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The Reduction of Total Viable Count and Escherichia coli Contamination in Agricultural Raw Materials by
Using Oxidizing Agents combined with Vortex Washing Machine for Community Enterprise
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Abstract

Washing process of agricultural raw materials, especially finger root (Boesenbergia rotunda (L.) Mansf.)
and shallot (Allium ascalonicum L.), to reduce total viable count and Escherichia coli contamination using acidic
electrolyzed water (AcEW) and sodium hypochlorite solution (NaOCI) combined with a vortex washing machine for
community enterprise was studied. Only 0.08-0.70 log CFU/g of both microbial groups (finger root and shallot)
was reduced by the conventional washing process of community enterprise (soaking with tap water for 10 min).
Washing with 100 ppm AcEW and 100 ppm NaOCI at the ratio of raw material and wash water at 1:20 using vortex
washing machine could reduce total viable count on finger root as 0.4 and 1.0 log CFU/g, respectively. In the
same condition, the amount of E. coli was reduced as 1.9 and 1.8 log CFU/g, respectively. Total viable count and
E. coli on shallot were reduced 1.6 and 1.3-2.3 log CFU/g, respectively using the same condition. However,
using tap water combined with the vortex washing machine could reduce total viable count on finger root and
shallot only 0.1 and 0.8 log CFU/g, respectively and E. coli as 1.0 and 0.5 log CFU/g, respectively. Tap water
used after the washing process had high population of total viable count and E. coli of 5.3 and 5.9 log CFU/ml.
Thus, acidic electrolyzed water and sodium hypochlorite solution were shown to be the effective sanitizers in order
to inactivate microbial contamination of agricultural raw materials for community enterprises.
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Table 1  Effect of conventional washing with tap water for 10 min on the microbial reduction of raw materials

Cleaning process Microbial load (log CFU/g)
Raw material
(UnwaSh/WaSh) TVC Log reduction Y&M Log reduction E. coli Log reduction

Finger root unwash 8.18+0.07 7.16+£0.09 6.56+£0.12
0.08 0.20 0.43

wash 8.10+0.07 6.96+0.16 6.13+0.02

Shallot unwash 7.46+0.65 5.18+0.12 4.88+0.24
0.13 0.28 0.70

wash 7.3310.61 4.90+0.31 4.18+0.34

Lemongrass unwash 6.53+0.27 4.40+0.30 5.59+0.34
0.35 0.13 0.44

wash 6.18+0.44 4.27+0.31 5.15+£0.55

Dried chili unwash 6.43+0.47 4.97+0.03 4.31+0.48
0.18 0.18 0.70

wash 6.25+0.41 4.79+0.17 3.61£0.35

+ standard deviation of mean value by 3 replications
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Figure 1. Inactivation of microorganism on finger root and wash water by various washing condition with vortex

washing machine: (A) Total viable count and (B) Escherichia coli.
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Figure 2. Inactivation of microorganism on shallot and wash water by various washing condition with vortex

washing machine: (A) Total viable count and (B) Escherichia coli.




'

378 N174A97UIL % 49 a17ud 4 (MiAw) 2561 0. EAARFinEmT

ANTUNANITNANDY
FagAunsyang veNuas avla¥ uazwinuis JBNI0TaAUVETIENSU (Initial load) Aaudinags Tnaaniy

a o

fﬂﬂ'wéﬁmqﬁumzmﬂLL@W@NLW aeAARRILFATW (2552) 151’ﬁm:m°nummeﬁmmﬁuﬁﬂum%qmmmﬁww’?n
pune A WUt eauae waznssiien wunsthutiewresiafiass (2.34-6.10 log CFU/g) 38
wumfiize 1iun Staph. aureus (0.58-4.34 log CFU/g) ua% E. coli O157:H7 (0-4.67 log CFU/g) AINNANITAN
NIYTIBUATVANLAIAIY 100 ppm ACEW uaz 100 ppm NaOCI ﬁlwudwmmsm@mfiﬂmw,%@f-ﬁuﬁﬁﬂwﬁ@unﬂﬂ@juié’
annndmsdnadneindszih seilifasannnenlatilnaea (Hypochlorous acid: HOCI) SeagilugiBass TdlEsuatiy
TuanareInaeIy Lmzﬁqm’iﬁr‘lum?ﬁmt%@ (Disinfection) Inainsalalilmaadaly NaOCI waz AcEW Azl
Lé'ﬂﬁ:m’ﬁ@ﬁ e e umadizallstananadn uazioulsduesadunid (Campers and MacFeters, 1979; Wei et
al., 1985) uananilfianuseeudn AcEW mmmﬁm’mL%@f«gauw?ﬂ’u@:ﬂﬁuﬁﬁriaimﬁm °| iU L. monocytogenes
waz E. coli 0157:H7 ludnuazuald sandeginsalutlsgilanunslén (Park et al, 2009) HaganAREIALIENLT0S
Hao et al. (2015) Fnudnnnsld AcEW (68.35+0.53 ppm) A9ENTaAfAWAY (Fresh-cut cilantro) @13190a0
L%ﬂﬂﬁuw?‘ﬁﬁwm fafuaze uazuuaTEelus 1414 25 3.2 uas 2.1 log CFU/g ANNANAL uanannil Puligundia et
al. (2018) 95189 U371 230 ppm ACEW insdudeunionlad (Broccoli sprout) 111 20 Auni Lﬂié@ﬂ’]')?ﬁﬁﬁ@ﬂ
‘Emmmémﬁuw"&ffﬁwm waztiafuazaadld 1.4 uay 1.0 log CFU/g AMNAIAL  UAZEInLdn Seaunsntdostinene
mafiusnm uazlidsnasianuanifniasuadnianan Tiun AL UBsnnuansTueAnTiavan qw%rmﬁ?rﬁmfa%m
8@3% DPPH 1hana3aad uazdnwaismednutlsramduda weunBoufienfufesnailiimnisdng

d9Un19vnang
nsldunaianinsladaiinnsavizaansavaralanenlaliaaalsidmiursesdisinauaraiauuumig
anunsnnlssAnininlunisandnuumeqauvsdluitleuldgandnilenFuumeuiunszuoun1sdnaminanuarenn

o

a %’/ a | dld a a o dal, a o o d’l o a ° o
ARALLLUAIAN LLZ‘]ZLﬂuﬂﬁ‘z‘]_l’luﬂqiV]JJﬂix@V]ﬁﬂ’]WsLUﬂ’]‘j‘Vl’m’]ElL‘ﬁﬂ’ﬂ@uﬂiﬂﬂum@uluqﬁlq@‘].m’Nﬂ’]imEﬁ]ﬁ‘@’WMi‘Ll

a

ARMNATNTY

ANRUAN
2D o da/ Yo a < 1 P a Qo ' a o A
s ildfueutszanuatiuayuaniATeineeeAns LTI WIs WA (Aeu.) 1szdn] 2559

1aN&19819D9

FaThu thunu. 2552, fnﬁmLm%ﬁmu'ﬂauﬁﬂ“lumdi‘mmﬂmewmﬁﬂi@mm'ﬂwauw?ﬂ“lmwdwmiLLﬂigﬂfnw?ﬂrmLLmLL@:mTLﬁu
fnn. AneniwusiBoyonin. annanenduuauinu, Iauunu.

APHA. 2001. Compendium of Methods for the Microbiological Examination of Foods. /n F.P. and K.A. Ito. (Eds.). 4" Downes.
American Public Health Association, Washington D.C., USA.

Campers, K.C. and G.A. McFeters. 1979. Chlorine injury and enumeration of waterborne coliform bacteria. Applied and
Environmental Microbiology 37(3): 633-641.

Hao, J., H. Li, Y. Wan and H. Liu. 2015. Combined effect of acidic electrolyzed water (AcEW) and alkaline electrolyzed water (AIEW)
on the microbial reduction of fresh-cut cilantro. Food Control 50: 699-704.

Keskinen, L.A., A. Burke and B.A. Annous. 2009. Efficacy of chlorine, acidic electrolyzed water and aqueous chlorine dioxide
solutions to decontaminate Escherichia coli O157:H7 from lettuce leaves. International Journal of Food Microbiology
132:134-140.

Kim, C., Y.C. Hung and R.E. Brackett. 2000. Roles of oxidation reduction potential in electrolyzed oxidizing and chemically modified
water for the inactivation of food-related pathogens. Journal of Food Protection 63:19-24.

Park, E.J., E. Alexander, G.A. Taylor, R. Costa and D.H. Kang. 2009. The decontaminative effects of acidic electrolyzed water for
Escherichia coli O157:H7, Salmonella Typhimurium and Listeria monocytogenes on green onions and tomatoes with
differing organic demands. Food Microbiology (26) 386-390.

Puligundla, P., JW. Kim and C. Mok. 2018. Broccoli sprout washing with electrolyzed water: Effects on microbiological and
physicochemical characteristics. LWT - Food Science and Technology 92: 600-606.

Wei, C.I., D.L. Cook and J.R. Kirk. 1985. Use of chlorine compound in the food industry. Food Technology 39(1): 107-115.




<<
  /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


