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　　　Argon　plasma　sensitivities　of　Escherichta　coti，　Staphygococcus　aurezes　arid　Salmonetla

typhi，murizLm　cells　were　studied　by　plasma　treatments　generated　in　the　low　gas　pressure　of　50

，Pa．　The　different　plasmas　were　induced　at　2．63　and　4．21w／cm3　mierowave　power　densities　to

have　the　low　temperature　distributions　below　60　OC．　Certain　external　factors　that　may　affeccthe

pathogen　survival　imdc’r　plasma　processag　sach　as　the　extent　of　b，io－indicator　loads　and　the

貧醐re　Of　biO一㎞（簸Caも◎r　Ca頭erS　WaS　eXa㎞ad．　The　inCreaSe◎f濾Cr◎Wave　pOWer　denS宝ty◎鉱総

幽s灘treatraeRts　ca￥sed　sig慮重ca蕊驚儒et沁蓑S類嶽e　pa撫ogen　S疑rv董val，　akd　tker的y

c◎rr甑ed賊h　the鴛．鴇r＄ases歓ce銭i蜘ry．　A騰◎㎎the　path◎9繊＄戯下切ecもed　t◎癒e　plas照s，癒he

gram－positive　S．　a’ttra’us　cells　were　the　mo＄t　resistant　and　the　plasma　sensitivity　was　foHowed

by　t，he　gram－negative　1．”，　coti　and　S．　typhimurium　cells．　Survival　of　the　E．　coti　cells　was　lc／　wer

when　the　extent　of　bic｝一irtdicator　loads　was　1arge，　r，　and　its　survival　was　affected　most　stroagly　on

paper　followed　by　propylene　and　glass　bio－indieator　carriers．

INTRODUCTION

　　　N，though　estimates　vary　widely，　there　is　a　comrnon　agreernent　that　food－borne　illness

is　a　serious　problem　in　the　human　society．　Globally，　people　not　only　demanding　more

food　but　also　a　safe　supply　of　food　and　the　world　g｝obalization　has　increased　the　risk　of

sprea（㎞g　fb◎d－b◎rne曲ess泣蔓temaもi◎na鼓y．　F◎◎d　ma鍛u£act．ure＄，　c（）mpaR重es　deaま㎏w重もh

the　’retail　raarket　of　food　supp｝y　aiid　comsuvaers　have　symbiotic　relatieRship．　Safe　，food　is

paramount　to　both．　Errors　made　in　the　manufacturing，　transporting，　storing　and　in

serving　food　can　enable　harmful　microorgani＄ms　to　suivive　and　cause　risks　to　health　and

even　1ife　itself．　Physica1　and　che血。認m㊧thods　are　co㎜olUy㎞plemented血the　cold

ster，ilization　practices　of　the　food　industry．　Plastic　packaging　materials　and　PET　drink

bott｝es　used　for　variety　purposes　in　the　food　and　phamaeenticai　industry　are　thermo一

＄ensitive　aRd　reqptre　proper　sterihzatioxx　procedgres．　Fer　exarapie：　iei”gzatiok　radiaticR　is

widely　used　iR　the　iAdustries，　but　propy｝ene　inaterials　became　degraded　duri．ng　the

steniization　process．　Peracetic　acid　or　hydrogen　peroxide　i＄　commonly　used　for　steril－

ization　of　PET　drink　bottles．　However，　the　residues　left　on　the　sterilized　packaging　mate－

rials　are　highly　toxic　and　associated　with　health　problem　of　employers　（Young，　1997）．

Soon　or　later，　these　methods　w皿be　graduaUy　replaced　with　new　alternative　ones．　New

apPr（）aches　such　as撫e圭owもemperaも灘e　gas　pぬsma　ster滋zaも1◎n　have　bee論aまready
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emerged　（Boucher，　1985；　Nelson　ai｝d　Berger，　1989）．　Montie　et　at．　（2000）　have　studied

inact童vaもio嚢◎f　v畿煮◎慧§】瞬く）r◎◎rgakismS＆も（圭慧食｝re鍛もe嚢V三r◎rtraeRts　usirlg　elke　aも∫織（）sphere

uniform　glow　discharge　plasma．　The　plasma　treatments　were　conducted　in　a　room　tem－

perature　at　atmesphertc　pressure　in　air　axd　hypot・hesized　that　the　w3inerabitity　of　cel｝

獄e搬braReS　was　d蘇eも◎reactive◎xygen　＄pecieS．1もiS　a　pr◎漉s三Rg　techn◎1◎琴y類癒at　k　is

fasもa汽d　iもdoes簑。も工eave　toxic　residuals　on　t数e　processed◎切ecもs（K：ou撫くε善αZ．，　i　999）。

Eventually，　these　various　appreaches　will　merge　in　such　a　way　as　to　lead　to　new　methods

of　sp◎re　c◎磁◎L　F◎r泌sもance諏もhe（tisin［fecti◎n　a鷺d　sもer曲ation　of　such　heaもs¢鷺siもiv愈

搬a継韮a三sas　P醗＆嚢d蜘sも重¢paekagixg　llsed　i嚢　tke　fo◎d重撮嚢§もry（P＝revderj　et　a9．，

2001b）．

　　　Co澄se（巣ueRtly，塾he◎切ecもive（）f　this　sもudy　was　to斑vesもigaもe　p韮asma　sens至tiv掘es◎f　th金

9schePtchWt　c◎鉱翫㈱んンεOCO60鵬翻解欝a撮3α醜0箆ε器薦卿ん襯罐廊魏ce鼓s　by　1◎W

temperature　argon，　plasma　induced　at　different　mierowave　power　densities　in　low　gas

pressure．　Mether　objective　was　tg　examine　exterfial　factors　such　as　the　extex£　of　bio一

血di㈱も◎r　1◎ads　a薮dもhe糞畿ture◎f　bi◎一撫d韮caも◎r　carr癬s，　wh．ich　may　affect　the　path◎ge資

s穫r蜘a沁鷺derもhe　p王as川州慰罫ea三絶貧もe◎猟難◎鼓s．

MATERIAL　AND　METHODS

Appartus
　　　The　des董gn麟d　gas　pまas憩a　s就up　Pr溢cip三e◎f眈gas　plasma　sもe曲zaも沁n　techP　ique

have　been　rep◎r二曲elsewhere（Phrevdorj　et認．撃2◎◎二季b），翫難d　her曾is　shOrも茎y　descrlbed

for　completeness．　ln　order　te　generate　the　gas　discharge　pla＄ma，　a　gas　wa＄　inj　ected　into

cry＄tal　tube　lecated　oR　the　top　of　sterilizatiok　chamber　and　excited　llnder　2．45　GHz

fre（脚ency　micr◎wave　energy重npuもs．　Th繊，　it　w銭s　d飾sed三四。　the　cy㎞dric撚ster瓢zation．

eha曲er（φ25◎X22◎懸），　where　the　bi◎一圭嚢d叢cator　hc玉der　was　positieRed　at　tke　eeRteτ

and　there，　the　plasma　inactivation　of　the　bio一一indicators　was　taken　place．　The　distance

from　the　plasma　generation　point　to　the　bio－indicator　holder　was　270　mm．　The　argon

p至as難as　were　gererate（圭｛誌£he　2．63　a嚢d　4．21・w／c夏嚢3蟹W．PD　i鼓玉。耀g撲s　pressure◎£5◎Paも◎

have　the　low　temperature　distribution　below　60“C．

M陸｛rroorg川州isms

　　　EschertchiG　cegi　IFO　3972，　Stffphggococczgs　eszereu＄　IFO　13276　and　Sagme？zegla

tgphimzt？ribl，m　IFO　13245　used　as　the　b．io－indicator　microorgartisms　were　ebtaii｝ed　from

the　lnstitute　for　FermentatioR　Osaka　（Os　aka，　Japan）．

Bi“indicator　preparation
　　　Micrescope　s｝ide　glass，　antibiotic　test　paper　discs　（ref　＃　10321262，　Scheicher　aRd

Sch慧¢恥a嚢d　polypy◎py玉e難eもesも撮be綴ps騨e鷺慧sed畿sもhe　b沁≒蟄d三eaも◎r　carriers．　The

Escherichia　cogi，　Staphytococczes　azere2ss　and　Salmonella　tgphimztTizem　cells　were

cultivated　in　a　Rutrient　broth　adjusted　to　pH　7．0　（Eiken　chemical　Co．，　Tekyo，　Japari）　with

shaking　15h，　at　the　temperature　o．f　30　eC．　Then，　the　vegetative　ceBs　were　harvested　aRd

嶽eb三｛｝一六磁caもors　were　prepared　aCC◎f伽9も醜heρr◎eedure　fo茎めwed三k　the　previ◎XS

study　（Purevdorj　et　at．，　200ia）．　lnoculated　area　of　bio－indicator　loads　on　the　bio－indi－

cator　carriers　was　9mm　in　diameter，　except　the　bio－indicator　carriers　used　for　deter一
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鎗．at沁繋ofもhe　exte貧もof　b玉◎一irldicat◎r　1◎ad　ef飴ct。

Evaluation　ef　the　survivors

　　　The　v玉ab至e　Ce圭1S　afζerもhe　p玉aS撚treatXrieRtS　were　reC◎vered　aSepもiCa鼓y短畿

ptwsphate　buffered　physielegical　sahne　（e．9g／e　scdium　chloride）　by　scraping　aftd　ultra－

senication　for　3　min　with　sterile　glass　beads　（¢O．6rnm）．　Then　O．1mi　of　the　cell　sus－

pension　was　inoculated　on　a　nutrient　agar　（Eiken　chemical　Co．，　Tokyo，　Japan）．　The

survivers　were　counted　as　colony　forming　units　per　each　bio－indicator　（CFUIcarrier）　after

無cubaもio嚢f6r　48　h　aももemperature　of　3◎。C、　Injury◎f　E．　co麗ce登s　thaもoccurre（至dur㎞g　t難¢

蜘s撚aρご◎cessiR9　were　detected　by鎗α三b擬；iOR◎f撫e　s嚢rviv◎rS　OR　the　sa澱e簑utrieftt

搬¢d捻buもs疑PP蓋edも◎have　ad（潅もiona嚢y　4％sod叢㎜ch里（）ride．

Sta穏st蒙㈱互a盤蓋ysis

　　　M　emperimegbs　were　repeated　four　tirftes　and　the　data　presentted　as　the　raeams　and

st；Emdard　error　ef　the　gieari　log　Nc／N．

RESULTS　AND　DISCUSSION

Argen　plasma　inactivation　of　（lifferent　vegetative　pathogens

　　　IwactivatioR　of　the　different　vegetative　pathogens　deposited　oR　polypropylene　bio一

沁di㈱搬。畿rriers　by　2．63　w／c膿3　MWPD鍵暮◎R　p｝asma　treat瓢enもis　sh◎wp　in　Fig磯松王．

Among　the　pathogeRs　subjected　to　the　plasma，　the　gram－positive　S．　azerezes　was　the　ruost

resistant，　and　the　plasma　sensitivity　was　foliowed　by　the　gram－negative　E．　eoli　and　S．

typhimuntum　cells．　This　different　plasma　sensitivity　was　probably　related　to　the　cell

stmiet，ure　ef　the　vegetative　pathogens　and　dtte　to　the　higher　agitation　of　the　S．　azsreus
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eells　to　／form　irnore　cell　clumps　on　the　bio－indicator　carriers．　lt　can　be　seen　that　the　plas一

撚搬磁v濾◎ft　was　rau〈≧h　f琶s総r童鉱he　b曙1熱熱g　sも嬉εa嚢d　f◎登◎wed　by　s至◎wer◎聡s，

despite　the　bacterial　gen．us．　ln　other　words，　the　plas，m’a　iRactivatien　was　a　two－stage

process．　Similar　inaetivatieR　profile　was　observed　by　Hury　et　ag．　（1998）　aRd　Purevdorj　et

a！．　（2001a，　b），　when　different　Bacilems　spores　and　E．　cogi　cells　were　subjected　to　gas

P王as1嚢a　treatmeftts　i難至◎w　gas　pressure．　魏was　speculatξ｝d　tkatもhis圭嚢ac重；重vaもi◎難raeeha－

nism　was　related　to　etchng　effeet　of　the　plasma　processing．　The　eroded　or　dead　microor－

ganisms　and　the　leaked　cytoplasmic　materia｝s　would　create　a　new　barrier　over　the　other

live　cells　aRd　the　spnttering　prgeess　slews　（Purevdorj　et　al．，　2eOlb）．

External　facters　affecting　the　pathogen　survival　under　argon　p・1as搬a・treatme就s

　　　The　E．　coti　cells　were　deposited　on　glass　bio－indicator　carrie．rs　with　the　different

ex乞e煎of　bi◎噸（慧C伽r　1餓ds（9殿d　20澱m泌もhe　d重a搬就er），　Sur～4va1◎魏he　8．00髭ce三至S

wa＄　mueh　lower，　wheR　th．e　extent　of　bie－indicater　loads　was　larger　under　the　2．63　w／cin3

MWPD　arg◎R　plasm滋reaもx簑eR捻（see　Table　1）．　The　reas◎汽was　expla擁e（量撫aも，　whe簸塩e

bio－indieator　loads　was　spread　more　widely，　the　bacterial　cells　had　a　less　ehance　to　form

醗玉もi一圭a￥ers無ee蓋玉bミ◎一撫SS＆磁懲◎re¢ha嚢e航◎exceR難も¢r嶽e　e1舗r◎n菰嚢d沁嚢

bombardment．　However，　survival　of　the　E　coli　cells　by　the　2．63　w／cm3　MW，PD　argon　plas一

搬atrea甑e就s轡as搬◎sもs伽難91y　affecもed　o捻もhe　pape欝f◎鼓◎wed　by　pr◎py王e鼓e　and　glass

bio－indieator　carriers　（see　Table　2）．　lt　was　assumed　that　the　specMc　surfaee　area　oR　the

峯＞aper　bk｝一圭衰｛蓑α誌く）ごcarr襲｝rs響＆s　la罫9｛）y《｝醜も◎董£s　f量難e薮b奪r　structure．　Dif鐙犠s沁難。£

Table　1． rCffect　of奮he　exもen七◎f　bio一重ndi¢aもor　IQ＆（is　o糞the　sur樋val

E＄chθr衰eh，葱G《り《〉認ce盤Sわy　arg《）繋P圭as灘aもrea恵獄e｝蕊

茎noeu玉a慧◎難．　exもe1建重．嚢d圭ameter　lmm｝ L〈＞9　N◎贋

9
裳
◎

3．84±O．12＊

5．89±C．07

＊一も畑va至聡S　C◎rre＄脚ndsも◎the　stai｝dard　err◎r¢：ぜζhe聡繰網葱N◎Pt

Ne－approximately　1．7　×　I　OS　eells　were　iRoculated　on　the　giass　bio－indi－

cator　earriers

N－t｝総Rumber　of　ce盤s　reeovere（蓬afもer縫he　2．63　w／crrl．3琿【WPP】〔）arg◎難

P玉asmg匙re霧も搬e轟も。重1（｝醜日田

Ta憂》】1¢2懸　】難釦艶。も◎f縫毫e　bi（｝一覧Rd三ca£◎r　carr．i黛r　nature◎】R　t．he　surv董va邊。£

　　　　　　　ffscherichts　gegi　ee1玉S鞄argO嚢蜘srau・trea糠琶蕊

Nature　of　the　bio一一indicator　carriers Log　No／N’

　　　Paper

P◎三ypropy韮e登e

　　　G捻＄S

4．66±O．06＊

4．24一±g．e4

3．95±e．C8

＊　一the　values　eorresponds　to　the　standard　error　o£the　raean　Log　NofN

Ne－approximately　，1，．7×le8　eel｝s　were　inoculated　eR　the　bicFinciieatex

c3r“ers
N－the轟ミiraわer　ef｛）麟茎S　fξ鷺《）veye〈薫after　t－ke　2．63響ゾ〈コ尊き毛髪WP董）畿rgo難

plasma　treatment　of　10　mirt
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Plasma　metastables捻緬acerta血depth　of　the　biQ－in（近cators　was　expectable　to　inactivate

the　paもh◎geR　ce鼓s．　C（）繋seq殺en綴y，　the　paもhO慕鰹川重難蔑。縫vaもi（）嚢至◎g　Nb／N　w畿＄㎏her◎R　the

paper　bio一血dicat◎r¢a撤ers　thanもhe　proひy1奪n¢猟d　g玉ass　bio一重ndicaも◎r　c鍵r重ars　due　t◎もhe

larger　specific　surfaee　area　of　the　paper　bie－indi，eator　earriers．

CeI至i互癖羅ry｛董騒e　to　t無e　inerease｛塗M［▼ワPD　of　t糞総a塁rgo難pIas澱a

　　　lf　ce盤麺礎y　w慕＄re｝ated　to　tke　ce9　membram．¢，誌beca照e　se漁siも量v就◎sod滋澱ch｝◎ride

content　present　in　the　nutrient　media．　The　Escherichia　coti　cells　were　deposited　on

polypropylene　bio一・・irtclicator　carriers　and　subjeeted　to　2．63　and　4．21w／cm3　MWPD　plasma

tre就ments．　ln　ord縦t◎find　ouもthe　corralation　between　uninjured　and　injured　cells

撚◎㎎もhe　s翻v◎rs，　th＄cens　a髭er　the幽s撮＆treatments　were　iri◎（漁t¢d◎R　n翻eRt

media　with　or　without　4e／o　sedium　chloride　sttpplement．　The　increase　of　microwave　power

de費siもy◎fもhe　plas搬a鍵eat搬enもs　s聯薮ca貧tly　ea篭濠se（1　reducも韮◎ns㎞the罫職も難◎ge捻survival，

a裁d嶽ereby℃◎rre｝ateCt　wi撫the泌creases泌th｛きce嚢瑠秘1醇（see　Tab｝e　3）．　CeH樋u取was

重数も《｝嚢s重f重ed，　when縫｝e塾護WP亙）（｝f運気e　plasra＆tre＆も瓢e蓋誌s糧a§1簸《ぼa騰s｛｝4．　Th圭s　fi嚢d重嚢g

s疑99e就s　thatもhe熱a磁vaも沁n　eff6ct◎f鎌e　pぬs瓢a　treatraeRts　was　r磁a轍iも◎the　plas瓢a

etching　process　and　when　the　process　was　intcsnsified　the　injury　of　cell　membrane　was

aiso　greatly　enhaneed．

Tabie・3．　1癖ry◎琵治漉θ痂門脇δ罐総王sめy　argon　plasmaもrea伽鷺就s

　　　　　　　generated　at　the　different　mlcrowave　pewer　densities

C濾s¢o獄艶δas
　　鍛WPD　o紺糟arg◎嚢P韮as盈aもrea糠e鵬

2．63w／c滋3　　　　　　　　　　　　421w／cガ

鎗9獅／翼　　　　　　　Leg　NefN

Uninjured

Injured

4．30±O．04＊

5．39　±　O．06

5．16±O．03

6．25土O．0“「

＊一the　v黛撫黛s　c◎rresponds沁the　s纏峯（搬r（董error　ofもhe職ean　L（）g　No贋

勘一畿脚驚x漁aもe至ン2×王os　ceKs　were　ifioegiated　cR　the　p⑱峯）rcpyleRe

bio－indk¢ator　earriers

N一碧川町職ber◎f　cells　rec◎ver磁after　the　differe就瀬WPD畿r即葺

P茎as照焼滋搬e簑もS◎f　l◎澱主R　aiid鞭艶¢◎膿もed　respective三y　o掘二総

differ（黛獄愈蓑！ユもr圭e黙も互】窪ed窪a

CONCLUSIONS
　　　WheR　the　vegetRtive　paもh◎gens　were　s晦¢伽dも◎the茎◎w　te㈱era四川rgon　plas搬a，

撫egram－positive　S鶴岡）勿霧Oco6侃8αzerezeS　C醗S　were　the　most　resista数t　and　then　the

PlaSma　Ser韮S嶽嘘y　WaS　fd玉Owed　byもhe　gram一間gative　ESOんθ．短。漉α00認aftd　Sα9？mOnθlla

毒雛ゐ魏＃・Wt2sm　cedS．　lnereases　in撫e樋cr◎wav¢P◎糀r　de翻砂◎f漁e　plasma　treatments

caused　sig衰i畳¢aRt　redikeも10蓑s熱もheρaもho欝慕s雛viva1，　aRd　tkereby　e◎rre至ated頭竃h

雛αeases　in　the　Ce鷺覇鷺ry．　The　pathogen　S鷲搬val　was　af艶cted　by　ex総ma玉魚ctors　such

as　the　extent　of　bio－indieator　loads　and　the　nature　of　bio－indicator　carriers　under　the

argon　plasma　treatments．　Pathogen　survival　was　lewer，　when　the　extent　of　bio－indicator

1◎ads　was亜arger　a難（員もs　s雛r瞬vai　was　af艶。もα藁搬（）st　sもro難9茎y◎rともh¢欝aper　f（）R◎wed　by
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pr◎pyle蓑e　a簸d　g玉ass　b沁一三n（慧ca縦carriers．
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