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Inactivation effects of the silver electrode high voltage pulse (Ag-PEF) system on 3 kinds of microorganisms,
Staphylococcus aureus, Aspergillus niger spore, and Saccharomyces cerevisiae were studied. Ag-PEF system
significantly decreased survival ratio of each microorganism. In case of 7 kV Ag-PEF treatment was applied to each
microorganism, no colony formation of S. aureus, A. niger and S. cerevisiae was observed after 5, 7.5 and 1.25 min
treatment, respectively. Moreover, the inactivation effect of the Ag-PEF system on the mixture solution of 3
microorganisms above and Escherichia coli was confirmed. In addition, the comparison of inactivation effects with
Ag-PEF and PEF in the presence of silver nitrate instillation had shown that Ag-PEF exhibits synergistic

microorganism inactivation effect.
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Fig. 1 Pulsed electric field (PEF) wave form
of (a) stainless steel wire or (b) silver wire as
the high voltage electrode.
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Fig. 2 Schematic diagram of PEF treatment system.
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Fig. 3 Time courses of S. aureus survival ratios during various
voltage PEF treatments with (a) stainless steel wire or (b)
silver wire as the high voltage electrode. Values are means +
S.E. (n>4).
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Fig. 4 Time courses of A. miger survival ratios during various

voltage PEF treatments with (a) stainless steel wire or (b) silver wire

as the high voltage electrode. Values are means + S.E. (n>4).
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Fig. 5 Time courses of S. cerevisiae survival ratios during
various voltage PEF treatment with (a) stainless steel wire or (b)
silver wire as the high voltage electrode. Values are means +
S.E.(n>4).



PRFEMR 2 W o BV AR B HE OFE 2 ORI 0 NEMELR (FELh D)

HET RUKE LD HORMMEZ A LTV D b 00 FEEE
RO BIX TRV TIEREICKE RARIEHARIBIRF & 5.
PEF AWRIZ 1 5 NG R OB L 573 oY+ X
DREWVZEBEC DD EENREL 2D, BRHENIZ Y
RFLRDEDTHDEBEZ LN TN, ARIOZRICE
WTBEERE (5-10 pm), KIBE (172 pm), G FUERE
(I um) IZ2WTIE, ZOHA XK E NG ERTEE LR
BREL 25TV, L, Bavdheias Sum) I
SWTITRIFE LD REWVIC Db BT, TR 2R
L7z, Zhud, 7 ERFOIGIRAIRFEN T2, KEod
HIEETHDH T E BB X HLILDHM, PEF UL L 5 H ekt

TLOMROMAIT D2, BHROE LRDRRIPMETHD.

SR L DAEMRIEHALA B =X D12 LT, Hgk
ROBEE L ORI E WV IMEMOERITEZILET D L5 X
SNTWADY. —J5 PEF QU3 A Y O MRS &I 5 ¥
EHRET L LEZ LN TWASY. L72A > T Ag-PEF AL R
D TRE e R L RA RT OIXEROUEH & PEF (2 X AH
Ha N~ EL Y AT EHE S [FIREC L 2 2 72 D ISANTE LD A
REWEHERISND.

32 ERFRORAGREICHT FEHELLSHRE

Ag-PEF WUELSHIER & &0 CTHER:, RIGE, He7 FUER

B, Ba v b elRFONEICAZ TH D Z LAVRIS Tz,

OTIZINGERA LIZIRETY Ag-PEF N LAAZTH
5T LEMERT D10 4 EREOIRBAEKICIIL 7 kV O
Ag-PEF QUR AT, H—EHRIZxd % Ag-PEF JLE(7 kV)
TE, BERE, KIBEE, #E7 FUskE, Boaooh el
F3F 1.25 min, 2.5 min, 3.75 min, 7.5 min DL EOXLEREE

M CEREH Bz ar =—Fan R ohe < 22o7- (K 6(a)) .

—, IRGHEIRCIIEER, KB, HE7 FUKE, Bav
UAETETIFENEIL1.25 min, 3.75 min, 7.5 min, 10 min
DL b & BE—RARIC b, JERERM EoDa v =— RS b i
2 DT TNICEWVBERRI AL Ch > 7203, [FIRE
REH e R ST (K 6(b)). F7z, Ag-PEF UL
ANEHA LR RITE AT FUKRE LD bEERHI LTREW
7o PH—THIROEGE L [FRROMEMZ R LT, 2L OfESR &
Y Ag-PEF AWFE, SZREOEDOIRASIRIET S IRINHT AT O/
ENEM L TEDAHRTFIETHD Z L R I NI,
TEHEALRI NS T o iR & LT, A RIDOFERRT
VHALPRIR - D AIFE B ORBEDNRA BR CIEHE—BERE Y b
LV ERRNEMENRICE LI LB NS, — i
BRI EEIC Db BT, T L= ARUTHEVARTR
PR IIZE L U722, Ag-PEF WU TR OARTEMELIZ

12 PEF (2 L BEMRITNZ, RH OB LT\ bH728,

BIREDHINT 2 & —Mlad 72 ) OFIRENMET LAETE
{BHEDERTNEZD LEADND. £, MEPGRETITR

85(39)

D HALAR Ag-PEF MHORIEMAbRAEE LT, B—E,
EABIRICED O P & & bICAERROBDERKE L
7o DEMNBIEE I NI, TAUTALBRRF & & I o
Ag WEN ERT25Z LITER L THNDOTIERWNE B
ns.
3.3 Ag-PEF 032 L FHEEIRIAR & OREMHL SRR
Ag-PEF JUHRRIRH OSRE A RPE LTz & 25, HUMEH
WZEEB L CHEBRAIZEEI L TR Y, Ziux7 7 77 —DiER
WZEBT BN, Fio, MRS LR IEEEXT
HEROWH B LITER SN2 h o7, Ag-PEF ABHD
FIN 2 F =N THROBHIEDN L ED 1 V2D
720 OFEMEIH ORI, BRECV 2RI 777
—DIEANC X W FHET 5 2 L TE, AEETH OMRREZ L
LUV AEFNBERD D Z LN TE D, ZOREEZHRE
T 5 &, 7KV Ag-PEF WUERIRF DTG SR B F2 I F B s
D 30%REDETH -T2, DI L h 5 Ag-PEF LLELZR
TR TOZ R NLF —=NEXUFIROSHEE ST
RWETRIRENTZ. £ T, ZOREABZ WL DI
SRR A FRIE OB L% 50% & 70 B & 5 SBRBREE TR SR
TL, Ag-PEF WLHL ¥t~ R UEREOAH LR A ik L
7o, FREBRRROMIRE OB E K TR T. AHERERIE L
i (AgNO;), MEEERIE TR 2 5 o L 2% Hi PEF ALPR
(AgNO;+7kV) &b TEOIRBENHER TS/, HAT N
1

—10" 1
)
107 -
s
é 1073 (a) -
®  Ani
"o P
-3 L 1 L 1
109 10 20

Treatment time [min]

<
§ -
E
£ ® -
) ® Ani
A Saueus |
B E.coli
-5 1 1
100 10 20

Treatment time [min]
6 7 kV Ag-PEF WHEIC X %A RERE L0 EFER 7
o (a) H—HTE, (b) REIRAE
Fig. 6 Time courses of each microorganism survival ratios
during 7 kV Ag-PEF treatment. (a) Suspensions of pure
microorganism and (b) 4 kinds microorganism mixture were
treated, respectively. Values are means + S.E. (n > 4).
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Fig. 7 A silver nitrate solution dripping examination. (a) Time
courses of silver concentration and (b) S. aureus survival ratios.
Values are means + S.E. (n>4).
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DAREHALTIETH D Z ENFFETE .

SE X
) AARTZEEMEGRASTR « HUEin L5 — Fptaiiy
e PUREZNE: (JIS Z2801:2000), p.2, HAMRK TS (2000)

2) HAARITEFEERESHRE 2 OEFERRFE IS
72911:2000)] ,p.2, HABHEHS (2000)

3) ERIEZ  TESOIFMBEEICH AN RT > 7, .17,
YA T AT F—F L (2001).

4) U. Zimmermann: Biochim. Biophys. Acta, 694 (1982) 227

5) S.E Aguilar-Rosas, M.L. Ballinas-Casarrubias, G.V. Nevarez-
Moorillon, O. Martin-Belloso and E. Ortega-Rivas: J. Food
Eng., 83 (2007) 41

6) P.Nguyen and G.S. Mittal: Chem. Eng. Process., 46 (2007) 360

7) N. Lopez, E. Puértolas, S. Condén, L. Alvarez and J. Raso:
Innovative Food Sci. Emerging Technol., 9 (2008) 477

8) ALEEE, BIAGEN T, EHEER, KBFS, FHEES:
A AR T3E, 8 (2007) 139

9) N. Dutreux, S. Notermans, M.M. Gongora-Nieto, G.V.
Barbosa-Canovas and B.G. Swanson: Int. J. Food Microbiol.,
60 (2000) 147

10) T. Ohshima, K. Sato, H. Terauchi and M. Sato: J. Electrostat.,
42 (1997) 159

11) L Yoshino, T. Ohshima, S. Sato, and M. Sato: H ANE i T8
5, 10 (2009) 23

12) =REE AL DB, 24 (1996) 509

13) M. Chen, L. Yan, H. He, Q. Chang, Y. Yu and J. Qu: J.
Inorganic Biochem., 101 (2007) 817

14) Q. L. Feng, J. Wu, G. Q. Chen, F. Z. Cui, T. N. Kim and J. O.
Kim: J. Biomed. Material. Res., 52 (2000) 662

15) ELEE, AT, WHEE, [WNEET, FHrE
BHEERAT, 22 (1994) 531

16) VEfEIEZ: B AR T553E, 8(2007) 191

17) M. Sato, N.M. Ishida, A.T. Sugiarto, T. Ohshima and H.
Taniguchi: IEEE Trans. Ind. Appl., 37 (2001) 1646

18) G.A. Evrendilekl, Q.H. Zhang and E.R. Richter: Biosyst. Eng.,
87 (2004) 137

19) G. Donsi, G. Ferrari and G. Pataro: J. Food Eng. 78 (2007) 784

20) N. Simonetti, G. Simonetti, F. Bougnol, M. Scalzo: Appl.
Environ. Microbiol., 58 (1992) 3834

Ju—




<<
  /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


