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Introduction

Bio-actives in foods may offer health benefits and disease prevention. Micro encapsulation has
become the recent tool for protecting and delivering bio-actives in the development of bio-
functional foods. Viability, physiological and metabolic activity of these bio-actives in a food
product at the point of consumption are important consideration for their efficacy, as they have to
survive during shelf life of a food, transit through high acidic and alkaline conditions in the gastro-
intestinal tract (git). Nutrient fortification in foods (for example, vitamin folic acid) is mandatory in
several countries due to its role in preventing neural tube defects, protective role against coronary
heart disease by reducing the levels of homocysteine in the blood and preventing certain forms of
cancer. Novel biotechnological processes such as accelerating cheese ripening and production of
therapeutic bioactive peptides that provides, for example, appetite control in the reduction of
obesity are being developed. Micro encapsulation is an inclusion technique for entrapping a bio-
functional nutrient or bio-active compound such as probiotic bacteria, folic acid, omega fatty acid
and protease enzymes into a polymeric (gelled) matrix that may be coated by one or more semi-
permeable polymers, by virtue of which the encapsulated substance become more stable than the
free one. The aim of our investigation was to study the survival of micro encapsulated bacteria in
fermented dairy products and their release in the git and immune stimulating effects; stability,
release and therapeutic effects of micro encapsulated vitamins (folates) and the controlled release of
flavour enhancing enzymes to accelerate cheese ripening and to study proteolysis during cheese
ripening using reverse phase HPLC.

Materials and methods

Starter Cultures, folates and enzymes: The probiotic cultures were obtained from the CSIRO
starter collection, Australia. Commercial yoghurt cheese starter cultures were obtained from DSM
Food Specialties, Australia. L. casei Shirota was isolated from Yakult® dairy drink. Folic acid was
obtained from Roche Pty Ltd, and Flavourzyme, a fungal protease-peptidase complex was obtained
from Novozymes Pty Ltd, Australia. Micro-encapsulation: Encapsulation of probiotic bacteria was
performed with a UWS prototype encapsulator (Fig.5). Folic acid was encapsulated using an
alginate-pectin polymer mixture as described in Madziva et al. (2005)'(Fig 4). Flavourzyme was
encapsulated with alginate and coated with chitosan as reported in Kavya ef al. (2007)°. Yoghurt
Production: Several batches of yoghurts were made with probiotic cultures incorporated into
yoghurt mix in different states: free and encapsulated. The probiotic cultures were incorporated at
the same time as the yoghurt culture was added and ABT yoghurts (L. acidophilus, B. infantis and
S. thermophilus) were made. Yoghurt was prepared as described in Iyer and Kailasapathy (2005)°.

Cheddar Cheese Production: Several batches of Cheddar cheese were made with L. acidophilus
L10 and Bifidobacterium B94 added as free bacteria or encapsulated. Cheddar cheese was prepared
as described in Godward and Kailasapathy (2003)* with the probiotics added to the milk at the same
time as the starter cultures. Microencapsulated bacteria, flavourzyme and folates were added to the
cheese milk just before the addition of rennet. Enumeration of Probiotic Bacteria: The media
used for L. acidophilus and Bifidobacterium spp were MRS-salicin and MRS-LP respectively. For
cheese a medium based on Reinforced Clostridium Agar (RCA) with the addition of aniline blue
(0.3g L") and dicloxacillin (0.0002% w/v; and filter-sterilized) (RCAAD) was used for
Bifidobacteria and RCA with bromocresol green (0.004%) and clindamycin 0.1pug/ml (RCABC)
was used for L. acidophilus. Folate determination: Folate was measured by using the TECRA
enzyme-protein-binding assay with a plate reader (Madziva et al., 2005)". Flavourzyme assay:
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Flavourzyme protease-peptidase enzyme was assayed using L-leucine-p-nitoranilide as the substrate
and the change in absorbance was measured in a plate reader. Controlled Release of bacteria.
Equal numbers of free and encapsulated L. casei Shirota were incubated at 37°C in gut contents
taken from different areas of porcine gastrointestinal tract and samples taken at selected times and
assessed for the probiotic isolate. Immunomodulation. Mice were fed 50ug of encapsulated or free
L. casei Shirota culture (each~1.7 x 10® CFU) for 14 days and then animals were sacrificed and
tissues sampled for the cytokine IFN-y using ELISA kits. HPLC: Water soluble and insoluble
fractions of the ripening cheese were separately analysed by RP-HPLC and SDS-PAGE. Blood
homocysteine levels were measured by RP-HPLC using fluorescent thiol derivatives.

Results and discussion

The results showed that there were losses in the cell numbers of both free and encapsulated
probiotic bacteria in set yoghurt over a period of 7 weeks at 5°C (Fig.1). There was approximately 4
and 3 log cycle loss in number of cells of both free L. acidophilus and B. lactis respectively. The
encapsulated bacteria, however, showed only 2 log decrease in cell numbers. The low viability in
yoghurt is mainly attributed to the lower pH in yoghurt and further reduction of pH in yoghurt
during post-acidification. The results showed that encapsulation helps to protect cells from acidity
of yoghurt. In Cheddar cheese stored over six-months, there was a consistent decrease in cell counts
over the storage period, however the free bacteria decreased at a greater rate with both L.
acidophilus 110 and Bifidobacterium B94 falling to between 10° and 10°CFU/g after 6 months. In
contrast the encapsulated cultures decreased much more slowly remaining near or above 10’ over
this time period (Fig 2).
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These results suggest that encapsulation may be a valuable method for producing fermented dairy
foods that retain sufficient viable bacteria to be classified as probiotic using the suggested
standards. An important feature of micro-encapsulation is that it requires that the entrapped bacteria
be released in an appropriate area of the git. When porcine git contents were inoculated with L.
casei Shirota and the release of this organism from micro encapsulated beads was measured, it was
found that the organisms were in highest numbers and most rapidly released in the ileal contents
and in equal numbers, but more slowly in colonic digesta (Fig.3). In comparison there was little or
no release in other sites suggesting that the beads would release bacteria in the small bowel, with
most released by the time the digesta had reached the colon. When mice were inoculated with L.
casei Shirota and the ability of the cultures to stimulate the production of the cytokine IFN-y it was
found that the encapsulated cells performed as well or better than free cells.
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Fig 4 A simplified schematic illustration of micro encapsulation of folates
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Fig.3. Release of encapsulated bacteria in porcine intestinal contents. a) Lactobacillus casei Shirota; standard
deviation of mean (n=3). Symbols: a-lleum, b- Jejunum, c-Colon, d- Duodenum, e-stomach®

When different alginate polymer concentrations were used for micro encapsulating Flavourzyme
and hardening for 10 min in 0.1M calcium chloride solution containing 0.1M (w/v) chitosan, there
was no increase in the encapsulation efficiency of Flavourzyme on increasing the alginate
concentration beyond 1.6% (w/v). Coating of the hydro-gel capsules with polymers has been
shown to reduce the porosity of the capsules and enhance the retention of the load. However, when
the hydro-gel capsules were coated with alginate and poly-L-lysine, there was no improvement in
the enzyme encapsulation efficiency. These results showed that unlike previously published
encapsulation of proteases in liposomes, the encapsulation efficiency could be increased
significantly by using hydro-gels made with alginate and chitosan polymers, hence, a significantly
better method of delivery of proteases enzymes into the cheese matrix for accelerated cheese
ripening.
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Fig. 5. The UWS Prototype Encapsulator. Fig. 6. Effect of hyperhomocysteinemia in mice

It was expected that incorporating microencapsulated alginate-chitosan hydro-gel capsules
containing Flavourzyme at a rate of 1.38 units per g of protein into the cheese matrix, would
accelerate cheese ripening.
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Fig. 7. Insoluble and soluble nitrogen Fig. 8. HPLC of cheese peptide profile

There was an increase in soluble nitrogen as the ripening of cheese progressed (Fig.7) and this
corresponded with the decrease in insoluble nitrogen fractions. The HPLC chromatogram (Fig.8),
showed compared to the control cheese, encapsulated Flavourzyme treatment significantly
enhanced the cheese ripening as seen by the increased amount of peptides in the cheese and the
reduction of the casein quantity as cheese ripening proceeds to 70 days. When folic acid
(encapsulated with alginate-pectin and hardened in 0.IM calcium chloride solution) were
incorporated into cheese, encapsulated folic acid showed greater stability in Cheddar cheese over a
3 month ripening period compared to free folic acid (Honest et al., 2006)’. When hyper-
homocysteinemia (Fig.6) was induced in mice, free folic acid induced greater levels of hyper-
homocysteinemia compared to encapsulated folic acid. In all treatments, encapsulated folic acid
diet showed cumulatively lower homocysteine levels than free folic acid (p<0.05).

Conclusions
The study showed that micro-encapsulation would be an effective tool in the development of bio-
functional foods and processes.

References

1. Madziva, H. et al.(2005). Alginate-pectin microcapsules as a potential for folic acid delivery in foods. J.
Microencapsulation, 22(4): 343-351.

2. Kavya, A. et al. (2007). Microencapsulation of enzymes for potential application in acceleration of cheese
ripening. International Dairy Journal, 17, 79-86.

3. Iyer, C.et al. (2005). Effect of co-encapsulation of probiotics with prebiotics on increasing the viability of
encapsulated bacteria under in-vitro acidic and bile salt conditions and in yoghurt. J. Food Science, 70: 18-
23.

4. Godward, G. et. al. (2003). Viability and survival of free, encapsulated and co-encapsulated probiotic
bacteria in Cheddar cheese, Milchweissenschaft, 11/12: 624-627.

5. Kailasapathy, K (2006). Survival of free and encapsulated probiotic bacteria and their effect on the
sensory properties of yoghurt. LWT Food Science and Technology, 39: 1221-1227.

6. Iyer, C. et.al. (2006). Release studies of Lactobacillus casei strain shirota from chitosan coated alginate-
starch microcapsules in ex vivo porcine gastrointestinal contents. Letters in App. Microbiology, 41: 493-
497.

7. Madziva, H. et.al. (2006). Evaluation of alginate-pectin capsules in Cheddar cheese as a food carrier for
the delivery of folic acid. LWT Food Science and Technology, 39: 146-151.

XVth International Workshop on Bioencapsulation, Vienna, Au. Sept. 6-8, 2007 S3-1 4



	Introduction
	Materials and methods 

	Conclusions
	References


<<
  /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


