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Evidenceof“FlatSour”SpoitagebyObligateAnaerobes  

inMarketedCanneddrinks’1  

AkihikoNAKAYAMAand SumikoSAMO   

Accordingtothela（eststatisticsbytheCannersAssociationofJapaJl，theproductionofcanned  

drinksinJapanincreasedby3・7timesduringthelastGveyears，thcgrossproductionin1978  

being140xlO4tons・ThisrapidincreaseisduetotherapidpropagationonvendingrrlaChinesin  

thesof（drinksmarketleSPeCiaⅡyofhotvendorswhichaccelera［edtheconsumptionofcanned  

drinksinwinter．Amongcannedgoodsdevelopedforhotvendhgarecoffee．shfTuko（sweetbean  

drink）．cocoa，tea，etC．In1978theproductionoftheseproducts，Ofwhichcannedco鮎ewas  

about95percen（，WaS44xlO4tonsand31・4percen【inallcanneddrinksl）・  
Ithasbeensuggestedthatprolongedstorageofcannedfoodsinthcvendingmachinesatthe  
serving亡emPerature（approxima【ely600c）causedbacteriologicalproblems2），Whichhaveonly  

recendybecomeasourceofconccrntOthccanningindustryinJapal－3）・Thermophilicspo血ge  

microorganisms，bothgas・formlng andflatsourcauslれg－grOWⅥgOrOuSlyatthistemperature・As  

amatteroffact・insome ofthe cans kepthoth thevendingmachines natsourspo辻agewas  

stronglyeddenced．   

Fla【sOurSPO払gehasbeenwellkn0wnforabout50years・anddescribedascausedbyBacillus  

stearodlemPPhLlusinlow－aCidfoodsandbYBacHLuscoqgt‘lansinacidfoods4）．＝owever，itwas  

foundinourlaboratorythatnocoloniesofmicroorganisms were detectedwhenthealiquotsof  

【hespo述edcanneddrinksareinoculatedonthedextrosetryptoneagar（DTA），Whichisknown亡O  

beasuitablemediumforthegrowthofthesebaculi5，6）   

Somcresultsontheflatsourspo辻ageofca皿nCdcoffeehavebeenalreadyreportedinashort  

paper7）・Inthispaperthedeta己edresultsobtained丘omtheinvestlgationofthemarketedcanned  
dTinksforhotvendingarereported・  

MATERIALS AND METHODS  

Marke【edcanncddrinksusedf。rincubati。nteStat550c   
Allthesamplesweremarketedcanneddrinks・AsshowninTablel，thesamplesweretheprod－  

uctsof9manufacturersandcontai皿ed17kingsofcannedcoffee，3kingsofcanneds77fTuko，2  

kindsofcannedcocoa，andeachonekindoftea，m辻kshakeandamazaたe（fermentedriceTgruel）．  
Twelvecasesofeachweresubjectedtothetcst．Thenumbersofcanspcrcasewereeither300r  
40・So，eaChsamplecontained360cansor480cansandthenumberofcansusedforthetest  

≠ ANewTypeofFlatSourSpoilage－1．   
Par【iallysupportedbyscien【incres亡arChん！－dfiomtheMinis叩Ofwe脆re．   
ApartofthispaperwaspresentedattlleannualmeetingoftheJapan．Soc．，Sci．Fish．onOct．5，1979，Hako－  
date，  

注 本論文は口本水産学会の好意によl）．E】本水産学会誌・買46巷9日号掲戯論文を転載したものである。   
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amountedtolO，800inau．   

Incubationtest   

Ansampleswereincubatedat55Dcand4casesofeachkindweretestedeverytendays・PH  
valuesandvacuumsoflOpercentofcansweremeasuredandotherswereobservedvisuauy・   

lsoladonofbac亡erh丘omspodedcans   

Contentsofspo止edcanswerewithdrawnunderaseptlCCOnditions・Forthedetectionofaerobes  
l－mlaliquotsofthecon【entWeremixedwith15－20mlofmeltedDTAinsterilePetri－dishes・For  

thede亡eCtionofanaerobesl－mlaliquotsofthecontentwereinoculatedintotesttubescontal  
lOmlofthemodi丘ednuidthioglyconatemedium（mTGC）．TheformulaofmTGCisshown  

Table2・Twoplatesandtwotesttubeswereusedforasponedcan・Theplateswereincubatedfor  
5daysa皿dthetesttubesforlOdaysat55Oc・ForpurificationaJldisolation，mTGCinvoIving  
grownbactcriLWaSin？CulatedontheplateofmTGC・TheplatewasincubatedforlOdaysat  

55。canaerobicdlyinaTomy，sanaerobicjarcontalnlngrOOmtemPeratureCatalyst9），andthe  
coloniesweretransferredintomTGC．TheisolatedbacteriaweremaintainedinmTGC．  

Tablel．AuSamplesUsedforlncubationTestat550c  

MaIlufacttLrer  SampleNo．  Contents  Cans  

Co脆e  190g  5227嚢  40x12  
Co鈍e  190g  5224，5322  40 x 12 

1
 
2
 
3
 
4
 
5
 
′
0
 
7
 
0
0
 
 

Co脆e  250g   
Cor毎e  190g  

Milkshake  190 g 

AⅢ射通如  200g   
Cocoa  190 g 
5JIi川島0  200g  

5220  30x 122 

5326  40 x 12 

5301  40 x 12 

4Z19  40x12  

4Z15，4Z16  40 x 12 
4Z20  40x12  

A  

Co砲e  2うOg  5414  30x12  
Corfもe  190g  5410  40x12  
Co脆e  250g  5Y18  30 x 12 

1
 
2
 
4
 
 

1
 
1
 
つ
】
 
 Co脆e  250g  5404  30x12  

Co穐e  190g  5401  40x12  

5最ー以お0  200g  5325  40x12  

こ
J
 
7
 
8
 
 

1
 
1
 
1
 
 

Co胞e  190g  5020  40 x 12 
Co掩e  250g  5015  30x12  

5九行ぃた0  200g  5028  40 x 12 

l
－
2
 
っ
J
 
 

2
 
2
 
2
 
 

Co脆e  250g  5127，5131  30x12  
Cocoa  250g  5305  30x12  

9
 
0
 
 
1
 
 

Corfee  250g  5407  30x12  
Tea  250g  5Z12  30 x 12 

【
J
－
．
〇
 
 

1
 
2
 
 

19  Cor昆e  190g  5605  40x12  
20  Cor鈷e  190g  5204  40 x 12 

H  14  Co一缶e  200g  5118  40 x 12 

王  16  Corたe  250g  5412，5415  30x12  

＊Japanesecodefortheda（eOfproduc【ion：First，SeCOnd，thirdandforthmumbersshowtheyear，mOnth，and  
day，reSpe亡tively．YisNovemberandzi5DecembeT．   
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Table2．FormulaofmTGC，TF，TSiFandTSaF   

IngredientsIMedia  mTGC  TF  TSiF  TSaF  

Trypdca5e（BBL）  
Phytone（BBL）  
Glucose  

NaCI  
Na・T吊ogly⊂O11ate  

Agar  
L・Cystime  

Na…SO，  

NaiSO。  
FerricCitrate事  

17．Og／】  17．Og／1  17．Og／1  17．Og／l  

3．0  

6．0  

2．5  

0．5  

0．7  
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ヰSter揖zedseparately．  

Biochemicalexamination   

Gramstamulg†PrOduction ofacidsfromsugaLrS，PrOductionofindoleandhydrogensulfide，  

COagulationofmilk，reductionofnitrateaJldhydrolysisofgelatinwereexaminedbytheordinary  
methodslO）・DigestionofcoagulatedeggalbuminwastestedbythemethodsdescribedbァBumett  
andothersll）・＝owever，forthe【eStOfindoleproduction，mTGCinwhichphytoneandglucose  
wereomittedwasused；fbrhydrogensulfideproduction，SIMmedium12）；forcoagulationofmilk，  

10percentskimm此wi【hiron；andfornitratereduction，tllefluidnitratemedium13）hwhich  
PrOteOSePeP（OneWaSrePlacedwithphytone・   

Appearanceoffla【SOu∫SPOuageCauSedbyisolatedbacteria   

Tenmlaliquots ofthecontentofa．normalcanwereintroducedintosteriletesttubeswith  
tubeswithplasticcapsunderaseptlCCOnditions．Thetesttubeswereheatedinboilingwaterfor  
lOmintoremovedissoIvedoxygenandster辻eliquidparafhwasaddedtoeachtubetosealthe  
COntent・Theisol且ted bacteria wereinoculated respectivelyintothe testtubescontalnlngthe  

normalcannedcoffbesamplescorrespondingtothosefromwhichthebacteriawereisolated．Ten  

test【ubes were used fbr oneisolate，6ve were for the controland亡he other8vewerefortlle  

examination・The【eSttubeswereincubatedfor15daysat550candobservedvisuauy・   

Preparadonofsporesuspensionsofthcisolatedbacteria   

mTGCinwhichagarwas omittedwasusedasthemedium fbrsporu1ation・Assoon asthe  

mediumwasautoclaved，Ster迅emeltedparaf丘n（M．P．42－44Oc）wasaddedtosealthemdium  
fromair．Isolateswereculturedat550cinrhemdium．   

The spores werehaⅣeSted afterlOdaysbycentr血gation，WaShedthree止meswithsterue  

deionizedwa亡erOfthesamevohmeasthemdiumandsuspendedinsternedeionizedwaterofthe  

SameVOlume・Thesuspensionswere毘teredthroughsterileToyoNo．2fnterpapertoremove  

clotsofsporesandparaf6n・Theseprocedureswerecarriedou［atO－40c・TheBltrateswereheatcd  
inaboilingwaterbathforlOmintodestroyvegetativecells・Thesporesuspensionsobtainedwere  

StOredinare丘igerator・   

DeterminationofDvaluesofthesporesat1200c   
Onemlaliquotsofthesporesuspensionswereintroducedintosma11testtubes（7xlO5mm），  

Whichweresealedbyheatimmediately・Thesealedtesttubcswereimmersedinanoilbathat   
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120±0．1Ccandwereremovedaftereachoftheheatingperiods・Thesetubcswerecooledincold  

water，brokenasepticaLyandthenumberofsurvivorsweredeterminedbytheMPNmethodwith  
mTGC．  

Reductionofsu丑iteandsulらte   

Forthetestofreductionofsu16teandsulfatcbyisolates，theironsul餌eagar（ISA）14），the  

Starkey，smedium15）、thePostgate，smedium16），TFmedium（TF），TSiF】血edium（TSiF），and  
TSaFmedium（TSaF）wereused．TFismTGCinwhichL－CyStincandsodiumsul8tewerereplaced  

withferriccitrate．TSiFisTFwithO．1％sodiumsu16teaddedandTSaFisTFwithO．1％sodium  

sulfate added．Table2shows the formulaofthesemedia．When anisolatedoesnotblackenTF  

bu亡doesTSiF，itissulfite－reducing・When anisolate doesnotblackenTFbutdoesTSaF，itis  

s山fate－reducing．  

Table3．PHValueandVacuum ofNomalCaJIS  

pH  Va⊂uum  
M弧uh⊂turer  SampleNo．  
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19（Cof丘e）  6・1  
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H  14（Co砲e）  6．3  

1  1る（Co鮪e）  6．4  6．3  

†Daysorincubationat55□c．  
ヰヰAveragevdues．   
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RESULTS   

Incubation亡eSt   

pHvdじeS and vacuums ofnomalcans were sbownhTable3．PHマムuesofnormalcanned  

coffeeranged丘om5．9to6．5，thoseofca・nneds7ttmkofrom5．1to6．0，Cannedcocoa丘om6．1to  

6．4，and canned tea，mJkshakeandamaLZhe6．5，6．2and4．7，reSPeCtively．Thevacuumsof  

normalcansvariedremarkablyasshowninthetable丘omaminimumof8cmtlg（SampelNo．14）  

toarnaximumof53cmHg（SampleNo．10）．   

NumbefOfspo辻edcansandspo鮎geratioofeachsamplewereshowninTable4．SpoJedcans  

werefbじれdins反日ndsofcannedco亀esamples，No・12，24，21，22，13and14，丘om4manu－  

ficturers・Thenumbersofspoiledcanswere5，9，9，13，1and3，reSPeCtively．Theseamountedto  

40cansinanSpoilageratiosranged丘omO・3％ofsampleNo．13【03．6％ofsampleNo．22．   

Table5showspHvaluesandvacuumsofspo追edcaJIS．PHvaluesofthespoiledcanswerelower  

thanthoseofnormalones．MaximumdropofpHvalueswasaboutl・0・Vacuumsof8spo辻edcans  

measured．exceptforcanNo．22－11，Werelowerthanthoseofnormalonesa．ndthedecreaseof  

VaCuumSWa510to20cmHg・   

Somecontentsofspo止edcannedcoffeesamplesweremorewhitishthanthenormalones，and  

TaもIe4・NumもerorSpoiledC抑SandSponageRatio  

NumもerorSpoiledcan5  
Manuた⊂turer  SlmpleNo．  Spoilage Ratia 
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tDayso＝n亡ubationat55ウc．   
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Table5．PHValueaTldVa亡uumOfSpoJedCans  
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Table6．PHV31uesafter15Daysofln亡ubation  

Ino⊂じ1a【ed  Str扇nNo．  Con trol 

＊
 
へ
J
 
 
7
 
0
0
 
1
 
0
0
 
5
 
5
 
 
ヰ
 
5
 
5
－
ヽ
－
5
 
 

【
J
 
Q
U
 
n
D
 
＜
U
 
9
 
3
 
 

⊂
J
 
 
4
－
）
 
⊂
J
 
5
 
5
 
 

－
さ
 
4
 
4
 
4
 
r
⊃
 
5
 
 
5
 
5
 
5
 
′
0
 
′
b
 
 
4
 
3
 
 
 

7
 
只
）
 
n
7
 
9
 
2
 
 

†  つJ
 
 
9
 
Q
ノ
 
∧
フ
 
9
 
8
 
【
J
 
 
ヰ
 
■
さ
 
4
 
■
ヽ
■
 
r
⊃
 
 

0
0
 
 
0
 
（
U
 
l
 
1
 
0
 
5
 
 
′
b
 
′
○
 
′
0
 
′
b
 
′
○
 
 

3
 
 
7
 
8
 
9
 
9
 
4
 
⊂
J
 
 
4
 
4
 
4
 
5
 
⊂
J
 
 

0
0
 
 
0
 
0
 
1
 
1
 
（
U
 
5
 
 
′
b
 
′
b
 
′
○
 
′
0
 
′
0
 
 

8
0
 
 
（
U
 
▲
U
 
l
 
1
 
0
 
5
 
 
′
0
 
′
0
 
′
D
 
′
○
 
′
b
 
 

0
0
 
 
0
 
（
U
 
†
▲
 
1
▲
 
〈
U
 
一
．
⊃
 
 
′
○
 
′
0
 
′
○
 
′
b
 
‘
U
 
 

8
 ノ
 
 
0
 
0
 
1
 
1
 
∧
U
 
 

こ
J
 
l
 
■
⊃
 
′
0
 
7
 
9
 
 

＋
 
 

つ
ー
 
4
 
4
 
4
 
4
 
4
 
 

一
1
 
 
2
 
つ
】
 
▲
ソ
一
2
 
2
 
 

（
J
 
2
 
 
0
 
（
U
 
O
 
O
O
 
 
2
 
5
 
1
 
 

⊂
J
 
5
 
′
○
 
ノ
b
 
′
0
 
4
 
 
5
 
5
 
亡
コ
 
 

1
 
2
 
 
4
 
0
 
∧
U
 
 
8
 
 

2
 
2
 
‘
U
 
（
U
 
＜
U
 
 
8
 
一
さ
 
5
 
 
5
 
′
b
 
′
0
 
 
4
 
 

1
 
2
 
 
つ
一
〇
 
〇
 
 
8
 
1
⊃
 
■
3
 
－
⊃
 
ノ
b
 
′
0
 
 
4
 
 

l
 
1
 
 
0
 
0
 
0
 
 
9
 
′
0
 
′
b
 
 
′
○
 
′
○
 
′
〇
 
一
さ
 
 

（
J
 
l
 
 
つ
J
 
O
 
（
U
 
 
8
 
1
⊃
 
5
 
 
1
〇
 
′
b
 
′
b
 
 
4
 
 

l
 
l
 
 
■
1
－
↓
▲
 
1
 
 
0
ノ
 
 
〈
U
 
＜
U
 
O
 
 

′
b
 
′
D
 
 
′
D
 
ノ
b
 
′
D
 
 
5
 
 
′
h
）
 
′
b
 
′
0
 
 

l
 
1
 
 
0
 
0
 
0
 
 
0
ノ
 
 
ハ
U
 
O
 
（
U
 
′
0
‘
U
 
‘
U
 
′
○
 
′
0
 
 
こ
J
 
 
′
b
 
′
D
 
′
0
 
 

l
 
l
一
 
〇
 
〇
 
（
U
 
 
9
 
 
1
 
1
 
1
 
 

′
0
 
′
0
 
 
′
0
 
′
h
〉
 
′
U
 
 
【
J
 
 
Å
V
 
′
0
 
′
0
 
 

21－2  

21－5   

22・2  

22－3  

22－13   

1ユー1  

0
ノ
 
 
l
一
l
 
1
 
5
 
 
′
○
 
′
○
 
′
0
 
 

つ
ー
 
つ
J
 
l
 
 

一
ヽ
■
 
⊂
J
 
5
 
 

つ
－
O
 
1
 
 

5
 
5
 
5
 
 

1
 
0
 
1
 
－
ヽ
－
亡
J
 
く
」
 
 

∧
U
 
9
 
（
U
 
 

′
」
U
 
■
⊃
 
5
 
 

0
 
0
 
0
 
′
b
 
′
b
 
′
○
 
 

1
－
2
 
っ
J
 
4
．
↑
4
一
 
 

l
 
l
 
l
 
 ヰIncubatedんr5days．   



市販飲料缶諸における偏佳境気性菌によるフラットサワー変敗の確認  83  

the otherswereseparatedinto cleafSuPernatantSaLndprecIPltateS，butthechangeofflavorwas  

verysl妙t．   

Isoladonofbacte血丘omspo辻edcans   

FromthespoiledcansnocoloniesweredetectedonDTAbutsomebacteriaweredetectedin  

mTGC・From150utOf40sponedcanssomespore－fbrmlngObligateanaerobeswereisolated・  

Tbese15canswereasfbuow．  

12＿5  24一る  21－2  22－3  14－1  

24－1  24－7  21．5  22－13  14r2  

24－5  24－9  22－2  13＿1   14r3   

ヱachsinglestrainwasselectedatrandomfromsomeisolatesfromeachcanandthestrainswere  

numbered the same as the cans丘om which thestrainswereisolated．Thus，15strainswere ob－  

t血ed．   

AppearanceofflatsoufSPOJagecausedbytheisolates   

Fifteenstrainsisohtedwere respcctivelyino’ulatedinto the normalcannedcoffeesamples，  

correspondingtothosefromwhichthestrainswereisolated，andincubatedat550c・Afterincuba－  

tionfor3to5days，thetesttut）eSCOntainingthcstrainsbecamewhitishandafterlOdaysprecIPl－  

tateswereformedatthebottomsandthesupernatantsweTeClearinsomeofthetesttubes，WheTe－  

asevenaf［er15daysthecontroIsremainedunchanged・Thechangeoftheappearanceissimilarto  

thatofthecontentsofthespoiledcannedcofftesamples．   

Table6showspHvaluesafter15daysofincubation・PHvaluesofthecontentswithinoculated  

strainswerelowerthanthecontroIsexceptforstrainNo．24－7，22－3a・nd22－13．Thus，allthe  

strainscxceptthreecausedtheflatsourspoilage・   

Heatresistanceofsporesofisolates   

ThestrainsofwhichDvaluesat1200cofsporescouldbemeasuredbythemethoddescribed  

aboveareshowninTable7．Thesevaluesranged丘om5to25．  

Table7．HeatResistanceofSporesof血eIsolates  

StrahN0．   DYdueat120〇c  

10min．  
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Table8．Characteristi⊂SOrtheIsolates  

StrainNo． 12－5 24－1 24一う 24－6 24－7 24・9 21・2 2l－5 22－2 22・322－1313・114・114－214－3  

Gram stah   

Acids丘om  

Glu⊂OSe  

La亡【OSe  

Saliciれ  

Su⊂fOSe   

Production of   

lndole   

HtS  

Coagularion of 

Milk  

Digestion of 
Albumim  
Meat  

＋   ＋   ＋   ＋   十   ＋   ＋   ＋   ＋   ＋   十   ＋   ＋   十   ＋  

＋   十   ＋   ＋   ＋   ＋  

＋    ＋   ＿   －   －   －  NOコ丘omNO3  一   －  ＋  ＋  ＋  ＋  －   －  ＋  

Hydrolysi50f   
Gelatin  ー   ＿   ＋   ＿   ＿   ＿  

Characteristics of isolates 

Table8shows亡hecharacteristicsofthestrains．AllofthesewereGram－negativeandproduced  
acidsfromglucosebutnotfromlactose，SuCrOSeOrSalicin・Thesedidnotproduceindole，butdid  
hydrogensulBde・Thetestsforcoa騨1ationofmilk，anddigestionofalbuminandmeatgavea11  
negativeresults・However，SOmeOfthestrainsreducednitratestointritesbutothersdidnot・Some  
hyd∫Olyzedgelatinbu亡Othersdidnot．   

A止thestrainsshowedtheactivitiesoffbrrnationofhydrogensulfide．Moreover，WhentlleSe  
wereinoculatedintoISA，anblackenedit．Asapreliminaryexperiment、SOmeStrainswereinocu－  
1atedintothestaLkey，smediumandtllePostgate，smedium，themediafbrthetestofreductionof  
sulfate．Butthepre5entStrainsdidnotgrowwellinthesemedia．Whenallthestrainswereinocu－  
1atedintoTF，TSiF andTSaF，thesegrewwellbut blackenedonlyTSiF・Soallthes亡rainsare  
sul丘te－reducingbutnotsulfate－reducing．  

DISCUSSION   

Afterourshortpaper7）which evidencedanewtypeofnatsourspo辻age†WaSPreSented，  
Matsudaetal・＊andMiヱOguChietal■＊foundsimilarspoilageofhotcannedd血ksindividually・  

These丘ndingsindicatedthatthespodageiswidelytakingplaceinJapan・Tables3，4and5inthis  
paperareforfurtherconnrmationoftheproblcm．   

AsshowninTable6，amOng15isolatedstrainswhichcouldbeobtaincdbymTGCbutnotby  
DTAfromspo遭edcans，12strainscausedflatsourspoilageinthenormalcanncdcoffeesamples  
correspondingtothosefromwhichthestrainswereisolated・Dvaluesat1200cofthesporesoflO  

＊Theannualmeetingof（heCannersAssociationofJapanonOet．25．1977，Tokyo．   
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Strainswereobtained．Thesevaluesranged丘om5［025（Table7）．ItwassaidthatF。Valuesof  

thesecansatthermalprocessranged丘om15to20・AccoTdinglythereisachancethatthespores  

SurVivethesternizationprocesses・Fromtheseresults，i【isconcludedthatatleast9strains（12，5，  
24－1，24－5，24－6，24－9，21－5，22－2，13・1・14－1）aJethebacteriathatcausethenatsourspo迫a＄e・  

Thistlatsourspoilagecausedbysomeobligateanaerobesiscalled＝ANewTypeofFlatsour  
Spo鮎ge”（0．A．Flatsourspoilage）bytheauthors．   

Some pnncipalcharacteris亡ics ofthesestrainswerethefmOPhilic，Obligateanaerobic，SPOre－  

formhg，Gram－negativeandproducinghydrogensul鮎e（Table8）・Soonemightconcludetha亡  
DesuybtomdCulumn針笹ansplaysarole・However・thegenusClostrEd；umandgenusDesu拘to－  
maculzLm areClassifiedbytheabilityoLreductionofsulfiteintheBergey，sManualofDetermi－  

nativeBacteriology（ヱighthEdition）．AⅡthestrainsdidnotreducesu脆tesbutdidsul丘tesinthe  

test ofusingTFTSiFandTSaF・SoitisdifBculttodeterminethesestrainsbythcBergey，s  

Manud．   

Theseresultsindica【ethatthenewtypeof鮎tsourspoiligeOfcannedcoffteisnotcausedby  
knownficultativeanaerobes，butbァsome obligate anaerobes．sobettercaremustbetakenof  

Ca皿ned foods soldinpreheated conditions to prevent contaminationbythecausativemicro－  

0巧ani5mSinthein許edien亡S・  
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