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Althoughmanymicroorganismsarebeneficialandnecessaryforhumanwell-being,microbial

activitiesmayhaveundesirableconsequences,suchasfoodspoilageanddisease.Thereforeit

isessentialtobeabletokillawidevarietyofmicroorganismsorinhibittheirgrowthtominimize

theirdestructiveeffects.Thegoalis:

(1)todestroypathogensandpreventtheirtransmission

(2)toreduceoreliminatemicroorganismsresponsibleforthecontaminationofwater,food,and

othersubstances.

(3)topossibletheaseptictechniquesusedinmicrobiologicalresearch.

Sterilization[Latinsterilis,unabletoproduceoffspringorbarren]istheprocessbywhichall

livingcells,viablespores,viruses,andviroidsareeitherdestroyedorremovedfrom anobjector

habitat.Asterileobjectistotallyfreeofviablemicroorganisms,spores,andotherinfectious

agents.Whensterilizationisachievedbyachemicalagent,thechemicaliscalledasterilant.

PRINCIPLESOFDISINFECTION

Themainobjectiveofacleaningprogrammeistocontrolmicrobialactivity.Althoughan

adequatecleaningprogrammewilleliminatenearlyallthesoilpresent,itwillnotdestroyor

removeallthemicroorganisms.Thisrequiresasecondstep-disinfection.

Disinfectionisdefinedas:“thedestructionofmicroorganismsbutnotusuallybacterialspores.

Thisdoesnotnecessarilyinvolvekillingallmicroorganisms,butreducingtheirnumbertoalevel

notnormallyharmfultohealth.

Disinfectionmethodscanbedividedintotwogroups:

1.Non-chemicaldisinfectionmethods

2.Chemicaldisinfectionmethods

Non-chemicaldisinfectionmethods

Heat/steam

Inmanycasessteam isverygoodfordisinfectionbutitmaybeinconvenientorimpracticaldue

tothefollowingreasons.

Providingsteam isexpensiveandmaycausematerialstodeteriorateandequipmenttodistort.

Ifsteam isuseditwilltakeconsiderabletimetoheatandcoolequipment.



Chemicaldisinfectionmethods

Themostessentialforaneffectivechemicaldisinfectionprogrammeisacleansurface.

Consequently,toachievemicrobialcontrol,thecleaninganddisinfectionprogrammemustbe

thorough,compatibleandtotallyeffective.

Thechoiceofchemicaldisinfectantsisdeterminedbythefollowingconsiderations:

Publichealthregulations

Spectrum ofeffectiveness,i.e.abilitytokillmanytypesofmicroorganisms

Mustbeefficientundertheconditionsofuse

Quickaction

Presenceorabsenceoforganicmatter

Corrosiveproperties

Typeofprocessingareaandtypeofsurfacetobedisinfected

Non-toxicandgentletotheskin

Inexpensive

Mustnotaffecttheodourorflavourofthefoodprocessedontheequipment

ExamplesofchemicalDisinfectants

Chlorineandchlorine-releasingcompounds(sodium orcalcium hypochloriteisacheap

disinfectantcommonlyinuse)

Quarternaryammonium compounds

Amphoteric(ampholytic)compounds

Phenoliccompounds

Peraceticacid

Antiseptics:Anantisepticisasubstancethatstopsorslowsdownthegrowthof

microorganisms.They'refrequentlyusedinhospitalsandothermedicalsettingstoreducethe

riskofinfectionduringsurgeryandotherprocedures.

Antisepsis[Greekanti,against,andsepsis,putrefaction]isthepreventionofinfectionorsepsis



andisaccomplishedwithantiseptics.Thesearechemicalagentsappliedtotissue(animateor

living)topreventinfectionbykillingorinhibitingpathogengrowth;theyalsoreducethetotal

microbialpopulation.Becausetheymustnotdestroytoomuchhosttissue,antisepticsare

generallynotastoxicasdisinfectants.

Examplesare:-Furacinandsoframycinanddettol

TYNDALLIZATION(Fractionalsteam sterilization):

AmethoddevelopedanddevisedbyJohnTyndallwasaphysicistfrom CountyCarlow,Ireland.

Tyndallizationisdonebyrepeatedexposureofsubstancestoflowingsteam forsterilization

andisalsocalledfractionalordiscontinuoussterilization.Aprocesssometimesusedwiththe

aim ofsterilizingcertainheatlabilematerials(e.g.,culturemedia)

Principle

Themethodisaffectedbyemployingstreamingsteam (flowingsteam)attemperatureof

approximately100ºCforabout30minutesonthreeconsecutivedaysandbeingincubatedat

room temperatureor37ºCfortheinterveningperiod.Aftereachheating,therestingperiodwill

allowsporesthathavesurvivedtogerminateintobacterialcells;thesecellswillbekilledbythe

nextday'sheating.

Tyndallizationisbasedontheassumptionthatthematerialssotreatedareabletosupportthe

germinationandoutgrwthofanysporestheymaycontain.Duringthefirstdayofexposure,it

killsvirtuallyallorganismsexceptbacterialspores,anditstimulatessporestogerminatero

vegetativecells.Duringovernightincubation,thecellsmultiplyandarekilledonthesecondday.

Againthematerialiscooledandfewremainingsporesgerminate,onlytokillonthethirdday.

ArnoldsterilizerisaninstrumentusedtocarryoutTyndallizationprocess,whichmakeuseof

flowingsteam asthesterilizingagent.

Demeritsoftyndallization

Althoughthemethodusuallyresultsinsterilization,occasionsarisewhenseveralsporesfailsto

germinate.Themethodalsorequiresthatsporestobeinasuitablemedium forgermination

suchasabroth.

Pasteurization.

Pasteurizationisaprocessinwhichpackagedandnon-packagedfoods(suchasmilkandfruit

juice)aretreatedwithmildheat,usuallytolessthan100°C(212°F),toeliminatepathogensand

extendshelflife....Spoilageenzymesarealsoinactivatedduringpasteurization.

TheprocesswasnamedaftertheFrenchmicrobiologist,LouisPasteur,whoseresearchinthe

1860sdemonstratedthatthermalprocessingwoulddeactivateunwantedmicroorganismsin



wine.Spoilageenzymesarealsoinactivatedduringpasteurization.Today,pasteurizationis

usedwidelyinthedairyindustryandotherfoodprocessingindustriestoachievefood

preservationandfoodsafety.

TwoKindsofPasteurization

Low-TemperatureLongTime(LTLT)

High-TemperatureShortTime(HTST)

BenefitsofPasteurization

EliminatingharmfulbacterialikeListeria,Salmonella,Listeria,Staphylococcusaureus,Yersinia,

Campylobacter,andEscherichiacoliO157:H7.

Preventingdiseaseslikescarletfever,tuberculosis,brucellosis,anddiphtheria.

Sterilization

Sterilizationmaybedefinedasthestatisticallycompletedestructionofallmicroorganisms

includingthemostresistantbacteriaandspores.Methodsofsterilization

1.MoistHeatSterilization:

2.DryHeatSterilization:

3.SterilizationbyRadiation:

4.SterilizationbyFiltration

5.GasSterilization:

1.MoistHeatSterilization:

Moistheatsterilizationisoneofthemosteffectivemethodsofsterilizationwherethesteam

underpressureactsasabactericidalagent.

Moistheatsterilizationusuallyinvolvestheuseofsteam attemperaturesintherange

121–134°C.

Highpressureincreasestheboilingpointofwaterandthushelpstoachieveahigher

temperatureforsterilization.

Highpressurealsofacilitatestherapidpenetrationofheatintodeeperpartsofmaterialand

moisturepresentinthesteam causesthecoagulationofproteins,causinganirreversibleloss

offunctionandactivityofmicrobes.

Themostcommonlyusedstandardtemperature-timecyclesforclinicalporousspecimens



(e.g.surgicaldressings)andbottledfluidsare134°Cfor3minutesand121°Cfor15minutes,

respectively.

Anautoclaveisadevicethatworksontheprincipleofmoistheatsterilizationthroughthe

generationofsteam underpressure.

Inthepharmaceuticalandmedicalsectors,itisusedinthesterilizationofdressings,sheets,

surgicalanddiagnostic,containers,andaqueousinjections,ophthalmicpreparations,and

irrigationfluids,inadditiontotheprocessingofsoiledandcontaminateditems.

Moistheatcanbeusedinsterilizationatdifferenttemperatures:

2.DryHeatSterilization:

Drysterilizationistheprocessofremovingmicroorganismsbyapplyingmoisture-freeheat

whichisappropriateformoisture-sensitivesubstances.

Thedryheatsterilizationprocessisbasedontheprincipleofconduction;thatistheheatis

absorbedbytheoutersurfaceofanitem andthenpassedonwardtothenextlayer.Ultimately,

theentireitem reachesthepropertemperatureneededtoachievesterilization.

Drymoisture-lessheatdestroysmicroorganismsbycausing denaturationofproteinsandalso

lysestheproteinsinmanyorganisms,causesoxidative freeradicaldamage,causesdryingof

cells,andcanevenburnthem toashes,asinincineration

Dryheatsterilizationisusedforthesterilizationofmaterialswhicharedifficulttosterilizeby

moistheatsterilizationforseveralreasons.

Substanceslikeoil,powder,andrelatedproductscannotbesterilizedbymoistheatbecause

moisturecannotpenetrateintodeeperpartsofoilymaterials,andpowdersaredestroyedby

moisture.

Similarly,laboratoryequipmentlikePetridishesandpipettesarechallengingtosterilizeby

moistheatduetothepenetrationproblem.

Thus,indryheatsterilizationusuallyhighertemperaturesintherange160–180°Care

employedandalsorequireexposuretimesofupto2hoursdependinguponthetemperature

employed.

Thisprincipleisusedininstrumentslikehotairovenandincineration,whichgeneratesvery

hotmoisture-freeair.

Inadditiontothefactthatthismethodachievesanadequatesterilityassurancelevel,this

methodalsodestroysbacterialendotoxins

InstrumentsusedforthisareHotairoven,



3.SterilizationbyRadiation:

Radiationscanbedividedintotwogroups:

1.Electromagneticwaves...infraredradiation,ultravioletlight,X-raysandgammarays.

2.Streamsofparticulatematter...alphaandbetaradiations.

Mostcommonlyinfraredradiation,ultravioletlight,gammaradiationandhigh-velocity

electronsareusedforsterilization.

Ultraviolet(non-ionizing)radiation

AnarrowrangeofUVwavelength(220-280nm)iseffectiveinkillingthemicroorganism.The

mostseriousdisadvantageofUVradiationasasterilizingagentisitspoorpenetratingpower.

Thisistheresultofstrongabsorptionbymanysubstances.TheapplicationofUVradiationis

limited.

UVradiationowingtoitspoorpenetrabilityofconventionalpackagingmaterialsisunsuitable

forsterilizationofpharmaceuticaldosageforms.

Itis,however,appliedinthesterilizationofair,forthesurfacesterilizationofasepticwork

areas,andthetreatmentofmanufacturing-gradewater.

UVlampsaresometimesplacedontheceilingsofroomsorinbiologicalsafetycabinetsto

sterilizetheairandanyexposedsurfaces.BecauseUVradiationburnstheskinanddamages

eyes,peopleworkinginsuchareasmustbecertaintheUVlampsareoffwhentheareasarein

use.

(ii)IonizingRadiations:

Ionizingradiations(X-rays,GammaraysandCosmicrays)areanexcellentsterilizingagents

andtheypenetratedeepintotheobjects.

Theseradiationsdonotproduceheatonthesurfaceofmaterials.Hence,sterilizationusing

ionizingradiationsisreferredascoldsterilization.

Itwilldestroybacterialendosporesandvegetativecells,bothProkaryoticandEukaryotic;

howeverionizingradiationisnotalwayseffectiveagainstviruses.

X-rayandgammaraysarethecommonlyusedionizingradiationforsterilization.

Thesearehighenergyradiationwhichcausesionizationofvarioussubstancesalongwith

water.

TheionizationresultsintheformationofalargenumberoftoxicO2 metaboliteslikehydroxyl

radical,superoxideion,andH2O2 throughionizationofwater.



Thesemetabolitesarehighlyoxidizingagentsandkillmicroorganismsbyoxidizingvarious

cellularcomponents.

Withionizingradiation,microbialresistancedecreaseswiththepresenceofmoistureor

dissolvedoxygenandalsowithelevatedtemperatures.

Radiationsterilizationisgenerallyexposedtoitemsinthedriedstatewhichincludesurgical

instruments,sutures,prostheses,unit-doseointments,plasticsyringes,anddry

pharmaceuticalproducts.

4.SterilizationbyFiltration:

Theprocessoffiltrationisuniqueamongsterilizationtechniquesinthatitremoves,rather

thandestroys,microorganisms.

Further,itiscapableofpreventingthepassageofbothviableandnonviableparticlesandcan

thusbeusedforboththeclarificationandsterilizationofliquidsandgases.

Theprimarymechanismsinvolvedinfiltrationaresieving,adsorption,andtrappingwithinthe

matrixofthefiltermaterial.

Filtrationusesmembranousfiltersthathavetinyporesthatlettheliquidpassthroughbut

preventbiggerparticlessuchasbacteriafrom passingthroughthefilter.Therefore,the

smallerthepore,themorelikelythefilteristostopmorethingsfrom goingthroughit.

Certaintypesoffilter(membranefilters)alsohaveanessentialroleinsterilitytesting,where

theycanbeemployedtotrapandconcentratecontaminatingorganismsfrom solutionsunder

test.

Thesefiltersarethenplacedinaliquidnutrientmedium andincubatedtoencouragegrowth

andturbidity.

Theprincipalapplicationofsterilizing-gradefiltersisthetreatmentofheat-sensitiveinjections

andophthalmicsolutions,biologicalproducts,air,andothergasesforsupplytoasepticareas.

Theymayalsoberequiredinindustrialapplicationswheretheybecomepartofventing

systemsonfermenters,centrifuges,autoclaves,andfreezedryers.

ChemicalsUsedforSterilizationorDisinfection

EthyleneOxide,Ozone.,Bleach.,GlutaraldehydeandFormaldehyde.,

Phthalaldehyde.,HydrogenPeroxide.,PeraceticAcid.,

Silver.,Phenols.



Phenoliccompounds

Phenolwasthefirstwidelyusedantisepticanddisinfectant.

In1867JosephListeremployedittoreducetheriskofinfectionduringoperations.

Todayphenolandphenolics(phenolderivatives)suchascresols,xylenols,and

orthophenylphenolareusedasdisinfectantsinlaboratoriesandhospitals.

Antimicrobialactivityinphenolderivativesisincreasedbysubstitutionofothercomponents

intothephenolringstructure.

Phenolisreadilysolubleinwaterwhilemostofitsderivativesarepartiallysoluble.

Cresolsoffourdifferenttypesareusedasdisinfectants.

Theseareo-cresol,m-cresolandhexylresorcinol.

Chemicallycresolshaveaphenolicringwithmethylgroupattachedindifferentpositions.

Cresolsformssuspensionsinwaterandareveryeffectivedisinfectants.

ThecommercialdisinfectantLysolismadeofamixtureofphenolics(cresol).This

preparationhaveasustainingodourandcontainasurfacetensionreducerinadditiontothe

microbicidal.Theyfindwideapplicationsindisinfectingfloors,furniture,barns,sheds,etcin1-

5%concentration.

Hexylresorcinolisanothercresolmarketedintheform ofasolutionmixedwithglycerineand

water.Itisasurfacetensionreductanthavingaveryhighmicrobicidalpropertyandan

antisepticinmouthwash,coughdropsetc.

Bis-phenols(hexachlorophenes)arephenolderivativeshavingtwophenolrings.

Hexachloropheneisacombinationofphenolwithchlorine.Itisagoodskinantisepticasitisa

surfactant.Antisepticsoapsandhandwashcontainhexachlorophenes.

Hexachlorophenehasbeenoneofthemostpopularantisepticsbecauseitpersistsonthe

skinonceappliedandreducesskinbacteriaforlongperiods.However,itcancausebrain

damageandisnowusedinhospitalnurseriesonlyinresponsetoastaphylococcaloutbreak.

Phenolicsactbydenaturingproteinsanddisruptingcellmembranes.Asaresultcellcontents

leakout.Precipitationofproteins,inactivationofenzymesareotherdamagescausedtothe

microbialcellduetotheinfluenceofphenols.



Theyhavesomerealadvantagesasdisinfectants:phenolicsaretuberculocidal,effectivein

thepresenceoforganicmaterial,andremainactiveonsurfaceslongafterapplication.

However,theydohaveaphenol

DETERGENTS

Detergents(L.detergere=towipeofforaway)areorganicmoleculesthatserveaswetting

agentsandemulsifiersbecausetheypossessbothpolarhydrophilicandnonpolar

hydrophobicends.

Detergentssolubilizeotherwiseinsolubleresiduesandareveryeffectivecleaningagents.

Theyaredifferentthansoaps,whicharederivedfrom fats.Sincesoapsarenotveryefficient

inhardwater,newsyntheticdetergentsorsurfactantshavebeendevelopedthatprove

superiortosoaps.

Syntheticdetergentsdonotform precipitatesinalkalineoracidwaterorwithminerals

occurringinhardwater.Thesedetergentsareusedinlaundryanddishwashingpowders,

sampoosandotherwashingpreparations,andsomeofthem arehighlybactericidal.

Chemically,syntheticdetergentsmaybeclassifiedintofollowingcategories.

(i)Anionic.AnionicDetergentsaresodium saltsofsulphonatedlongchainalcoholsor

hydrocarbons.Theyhaveanionsatthesolubleendsofthechains.E.g:Sodium Laurylsulphate

andsodium n-dodecylbenzenesulphonate.

Mainlyanionicdetergentssuchassodium orammonium laurylsulfate,sodium

dodecylbenzenesulfonate,etc.areusedintoothpastetocleantheteethandtoprovidea

foam thathelpstocarryawaythedebris.Inanionicdetergents,theanionicpartofthe

moleculeisinvolvedinthecleansingaction

Anionicsurfactantsworkbesttoremovedirt,clay,andsomeoilystains.Thesesurfactants

workfollowingionization.Whenaddedtowater,theanionicsurfactantsionizeandhavea

negativecharge.

Anionicsurfactantsarewidelyusedforindustrialaswellashouseholdcleaningandfor

pesticideformulations.Oftheanionicsurfactants,biodegradablelinear

alkylbenzenesulfonates(LAS)arethemostcommonandcanbefoundinwastewater

systemsandriverwater.

(ii)Cationic.Cationicdetergentsarequaternaryammonium saltsofamineswithacetate,

chloridesorBromidesasanions.Theyhavecationsatthesolubleendsofthechain.Cations

arelong-chainhydrocarbonshavingapositivechargeonNatom.Eg:Cetyltrimethyl

ammonium bromide.



Exampleofcationicdetergentsarequaternaryammonium compounds,benzalkonium

chlorideandcetyltrimethylammonium bromide.Theywillprecipitatewhenmixedwithan

anionicdetergent(soap)

Cationicdetergentsaremorestronglyabsorbedonfabricsthatareanionicornonionic

surfactants.Theyareusedaswettingagents,fabricsofteners,bacteriostatsandemulsifiers.

Exampleofcationicdetergentsarequaternaryammonium compounds,benzalkonium

chlorideandcetyltrimethylammonium bromide

Althoughanionicdetergentspossesssomedegreeofantimicrobialproperties,onlycationic

detergentsareeffectivedisinfectants.Themostpopularofcationicdisinfectantsare

quaternaryanmonium compounds.

Modeofaction.Detergentsmechanicallyremovethemicroorganismsfrom thesurfaces(e.g.,

skin,dirtycloths)onwhichtheyareapplied.Theyreducesurfacetensionandtherebyenhance

thewettingpowerofthewaterinwhichtheyaredissolved.Soapywateremulsifiesand

dispersesoilsanddirtsand,asaresult,themicroorganismsbecomeenmeshedinthe

detergent'slatherandareremovedbytherinsewater.However,anumberofcompoundshave

beenincorporatedintodetergentstoincreasetheirmicrobicidalactivity.


