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Bacteriocidal Effects of Ultraviolet Irradiation for Reducing Bovine Mastitis Derived
from Environmental Contamination

Dong Hyeok Kim", Jung Ju Lim", Jin Ju Lee", Hon§ Hee ]angl), Dong 11 ]angz), Seung Joo Lee”, Hu Jang Lee",
Won Gi Min", Sun Hong Kwon”, Sang Hun Kim”, Kwon Young Oh”’, Suk Kim"”" ("College of Veterinary
Medicine, Ggeongsang National University, “Department of Bio-Industrial and Machinery, Chungnam National
University, )Department of Bio-Industrial Machinery, Pusan National University, 4)College of Veterinary
Medicine, Chungnam National University, *Department of Agricultural Engineering, National Academy of
Agriculturral Science, Smnstitute of Agriculture and Life Science, Gyeongsang National University)

ABSTRACT: Bovine mastitis is an important disease causing serious economic loss in dairy production and
food poison in public health. The major causative agents of bovine mastitis include Escherichia coli (E. coli),
Streptococcus agalactiae (S. agalactiae), Staphylococcus aureus (S. aureus). These bacteria were found in
milk and environmental condition such as feces, water, soil and so on. Recently, many cases of mastitis are
derived from environmental contamination of micro-organisms, which important factors for the spread of this
disease in farm. Ultraviolet irradiation (UV) has been used as disinfection for waste and water in clinical and
industrial facilities. Moreover the UV inmadiation has been used as useful bactericidal agents to remove
bacterial biofilms in environmental condition. In this study, we determined the bacterial replication in different
percentage of water content (PWC) in sterilized saw dust and feces complexes from farm, and results showed
that slightly decreased growth pattem of E. coli and S. agalactiae but increased growth pattem of S. aureus
in various PWC (200, 400 and 600%) until 144 h incubation. In the bacteriocidal effect of UV imradiation to
bacteria in saw dust and feces complex, the results showed that bacteriocidal effect was depended on the UV
imadiation time, imadiation distance and PWC. Especially the antibacterial activity of UV imatiation is
stronger in low PWC (50%), long time imadiation (50 sec), and short distance (5 cm) than other condition of
this study. Furthermore UV imadiation with stining showed increased the bactericidal effect compared without
stining. These results suggested that bovine mastitis causing agents may survive long time in environmental
condition especially saw dust and feces complexes in farm and can cause a various disease including mastitis.
Moreover, these data can be used as basis for application and development of UV disinfection to control of
bovine mastitis from environmental contaminated bacteria in dairy farm.
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Fig. 1. The proliferation of bovine mastitis causing
agents in feces and saw dus complexes. Bovine mastitis
causing agents, (A) E. coli, (B) S. agalactiae and (C) S.
aureus were inoculated at various PWC (200, 400 or
600%) of feces and saw dust complexes. The bacteria
contained feces and saw dust complexes were incubated
at 37C for 24, 48, 72 and 144 h. After incubation,
bacterial viability was measured by CFU on plate
spreading and the rate of bacterial viability was
compared to 0 h as a control. The data represent the
mean + S.D. of triplicate experiments.
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Table 1. Bacteriocidal effect of UV radiation to bovine mastitis causing agents. The data represent the mean + S.D. of
triplicate experiments

Strains
E. coli S. agalactiae S. aureus

dlfﬁ;?ig“) 5 10 25 5 10 25 5 10 25
. 12 55¢14.127 76x157 1032772 47+1352°  67+15.02 72+154 301336 3714527 75:24.18
135‘8]5 25 55+19.12" 73x1547  74+18.55 42+13.15 444133  61x1457 35+1252° 311433 36155
50 31x12.327 724154 52+13.97 39+12.92"  44x13317 56+14.23 9+ 408" 13x 653 23x12.36
12 69+15.17  81+24.83 904275 67+15.02 761573 80+27.89 10442436 104+2558 108+26.23
11)(‘)/(\)7% 25 38+12.85 662495 874262 70+1825  78+15.85 8642645 97+2552 9942451 101+27.09
50 331247 76%15.7 80+ 8.8 67+17.02  76+1573 80£27.89 912552 87+2336 101+27.58
12 724154 9112682 8242615 66+1495 7041525 8522637 882444 99+2458 10122588
;’8’% 25 49+13.67" 662495 7542562 53+13.97 67+15.02 7541562 8042448 9042455 962453
50 47+1352" 81%26.07  61%13.05 51x13.82° 58+14.35 701525 69+23.51  83+24.04  98+24.52
12 63+25 7342432 8642563 66x17.52 6541532 8522758 802552 852536 104227.25
Zgg& 25 52+17.87"  64+26.7 80+25.92 71x16.24  76x16.35 84+27.78  79+26.32 8042658 104+27.45
50 45+1557" 53+15.5 79+14.17 66+1524  77+17.78 8042685 862582 101+2623  93x27.88
12 4221237 66%23.32  75#254 9742395  99+23.64 10842396 8542392 114+23.63 1102397
gggg 25 48+12.217 84+255 89+162 942383  100+23.72 1032412 95+23.88 108+23.72  91+24.12
50 4241237 66%2332  75+154  66+24.88 8942522 10142357 9242432 9042522 9242352

* ; percentage of water content (PWC)

** ; represents significant at P<0.01 compared with

no-treatment UV as a control.
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Table 2. Bacteriocidal effect of UV radiation with stirring to bovine mastitis causing agents. The data represent the mean

+ S.D. of triplicate experiments

Strains
E. coli S. agalactiae S. aureus
difﬁ;?:éz?) 5 10 25 5 10 25 5 10 25
) 12 19+ 8427 25+11.87° 56+142  35¢12.62° 51x13.82° 59+1442 58+11.51 832238  82+23.57
I;‘gf 25 19+ 7427 25+11.87° 50+13.75  16+1129° 4241315  54+14.05 53+1223" 71+1157 93+24.48
50 13+ 697" 38+12.85 25+11.87° 9+ 333" 261448 50+13.75 32+122" 54+1233" 49+13.33
12 24+11.8" 38+12.85 48+13.6 7241742 74+1555 8242615 50+1251° 62+13.58  91+15.08
fgg& 25 14+ 605" 31+12.32" 40+1335 5241395 62+14.65 8122607 72+1354 50+1354  62+23.84
50 10+ 575" 404135  57+1427 49+13.67 53+1397  55+145  38+13.65 97+1228  79+15.5
12 27+12.02" 38+12.85 48+13.32" 66+14.95 701525 85+26.37 66x1298 83x1569 89+11.58
gggf/z 25 25+11.87" 36+12.7° 39+12.92" 53+13.97 671502 75%15.62 521225 59+12.55 74%13.53
50 21+11.57" 3441255  29+12.17  51+13.82" 581435 70£1525 361436 46+12.28" 53x13.33"
12 42113547 5241226  56+13.64 631549 6441568 842429 47+1518" 60+1527 75+14.44
iggoi 25 33+13217 50+13.36° 542127 63%1532 67+15.69 68+1515 47+15.05  59+15.08 77+15.22
50 27+12 37+12.87  53+12.6" 52+1425° 5441444 6421573 49+14.25 631485 71£15.22
12 21+12.34" 46+1523"7 70+13.78 85+2344 90+23.84 9643247 82+23.44 96+23.84  98+13.47
ggg% 25 4421365  60+1555 76+1638 571336 8642429  85+23.69 78+2332 80+24.24  90+23.66
50 35414447 60+14.68 801565 5741336 8622429  85+24.82 60+13.55 68+1452  89+13.13
* ; percentage of water content (PWC)
** ; represents significant at P<0.01 compared with no-treatment UV as a control.
Ak FAo| Fasgt Ao, O-H, N-H 2% ohd gl AF Al ZAFRE BoF St W s aNkshke Aol wRk
DNAS 725 fAlsh=tl 2549 Ago| P, g A o= AR 0 FAE Yk Ae gl & 3l
o] FETF Al Matso] sk A Aol & Ak ghA, o)) AetEe Fpdo] eSS, AT
of Frpeh w 71 "rgo] WAl el ue}t Asol At o] A=, ATt T U Tk A gR1E
= Aow 2AAY?, o] 492 Euw B FFLS E AT 2 AFS Bl A& s, ARIREL 2AE, 1
coli, S. agalactise 2 S. aureus®] F2o| A& 71X)A] ¢ HE oo dist A= 37 78, 53] 2 78 24
© s AT QIdek ok, A9 e] AR ol Tl 0o S st 3w zpelad Aetr)e] Agol 7h
gk Ares T Ale A QUdeh ARl e] AL S FlolH, el A& 719 A T2 7% A}
T @FEo] WErs, ARRIe] AFE, A s AE SEA &84 Floltk
o] A7t 7kEE Ao SUEE AE ERIEgon,
olelst Ai}s ErfZ oS o] &gt SARY it W i ZAR| 2
o] &% Al ARt 2 &% &8 SUE T 5 s Aot
& A 200795 SHpAAETE] SRS
* % A - R e fleh S/ B AR AL
g e Adn & A5l
E. coli, S. agalactiae, S. aureus= 4249 FH9S %
ke T2 gRldsoltt o] FE2 w1 =2 ol EAI) =6
H, AE A oS v AR AHE etk Ao
mA|ZA] ofu] ARIAl 9 S s Al A 27| W Eo At 1. Watts, J. L. (1988) Etiological agents of bovine
of AFHIL glorw AePdE o] gsto] 2Al] U & mastitis. Vet. Microbiol., 16, 41-66
AR BAehs A9 AaAs ASsith e dE 2. Leclerc, H., Mossel, D. A., Edberg, S. C., Struijk,
A | G wIAA] Gk, 1444 C. B. (2001) Advances in the bacteriology of the

F09 o) F4
2k ole] PARE ] FF5EE B STk AoA %

O

Coliform Group: Their suitability as markers of




440 A8 - AT - o]AF - T3 - AFd - oleF - o] - WYY - FEE - AT - 289 - P 4
microbial water safety. Ann. Rev. Microbiol., 55, 13. Wilson, M. (1994) Bactericidal effect of laser light

10.

11.

12.

201-234.

. Tallon, P., Magajna, B., Lofronco, C., Leung, K. T.

(2005) Microbial indicators of faecal contamination
in water: A current perspective. Water Air Soil
Pollut., 166,139-166.

. Van, Houdt R., Michiels, C. W. (2005) Role of

bacterial cell surface structures in Escherichia coli
biofilm formation. Res. Microbiol., 156, 626-633.

. Fox, L. K., Gershman, M., Hancock, D. D., Hutton,

C. T. (1991) Fomites and reservoirs of Staphylococcus
aureus causing intramammary infections as determined
by phage typing: the effect of milking time hygiene
practices. Cornell Vet., 81, 183-193.

. Zadoks, R. N., Tikofsky, L. L., Boor, K. J. (2005)

Ribotyping of Streptococcus uberis from a dairy's
environment, bovine feces and milk. Vet. Microbiol.,
30;109(3-4), 257-65.

. Hogan, J. S.,, Gonzalez, R. N.,, Harmon, R. ],

Nickerson, S. C., Oliver S. P., Pankey, J. W,
Smith, K. L. (1999) Laboratory Handbook on Bovine
Mastitis, National Mastitis Council, Inc., Madison,
Wisconsin, USA.

. Koneman, E. W., Allen, S. D., Dowell, V. R,

Sommer, H. M. (1983) The Enterobacteriaceae, in:
Color Atlas and Textbook of Diagnostic Microbiology,
J.B. Lippincott Company, New York, New York,
USA, pp. 57-124.

. Joe, H,, K,, Larry. S. (2003) Coliform mastitis. Vet.

Res., 507-519.

Pore, R. S., Barnett, E. A., Barnes, Jr. W. C., Walker,
J.D. (1983) Prototheca ecology. Mycopathologia, 81,
49-62.

Pore, R. S, Shahan, T. A. (1988) Prototheca zopfii:
natural, transient, occurrence in pigs and rats.
Mycopathologia, 101, 85-8.

Decho, A. W. (2000) Microbial biofilms in intertidal
systems: An overview. Cont. Shelf. Res., 20, 1257~
1273.

14.

15.

16.

17.

18.

19.

20.

21.

22.

and its potential use in the treatment of
plaque-related diseases. Int. Dent. J., 44, 181-189.
Nandakumar, K., Keeler, W., Schraft, H., Leung,
K. T. (2006) Visible laser and UVA radiation
impact on a PNP degrading Moraxella strain and
its rpoS mutant. Biotechnol. Bioeng., 94, 793-802.
Hamblin, M. R., Viveiros, J., Yang, C., Ahmadi,
A., Ganz, R. A., Tolkoff, M. ]J. (2005) Helicobacter
pylori accumulates photoactive porphyrins and is
killed by visible light. Antimicrob. Agents Chemother.,
49, 2822-2827.

Giannini, M. S. H. (1986) Suppression of pathogenesis
in cutaneous Leishmaniasis by UV radiation.
Infect. Immun. 51, 838-843.

Mirando, W. S, Shiratsuchi, H., Tubesing, K,
Toba, H., Ellner, J. J., Elmets, C. A. (1992) Ultraviolet-
irradiated monocytes efficiently inhibit the intracellular
replication of Mycobacterium avium intracellulare. J.
Clin. Invest., 89(4), 1282-7

Katara, G., Hemvani, N., Chitnis, S., Chitnis, V.,
Chitnis, D. S. (2008) Surface disinfection by exposure
to germicidal UV light. Indian J. Med. Microbiol.,
26(3), 241-242.

Hijnen, W. A., Beerendonk, E. F., Medema, G. ]J.
(2006)
viruses, bacteria and protozoan (oo)cysts in water:
a review. Water Res., 40(1), 3-22.

Lodish, H., Baltimore, D., Berk, A., Zipursky, S.
L., Matsudaira, P., Darnell, J. (1995) Molecular cell
biology. New York, NY: Scientific American Books,
Inc., p 1344.

Becker, W. M., Klleinsmith, L. J., Hardin, J. (2003)
The world of the cell. San Francisco, CA: Benjamin

Inactivation credit of UV radiation for

Cummings, p 802.

Natasha, V., Werden, ]J. K., Kanavilli, N., Kam, T.
L. (2008) The Bactericidal Effect of Ultraviolet and
Visible Light on Escherichia coli. Biotechnol. Bioeng.,
99(3), 550-6.





<<
  /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


