STARCH IRRADIATION

TECHNICAL TIP #21

What is Starch?

Starch is a common bulk filler material used to improve the tactile
characteristics of texture and feel for many health and beauty aid
products such as in cosmetics, deodorants, hair conditioners, and
lotions. It is also used in the food industry in powdered food mixes
and in pharmaceuticals as an excipient fill substance. Due to the
organic nature of starch, it can support microbial growth, and
many contain a natural population of microorganisms (or
bioburden) of non-pathogenic and possibly even pathogenic
organisms; although the most common microorganisms are
yeasts and molds. In most cases, a manufacturer will purchase
bulk quantities of starch and store it for use over a long period
based on manufacturing demands. Storage time and
environmental conditions can also affect the bioburden due to the
nutritive characteristics of starch and favorable storage conditions
to foster microbial reproduction.

Some examples of common types of starch are: corn starch,
tapioca starch and starch copolymers (mixed with other bulk
powders). These starch related products are known by many
trade names depending on the manufacturer.

Starch and Radiation Treatment:

To ensure quality and safety of the end products, bulk starch is
frequently treated with radiation to reduce or eliminate microbial
contamination resulting in an extended shelf life or the salvage of
previously contaminated material. The radiation dose
determination required to reduce or eliminate the microbiological
contamination follows similar concepts and methodologies used in
the medical device industry for sterilization of medical products.
The dose required is directly related to the “bioburden”.

Bioburden can be defined as the total number or microorganisms
present and the types of organisms. Different organisms have
different levels of resistance to radiation. The model for dose
setting assumes that the bioburden is considered to be
homogenous throughout the material and the microbial population
will reduce logarithmically when exposed to increasing doses of
radiation based on the sensitivity of the organism to radiation. The
sensitivity of an organism is defined as a D1 Value, or the amount
of radiation required to reduce the microbial population by 90%. In
the medical industry this population reduction meets industry
standards for the definition of “sterile” resulting in the probability of
one non-sterile unit out of one million. In raw material irradiation,
such as starch, the irradiation goal is to achieve a net “zero”
microbial population. To achieve these levels requires selecting a
radiation exposure based upon the assumptions of bioburden
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resistance and the actual contamination level of the product
measured prior to irradiation by a qualified microbiology
laboratory. The pre-irradiation measurement of the microbial
population is commonly referred to as a “bioburden test” and is
performed on a representative sample of the product. The
recommended radiation level to apply to achieve the desired
probability of microbial reduction is then determined by applying
the results to industry standards.

Limiting Radiation Levels:

Irradiation effects on starch have been studied extensively, mainly
in food starches, to control pests. As a result, it is known that
higher levels of radiation can affect the polymer, creating
undesirable changes. Common effects include: depolymerization
(creating smaller polymer chains), change in solubility, pH change
in solution, discoloration, and changes in surface properties
(feeling sticky for example). As these characteristics are
undesirable, radiation exposures used to reduce the microbial
contamination levels should be as low as possible. These effects
can be examined in more detail by simply irradiating a small
volume of the material or product at higher radiation levels to
determine if the physical characteristics or product efficacy are
maintained.

Evaluating Starch Products for Irradiation:

Before recommending any radiation dose levels for irradiation, the
actual product of interest must be evaluated. Starch products
come in many forms, some are modified or cross-linked, therefore
post-irradiation behavior cannot be determined just by knowing it
is a starch. The end uses of the starch can also vary widely,
allowing for acceptance of higher doses for some purposes, and
rejecting these doses for others. The following criteria should be
considered when establishing minimum and maximum radiation
doses:

Minimum dose requirements; Bioburden levels and species
of concern

Initial evaluations should include a determination of the number of
microbial organisms and their species. This will allow estimation
of the D4q value, along with a population count. By using the D4
value, a radiation dose exposure can be calculated to provide the
reduction of organisms, as required. If only the bioburden
population (normally reported in the number of colony forming
units, or CFU) is known, an estimated radiation dose can still be
determined.



In some cases, a low population of organisms may have no effect
on the final product, although if the population reaches a certain
level, it could cause negative effects. Pre-screening the bioburden
of incoming raw materials, and establishing an action level for
radiation processing, may help to reduce the number of
processing steps and help to decide when the additional
irradiation expense could be justified.

Another method which may be used is to select an “overkill”
radiation dose and perform a USP sterility test post-irradiation as
release criteria. However, the supplier has to be cautious not to
use a “sterility” claim, as the US FDA considers “sterile” to be
proven by quantitatively knowing the reduction of the bioburden
population, which has not been performed by this method.

Overall, it is critical to understand that a sterile claim is not being
made with the processing of bulk starch, and the user should
consider the process as reducing the bioburden.

Suggestions for evaluating for maximum dose

It is recommended that products are always tested for material
effects at a maximum dose calculated from x times the minimum
dose (e.g. 1.5x minimum dose = maximum dose). Controlling the
maximum dose can be achieved by selecting the lowest minimum
dose acceptable and adjusting the maximum dose by
manipulation of the product in the irradiator.

Summary

Different types of starch are known to have different tolerances.
But some generalizations can be made:

1.
2.

Radiation exposure doses will likely be between 2-6 kGy

Cross-linked starches seem to tolerate radiation exposure the
best and may be able to run in the 5-15 kGy range

Radiation exposure doses over 10 kGy can darken the
product

Most common microbial contaminations are simple molds,
which require only an extremely low level of radiation to
provide lethality

Gram negative microbes are easier to eliminate than gram
positive microbes

Minimum radiation levels are determined from microbial
information (plate counts, gram stains, species identification)

Maximum radiation levels are based upon the product
characteristics, effects of irradiation on the final product and
efficacy of the product after irradiation

For more information, please contact:

STERIS Isomedix Services, Inc.
5960 Heisley Road

Mentor, Ohio 44060
877.783.7479
www.isomedix.com

TechTip 21: 03/10, Rev 1

STERIS

)i

Isomedix Services




<<

  /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



