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lnfluenceofUltravioletlrradiationonSporesofObligateAnaerobes  

CausingFlatSourSpoilageofCaruledDrinks＊  

AkⅡ1ikoNAKAYAMAandRiekoSHINYA  

INTRODUCTION   

Previouspapersl－4）havedescribedanewtypeof鮎tsourspodage（0・A・鮎tsourspodage）in  
commercialcannedcoffee andsh［ruhowhichwerekepthotinvendingmachines，anditwasre－  

portedtha・t theheatresistanceoftheca・uSativebacteriaissohighthattheconventionalheating  

processisinsufncienttosteraizethecaLnnedddnks．sugar，Whichisthe0ulycommonlngredient  
usedinbothcannedcoffeeandshtTuho，ismoststronglysuspectedasasourceofthecausative  
bacteria4）．   

Therefore，OnePOSSibleapproachfoPreVen［0・A．鮎tsourspohgelspreviousster迅izationof  
thesugarbysomemeansotherthanthermalprocesses・ForthispufPOSe，ultraviolet（UV）imdia－  

tionseemstobetheonlyconvenientandeffectivemethod．Inthispaper，theuvresistanceand  
theeffbctsofUVirradiationon血eheatresistanceofthesporesarereported・  

Tablel．Characteris【ics oftheStrains  

StTainNo．  24－1  13・1  26－11  27・8  28・3  28・4  

Origin  Canned coffee Canned coffee Cannedsf7ErtLko  

（ma皿hcturer）  
（B）   （F）   （J）  tJ）   （K）   （K）  

Heatresi5【弧Ce（Dlユ。）  25  5・6  23  25  46  7,2 
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＊ANewTypeofFlatSoufSpoua・ge－Ⅳ・  

注 本論文は日本食品衛生学会の好意により，食品衛生雑誌・第22巻第5号掲載論文を転載したものである。   
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MATERIALS AND METHODS   

Microorga皿kms   

The bacteria testedwere the sixisolates（strainNos．24－1，13－1，26－11，27－8，28－3and28－4）  

obtainedasthecausativebacteriaofo．A．鮎tsourspo辻ge・StrainNos・24－1and13－1wereisolated  

丘omspoiledcannedcoffeesamples丘ommanufacturersBandF，reSPeCtively2）・StrainNos・26－11  

and27－8wereisolated丘omspo辻edcaLnnedcofftesamplesfrommanufacturerJ3）・StrainNos・  
28－3and284wereisolatedfromspo姐edcaLlnedShfTykosimPlesfromm肌ufacturerK4）・The  
prlnCipalcharacterisdcsofthestrainsareshowninTablel・   

Bacillussubttlis3610（ATCC6051）wasusedasastandardincomparingtheUVresistanceand  
heat resis一礼nCe Ofthese strains．The strainwas obtainedfromprof．HajimeKadota，Facultyof  
A許iculmre，KγOtOUniversl亡y・   

Preparationofsporesuspensions   

Sporesuspensionswerepreparedbythemethoddescribedinthepreviouspaper2）exceptfor  
βd亡fJJ以∫∫レあffJk．   

BaciLlussub（itiswasgrownat350conthestandardmethodagar（SMA）5）．sporeswerehamst－  
edafter4daysofincubationandsuspendedinsterdedeionizedwaterofthesamevolumeasthe  
medium・ThesuspensionwaswashedaLndtreatedbythemethoddescribedpreviously2）without  
heattreatment．  

UVi∫radiati¢n   

TheuV－1ightsourceusedwasagermicidallaLmP（HitachiGし15，15W）emitthgpredominandy  

2537Åradiation．Dose rates were measured withaTopconUVR－254UVradiometer（TOKYO  

KOGAKUKIKAlCo．，Ltd．）．   

Aliquots（2mleach）ofthesporesuspensionswereimdiatedina9・5－CmPetridishatadoserate  

of4000r500pW／cm2・DuringUVirradiation，thePetridishwasrotatedslowlytoensureuniform  
kradiadon．  

Heatimg   

The spores ofthestrains causingO・A・鮎tsourspoila・geimdiatedas describedabovewere  

heatedat120±0・10cbythemethoddescribedpreviously2）・   

The spores ofBacilhsstLbtitiswereheatedat90T95andlOOOcbythemethoddescribed  
previously2）・   

DeterminadonofmⅣkors   

ThesixstrainscausingO・A・natSOurSPOilagewereimdiatedandheatedfordesiredperiods，  
thenthenumbersofsurvivorsweredetermiJledbァtheMPNmethodwithmTGC6）；inthecase  
ofBacEtlussubtilLsthenumbersofsurvivorsweredeterrninedbythepour－PlatemethodwithsMA・  
ThemTGCwasincubatedat550cforlOdaysandtheSMAwasincubatedat35OcforlOdays・  

RESULTS AND DISCUSSION   

CTV resistance 

UV survivalcuⅣeS Ofthe6strainscausingOLA・flatsourspo辻ageareshowninFig・1・From   
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Fig・1・UVSurvivalCurvesforSporesoEtheSixStrainsCausingO・A・Fla【SourSpoilage  
NumeralsareDuvvalues．   
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theseUVsurvivalcurves、theDuvvalues，WhichaLedefinedastheuvdosesrequiredtoreduce血e  
rlumbersofsurvivorstoone－tenthoftheoriginalpopulations，Weredetermined・TheDuvvalues  
rangedfrom1300to2600ergs／mm2・Thesevaluesarenotespecia11yhighascomparedtothe  
knownvaluesforotherspores7）andthevalueforthesporesofBacllhLSSubtitLs（1100ergs／mm2）  

obtainedbythesamernethod（Fig・2）・However．theheatresistanceofthesporesofBaclllus  

stLbtiliswasverylow・TheDvaluesatlOO，95and900c（Dl00，D95andD90）wereO・4、0・9and  
6・5，reSPeCtively，aSShowninFig・3・Itisconsideredtha（・eS血atingfromthezィahe（8・3Oc），  
血esev山eswerel／8600－1／710000f血oseof血esporeso一山esiズStrai瓜  
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F短．3．Heat・SurVivalCurvesaJldThermalDestruCtion  

CurvehrSporesof助ciル＝＝bf〃k  
A．HeaトSuryivalctlrVeS：  

疇＜＞－，heatedat900c；  
一也ーーーーー，heat亡dat950c；  

・0，heatedatlOOコc．  
B．Thermaldestructioncurve．  

Table2．HeatResis【an⊂eandUVResis【ance  

H⊂e  ie  
S江ainNo・   

25   

5．6   

23  

25   

46  

22  

0．4■2  
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1100  

24－1  

13＿1  

26－11  

27－8  

28－3  

28－4   

血⊂〟J机＝皿b摘心  

＊1UVdoserequired亡Oredu亡e血enumbモーOrthesur扇vorstoone－tenthofthe  
m・   

＊2   
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TheDvaluesat120Cc（D120）reportedpreviously2－4）andtheD。VValuesforthesporesofthe  
StrainsaresummarizedinTable2・TheD120ValueforthesporesofstrainNo・28－3was8．2times  

lafgerthanthatforthesporesofstrainNo・13－1・However，StrainNo・28－3showedaDuvviluel・8  

timesthatofstrainNo・13－1・Moreover，theD120ValueforthesporesofstrainNo・28－3wasabout  
40000t血esthatforthesporesofBacLthssu♭tEtL”SeStimatedfromthez－Ⅴalue．However，Strain  

No・28－3showedaDuvvalueonly2・2dmesgreaterthandlatOfBacflhLSSubttlis・   

These resultsindicatethatthereisnorelationbetween theuvresistanceandtheheatresist＿  

anceofthesespores，弧dthat，unliketheheatresistance，theUVresistanceofthese6strainsisnot  

especi迅ア最gh．   

ヱ鮎ctsofUVirradiationonheatresistance   

Heatsurvivalcurvesforthesporesimdiatedatthedoserateof500JIW／cm2for30，60and90  
SeCareShownhFigs・4，5，6，7，8and9・Inthefigures、eaChsymbolisthemeanvalueofthedata  

Obtainedinduplicateexperiments・ThedifferencesbetweentheDlヱOValuesforthesporesofsome  

strainsandthoseforthesporesofthesameStrainsglVeninthepreviouspaper2－4）andinTablesl  

and2areduetothefic亡thatsporesofdifferentbatcheswereused・   

TheD120ValueforthesporesofstrainNo・24－1was25－andtheD120Valuesforthespores  
imdiatedfor30、60and90secwere17，19aLld17，reSPeCtively（Fig．4）．Theresultssuggestthat，  
intherangeofUVdoseused，theD120Valuesweredecreasedto70％oftheori塵nal］evelsbythe  

UVimdiation・However，nOSiglincantchangeswereobservedwithchangeoftheUVdose・  

6
 
 

6
 
 

5
 
 

2
 
 

3
 
 

4
 
 

（
箸
こ
Ⅵ
旨
＞
て
J
コ
S
 
 

2
 
 

4
．
3
 
 

（
ぎ
ニ
s
J
2
て
u
コ
S
 
 

0  10  20  30   

Time of heat；ng at1200C（min）  
Time of heating at1200c（min）  

Fig．5．E脆ctsorUVIrradkdonomtheHeユー  
Resis亡anceofStrahNo．13＿1  

Sporesu5pemSiollSWereirradiateda【  
500〟WJ⊂m2払rOse亡（亡On【rOl，－○－）．  

hr30sec（「△－），ゎー60sec（－｛ト），  
andねr90sec（－○－），andsu匝cted  
（OheattTeatmentSat120Oc．  
Nul－－erdson血eplo【SareDl＝Vdues・   

Fig．4，王穐⊂tSOrUVIrradiユーionontheHea【  
Resi5tanCeOfStほinN0．24－1  

SporesじSpenSionswereirradiateda【  
50叫w／cmユhrOsec（亡OntrOl，一0－）．  
払r30se亡（「む－），rOr60sec（■コー），  

andfbr90sec卜○・・・）．andsu句ected  

to heattreatmen【at1200c．  
Numeralsontheplotsa∫eDlつ。Vdues．  
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Time of heating at1200C（min）  Tin】eOrheating at1200c（min）   

Fig．6．王亀亡【SO一肌kradiationontheHeユー  
Resi5tanCeOrS汀扇n No．2（i－11  

Spor¢S鮎penSionswereirradiatedat  
500〃W／cmユねrOse⊂（亡OntTOl，一D－），  

丘汀30se亡卜△－）、hr60sec（一口ー），  
andfor90sec（一◇－），andsu句ected  

toheat【rea【men【at120ロc．  
Nu皿eralson血eplotsa∫eDl】。Ⅴ山es・  

Fig．7．王f丘c【OfUVlrradiationon血eHe且t  
ResistanceorStr正nNo．27・8  

Spore suspensions were irradiated ar 
500IIW／亡m壬ねrOsec（con亡rOl，－○－），  
hr30sec（・「△→），hr60sec（一口ー），  

andror90sec（一○－），叩ds叫ected  
【Otlea【打eatment5at1200c．  
Numeralsontheplo亡Sa∫eDlユ。Values．  

Time ofheating at120■C（min）   

Fig．き Ef長c【SOrWhadiationontheHeat  
ResistanceofS【raimNo．28・3  

Sporesu5pⅢSionswerei∫radiatedat  
50叫w／cmユねrOsec（control，－○－），  
わr30sec（「ト），ねr605e亡卜｛ト），  
1ndfor90sec卜○－）．andsubje亡ted  
【oIleattreまtmen【a【1200c．  
Numera150nlheplotsa∫eDl】。Values・  

Fig．9．E穐亡【SOfUVlrradiationontheHeat  
Resistance orStrain No．2昌一4  

Spore suspensions were irradiated at 
500メJW／cmユねrOsec（contTOl，一○－），  

hr30se亡（「△－），わr60sec（廿），  
and払r90sec卜◇・・・），1ndsu叫ected  

toheattreatmentat1200c．  
Nume血som血eplotsa∫eD11。Yalues・   



106  

TheD120ValueforthesporesofstrainNo・13－1was5・5，anddecreased【05，0，4．5and4．0  
withincreaseoftheuvdose（Fig．5）．   

TheD120ValueforthesporesofstrainNo．26－11was22，andafteruvimdiariona（500〃W／  
cm2for30secnosignificantdecreaseintllenumberofthesporesorintheD12OValuewasob－  
SerVed・Evenafter60secofuvirTadiation，theD120ValuewasnotchaJlged，butafter90secit  

decreasedtooneムaけ（Fig．6）．   

TheD120ValueforthesporesofstrainNo．27－8was30，anddecreased［025，23and15with  

hcreaseof血euvdo5e（Fig．7）．   

TheD120ValueforthesporesofstrainNo－28－3was43，anddecreasedto29，17and17with  
hcreaseortheUVdose（Fig．8）．   

TheD120ValueforthesporesofstrainNo・28－4wasunchangedafteruvirradiadonfor30  
SeC，andafteruvirradiationfor60and90sec，dleValuesdecreasedtotwo－thirdsaJldone－third，  

respectkely（fig．9）．  

Jud由Igfrom theseresults，intherangeofuvdosesused，thesixstrainscaLnbedividedinto  

threetypesasregardsthee脆ctsofUVirrTadiationontheheatresistance．  

Inthefirsttype，StrainNo・24－1、UVirradiationdecreasestheheatresistarLCe，butaniJICreaSe  

OftheUVdosedoesno亡CauSeanyfurthersigniLicaJltChangeinthehearresistance・  
Inthesecond亡yPe，S亡rainNos．13－1，27－8and28－3，theheatresistancedecreaseswithincrease  

or血eUVdose．  

1nthethirdてyPe，StrainNos・26－11and284，theheatresistanceisnotchangedbyalimitedUV  

dose，もじ【isgreatlydecreasedbyala∫評rdose・   

From these results on the uvresistance and the efftcts ofUVirradi且don on the heatresist＿  

ance，itisconcludedthatthesporesofthesixstrainscausingO・A・鮎tsourspoiIagedonothave  

anespeciallyhighresistal－CetOUVught，incontrasttotheirheatresistaLnCe，andatleastah止fof  

theoriginalheatresistanceislostuponUVimdiation．  
ItissuggestedthatpriorUVirradiationofthedissoIvedsugarcanbeemployedasacounter－  

measure（OPreVentO・A・瓜atsourspo辻ageofcamneddrinkswhichareoftenkepthotinvending  

mechheshJapan．  

ACKNOWLEDGEMENT   

The authors wish to express their thankstoProf・H頑Ine Kadota，FaculⅣOfAgricui【ure，  

KyotoUniverslty，formanyhelpfuldiscussionsandsuggestionsthroughoutthisstudy．Thanks  

arealsoduetoProf・ShigeruOtsuka，ToyoJuniorCollege ofFoodTechnology，formanydis－  

CuSSions，and【OMissJunkosonobe，ToyoInstituteofFoodTeclm0logy，fbrhertechnicalassist－  

anCe．   

Thiss（udywassupportedinpaLrtbyascientificrescarchgrantfromtheMinistryofHealthand  
Welらre．   

ApartofthispaperwaspresentedattheannualmeetingofthcJapan．Soc．Sci．Fish．onOct．5，  

1979，inHakodate．   



偏性嫌気性飲料かんフラットサワー変敗原因菌胞子に対する紫外線照射の影響  107  

References  

l）Nakayama，A．．Samo，S．，lkegami，Y．：Bul1・JapaA．Soc・Sci・Fish．，43，899（1977）・  

2）N止aァmちA．，Samo，S．：勧d・，46、1117～1123（1980）・  

3）Nakayama，A．，Shinyar，R・：J・FoodHyg・Soc・Japan，22，30～36（1981）・  

4）N止aya皿a，A．，Shinya，R・；嗣d・，22，37～41（1981）・  

5）American Public HealthAssociation：‥S－andard Methods fbr the Examination ofDairy   

Products，14thed・”ed．byMarth，E．H．．p．67～68（1978），AmericanPublicHealthAssociation，   

NewYork．  

6）Sakaza姓R．：BacterialCultureMedia，Partl．p・277～278（1978）．KindaiSuppan，Tokyo．  

7）Munakata，N・，Rふpert．c・S．：J．Bacteri01・，111，192～198（1972）．   


