
!"#$

!"!#

%&

$!

'&

!

(

!"#$%&'()

! "!#" $%&'()*+,-./0123456789:;<

!"#$%&'"( ") *+,-./ -0& 1"(230.&0#,-./ 4/..5 "6 7,#860. 9//#2:;"+.,</

!"#$%&%&&'( #)*+%('( +( =+"6+.85

!"# !$

!"#

!

%&'( )*+,-.+

!

!

%&'/ 0$.-.+,

!

!

12'/ 3.+,

$!"#"%

"1.CollegeofFoodScienceandEngineering,QingdaoAgriculturalUniversity,Qingdao266109,China;2.
QingdaoSpecialFoodResearchInstitute,Qingdao266109,China;3.QingdaoMilocoImportandExportCo.,
Ltd,Qingdao266108,China#

>-5&#,?&

$

4*5$6767789 5.:+6989 (4; 5.:+6989)isoneofthemostcommonly-foundbeer-spoilage
bacteriainbreweries.Thisstudycomparedtheabilityofbiofilmandplanktoniccellsofbeer-spoilage
4; 5.:+6989 toenteraviablebutputativelynon-culturable (VBNC)state.Planktonicandbiofilm
cellsoffivebeer-spoilage4; 5.:+6989 wereculturedat26! inthelagerbeer.Theresultsshowed
thatbothbiofilmandplanktoniccellscouldbeinducedtoentertheVBNCstate,however,the
state-transitiontimewasvariable.Ittookaminimumof70daysforthebiofilmcellstoenterthe
VBNCstate,while126~189daysfortheplanktoniccells.ThepresenceofVBNCcellsinbiofilms
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wasfurtherconfirmedbyPCRcoupledwithpropidiummonoazidepretreatmentthatamplifiedgenes
16SrDNAand!"#$.Inaddition,thebiofilmcellsweremoreresistantto0.025mol/LNaOH
comparingtotheplanktoniccells,whilethebiofilmcellsintheVBNCstateshowedmoreendurance
comparingtotheplanktoniccellsunderthesamestate.Inconclusion,thisstudyconfirmedthatinthe
brewingprocess,comparedtotheplanktoniccells,thebiofilmof%& '()*"+,+ couldbemoreeasily
inducedintoVBNCstateandhadstrongertolerancetoalkaliunderlowpH,highconcentrationof
bitterhops,ethanolandotherpressureconditions.
!"#$%&'() beer-spoilage bacteria,%-'."/"//,+ '()*"+,+,biofilm,viable butputatively
non-culturablestate,resistancetoNaOH
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