATCC 25932, Salmonella enterica serovar Typhimu-

rium ATCC 1772 and Escherichia coli O157:H7 strain

2988 were provided by Bioactives Research New

Zealand (BRNZ), Auckland, New Zealand.

Culture media and conditions

The probiotic bacteria were grown in deMan-Rogosa-

Sharpe (MRS) (Difco, Michigan, USA) broth contain-

ing cysteine (0.5 g/l) or on MRS agar plates for 18 h in

an anaerobic jar at 37�C (Clayson Incubator, New

Zealand). The pathogens were cultured in Brain Heart

Infusion (BHI) (BBL, USA) broth or on BHI agar

plates aerobically at 37�C for 24 h. Bovine Lactoferrin

was filter-sterilized and added to autoclaved media as

required.

Spectrophotometric turbidity bioassay

Bacterial cultures were diluted tenfold and 25 ll were

transferred into a 96-well culture plate containing

225 ll of lactoferrin-supplemented medium. The

growth response of each bacterial strain was monitored

by determining the optical density at 620 nm using an

ELISA plate reader (Model Multiskan EX, Thermo

Electron Corporation) (Rosendale et al. 2008). Double

strength bacterial culture medium was used in the

experiments where cell-free supernatants of probiotic

bacteria were tested for their inhibitory effects on the

growth of pathogens and probiotics.

Bacteria standard drop plate count assay

After incubation, each bacterial culture was diluted in

series using peptone saline water in 96-well culture.

Appropriate concentrations were placed on agar plates

using the standard drop plate count method (Chen et al.

2003). The viable colonies of bacteria were counted

and reported as Log CFU/ml.

Statistical analysis

Data were processed using Excel spreadsheets. Results

were expressed as means ± SD, and the significance

of differences was determined using ANOVA.

Results and discussion

Effects of bovine lactoferrin on the growth

of some pathogens and probiotics

The effects of bovine lactoferrin on the growth of

pathogens, including G? and G- strains, were deter-

mined by measuring the cell optical density. Figure 1a

shows that bovine lactoferrin inhibited the growth of

these pathogens in a dose-dependent manner. No

significant inhibition was observed on the growth of

probiotic strains (Fig. 1b).

As a comparison, bovine serum albumen (BSA), at

the same concentrations as those used for lactoferrin,

exhibited no inhibitory effects on the growth of either

the pathogens or the probiotics. Figure 2 shows the

colonies of Escherichia coli O157:H7 on BHI agar

plates after it was incubated in the BLf- and BSA-

supplemented growth medium at 37�C for 24 h.

Effects of polymyxin on growth of pathogens and

probiotics

Polymyxin B is an antibiotic that is used for controlling

G- bacteria, but which has less effect on G? bacteria.

Polymyxins are cationic proteins that bind to the

bacterial cell membrane and alter its structure making

it more permeable (Cardoso et al. 2007). In this study,

it was hypothesized that the mechanism of action of the

cationic protein lactoferrin against bacteria may be

similar to that of polymyxin B. Thus, the effect of

polymyxin on the growth of the selected pathogens and

probiotics was studied. Figure 3a shows that
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polymyxin B strongly suppressed the growth of the G-

bacteria ST and EC. A concentration of 60 lg/ml was

required before significant inhibition of the G? bac-

teria LM and SA was observed. In contrast, Fig. 3b

shows that polymyxin B did not inhibit any probiotics,

even at the highest concentration tested.

Effects of bovine lactoferrin in combination

with a probiotic cell-free supernatant

on the growth of pathogens and probiotics

It is known that the probiotic supernatant contains

compounds such as reuterin in L. reuteri culture that

are inhibitory to the pathogens (Arques et al. 2004;

Talarico et al. 1988). In the present study, the

supernatant produced by L. reuteri DPC16 was

examined for its effect on the growth of the pathogens,

in the presence and absence of bovine lactoferrin. The

results, shown in Fig. 4, reveal that the combination of

lactoferrin (10 mg/ml) and L. reuteri DPC16 superna-

tant at a concentration of 0.125 (v/v) showed additional

inhibition of the pathogens (Fig. 4a), but no effect on

the probiotic bacteria (Fig. 4b), during growth for 24 h

at 37�C.

In summary, the results demonstrated that Lf

inhibited the growth of all tested G? and G- pathogens

but not the probiotics, at the concentrations tested. In

contrast, BSA, tested as a protein control, inhibited

neither the pathogens nor the probiotics. It is con-

cluded, therefore, that lactoferrin is a special protein

that possesses antibacterial capabilities to some bac-

teria, but not all. We propose that the special cell

structures or metabolic substances of probiotics may

protect the cells from the activities of cationic proteins
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Fig. 1 a Dose responses of bovine lactoferrin (BLf) on growth

of pathogens Listeria monocytogenes (LM), Staphlococcus
aureus (SA), Salmonella typhimurium (ST) and Escherichia

coli (EC). b Dose responses of bovine lactoferrin on probiotics

L. acidophilus (LA), L. plantarum (LP), P. acidilactici (PA), L.
reuteri (LRe), B. lactis (BL) and L. rhamnosus (LRh)

Fig. 2 The effects of BLf and BSA on the growth of EC tested

by the standard drop plate count method
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Fig. 3 a Dose response of polymyxin B against pathogens. b Dose response of polymyxin B against the probiotic bacteria. Symbols

as for Fig. 1b
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such as lactoferrin and polymyxin B. Our results also

show that a probiotic cell-free supernatant can aug-

ment the antibacterial activity of lactoferrin against

pathogens without affecting the growth of the probi-

otics. These data provide more support to the sugges-

tion that consumption of bovine lactoferrin with

probiotics may contribute to a beneficial microflora

balance in the GI tract.
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Fig. 4 a The effect of a combination of BLf and L. reuteri DPC16 supernatant on growth of pathogens. b The effect of a

combination of BLf and L. reuteri DPC16 supernatant on growth of probiotic bacteria

596 Biometals (2010) 23:593–596

123


	Influence of bovine lactoferrin on selected probiotic bacteria and intestinal pathogens
	Abstract
	Introduction
	Materials and methods
	Bovine lactoferrin
	Bacteria strains
	Culture media and conditions
	Spectrophotometric turbidity bioassay
	Bacteria standard drop plate count assay
	Statistical analysis

	Results and discussion
	Effects of bovine lactoferrin on the growth of some pathogens and probiotics
	Effects of polymyxin on growth of pathogens and probiotics
	Effects of bovine lactoferrin in combination with a probiotic cell-free supernatant on the growth of pathogens and probiotics

	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


