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Abstract

MANDADZHIEVA, T., I. IVANOVA and I. ILIEV, 2014. Fermentative capacity of Lactobacillus strains cultivated on lactose 
and its derivatives. Bulg. J. Agric. Sci., Supplement 1: 59–61

The aim of this study was to determine the capacity of two strains Lactobacillus to utilize lactose and its unabsorbable 
derivatives with prebiotic potential – lactulose and lactitol. The strains, named L. fermentumO and L. sakeiTA61, were culti-
vated in different modifi ed media, containing these saccharides. Effect on the growth of lactobacilli was studied, as well as the 
production of α- and β-galactosidases. Antibacterial activity was tested by the agar diffusion method. It was determined that 
the studied strains saved and  showed  very similar antibacterial activity, as grown on glucose against the test food patogens. 
The origin of carbon sources  infl uenced activi ty of the studied enzymes, its maximum was found in the early log growth phase.
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Introduction 

Lactose derivatives are obtained from lactose by chemi-
cal, enzymatic or microbial modifi cations. Lactobionic acid, 
lactitol, lactulose, and lactosu crose are commercially produced 
for a variety of food and pharmaceutical applications (Kontu-
la, 1999). Also, a large variety of oligosaccharides consisting 
β-linked moieties with carbohydrates other than glucose or lac-
tose at the reducing end are produced by β-galactosidases from 
lactose when the appropriate  acceptor  carbohydrate  is present. 

Utilization of these saccharides is connected with their 
hydrolyses. The main enzymes involved in this process are 
α-galactosidases and β-ga lactosidases. Lactulose, lactitol 
and other derivatives are compounds that can be produced 
from lactose (or whey) and which, unlike lactose, are not 
absorbed in the small intestine of lactose-absorb ing subjects. 
They reach the proximal colon unaltered, where they are se-
lectively metabolized by bifi dobacteria and lactobacilli, giv-
ing rise to the formation of carbon dioxide, hydrogen gas, 
and short-chain fatty acids (SCFA), causing an increase in 

fecal biomass and a decrease in pH (Olano and Corzo, 2009). 
Thus, all these compounds have potential to function as pre-
biotics, substrates that promote the growth of benefi cial mi-
crobes in the large intestine (Saarela, 2002).

We aimed to obtain information about the structure–func-
tion relationship of lactulose and lactitol, and the infl uence of 
linkages that may have on the fermentability of these substrates.

Materials and Methods

Microorganisms, cultures and conditions
The growth characteristics of two Lactobacillus strains 

isolated from dif ferent fermented products, allifi ated to L. 
fermentum and L. sakei, were studied for their potential 
to use lactose and its derivatives as a carbon sources. The 
strains were called L. fermentumO and L. sakeiTA61.

To study the ability of these strains to utilise lactose 
deriv atives carbohydrate-free MRS broth was used as a bas-
al growth medium. Stock solutions (20%) of glucose, lactu-
lose, lactitol and lactose (all from Merck, Germany) were 
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prepared in ion-exchanged water and fi lter-sterilised. Sterile 
substrate solutions were added into basal MRS-medium to 
obtain fi nal carbo hydrate concentrations of 2%. The pH of 
the supplemented MRS was checked and adjusted if neces-
sary. Their growth kinetics were evaluated at 600 nm  during 
48 hours. 

Antimicrobial assay
The effect of lactose and its derivatives on the antimicrobial 

activity was tested using the following in dicator strains: Salmo-
nella cholerae 3591/31.10, Enterobacter aerogenes 3690/31.10, 
Staphylococcus aureus 746/31.10, E. coli 3398/31.10, Liste ria 
monocytogenes 863/31. 10 (all from the indicator strain collec-
tion of “LB Bulgaricum” PLC). Wells (8 mm) were made in the 
agar plates and CFS (100 μl) was placed in them and allowed 
to diffuse through the agar for 20-40 min at room temperature 
prior to incubation overnight (Schillinger and Lucke, 1989 with 
slight modifi cation). After which inhibitory zones were mea-
sured, at least 2 mm in diameter were recorded as positive. All 
experiments were prepared in triple.

Genetic analysis
Genetic analysis were provided, using Sigma’s Gen Elute™ 

Bacterial Ge nomic DNA NA 2110 kit; PCR protocol and elec-
trophoretic analysis, to show the presence of α-galactosidase 
(primers: LCB22ACI_2F and LC B22ACI_2R, fragment size 
339bp) and β-galactosidase (primers: LCB23DEL_1F and 
LCB 23DEL_1R, fragment size 559bp) gene’ frag ments. For 
the PCR-reaction volume was 50 μl (Taq master mix – 25 μl, 
Primer F-2μl, Primer R – 2 μl, PCR water-19 μl, DNA-2 μl) 
for the programme with 35 cycles.

Enzymatic assay
β-galactosidase activity was determined during 48 hours, 

using o-nitrophe nyl-β-d-galactopyranoside (oNPG) as the 
substrate and α-galactosidase activity, us ing p-nitrophenyl-
α-d-galactopyranoside (pNPG) (Sigma’s protocols). Activ-
ity of β-gal was determined by the amount of o-nitrophe-
nol (oNP) released, as measured by absorbance at 405 nm 
(method: Spectrophotometric Stop Rate Determination). 
One unit of oNPG ac tivity was defi ned as the amount of en-
zyme releasing one micromole of oNP per minute under the 
described conditions. The same is for α-galactosidase deter-
mination with pNPG. 

Results and Discussion 

The growth kinetics evaluated at 600 nm during 48 hours 
show typical growth like when the strains are cultivated on 
glucose. Maximum growth rates (μmax) and lag phase were 
calculated (Figure 1).

Both two strains cultivated on MRS-glucose medium 
have antimicrobial activity against the food patogenes that 
were used. Grown on lactose, lactulose and lacti tol, they 
save their antimicrobial activity with slight modifi cations – 
most signifi cant results are with indicator strain  Enterobac-
ter aerogenes 3690/31.10 (Figure 2).

Fig. 1. Growth curves

Fig. 2 Antimicrobial activity, overnight cultures – in the 
center L. sakeiTA61 grown in lactose(1), in lactulose (3) 

and lactitol (4) as carbon sources; L. fermentumO grown 
in lactulose (2) and lactitol (5). Indicator strain Entero-
bacter aerogenes 3690/31.10 (“LB Bulgaricum” PLC)

Fig. 3. Electrophoretic analysis of β-galactosidase (frag-
ment size 559bp, from 1-18) On the position 2 and 10, 
is L. fermentumO, cultivated in lactulose and lactitol; 

on the position 9 and 14 is L. sakeiTA61 again grown in 
lactulose and lactitol
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Electrophoretic analysis of β-galactosidase and 
α-galactosidase show the presence of  the needed fragments, 
respectively genes for α- and β-galactosidase, that we are 
measured (Figures 3 and 4).

The activity of the studied enzymes was evaluated during 
the growth of the strains. Maximum of activity of both en-
zymes was found in the early log growth phase. It should be 
noted that the activi ty of β-galactosidase was highest when 
the strains are cultivat ed on lactose (Figures 5 and 6).

Lactose derivatives can be utilised in varying extent 
by different Lactobacillus and Bifi dobacterium species/
strains (Sahota et al., 1982; Smart et al., 1993; Kneifel et 

al., 2000). The obtained results have shown the vari ations in 
fer mentation properties of lactu lose and lactitol providing an 
initial assessment of their prebi otic potential and should be 
com pleted by evaluating in vivo their fermentation proper-
ties before being fi nally used as a functional ingredi ent for 
improving the composition of gut microfl ora.

Conclusion

Present results furthermore indicate that fi nding synbiotic 
(combination of prebiotic and probiotic) pairs where the pre-
biotic would benefi t the specifi c probiotic strain, e.g. during 
production and formulation into foods, is not a simple task. 
However, although no in vitro benefi t is seen, in vivo the syn-
biotic pair may act differently – for example, we have found 
in another study (Kontula et al., 2002), that in vivo lactulose 
prolonged the persistence of  a  strain  L. rhamnosus in the 
human GI-tract after discontinuation of  the probiotic feeding.
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Fig. 5. β-galactosidase activity

Fig. 6. α-galactosidase activity

Fig. 4. α-galactosidase (fragment size 339bp, from 1-17). 
On the position 2 and 3 is L. fermentumO, 

cultivated in lactulose and lactitol; on the position 7 and 
10 is L. sakeiTA61 grown in lactulose  and  lactitol



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


