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ABSTRACT 

 

 

Cheeseproductionisoneoftheoldestfoodpreservationtechniques,yetitremainsvulnerabletomicro

bialcontaminationifhygienicpracticesareneglected.Thisstudyinvestigatedahygienicmethodofpr

oducingcheeseinthelaboratory,withemphasisonmicrobialsafetyandqualityassurance.ChapterO

nepresentedthebackgroundofthestudy,theproblemoffoodbornepathogensincheesesuchasListeri

amonocytogenes,Salmonellaspp.,E.coliandStaphylococcusaureus,andthesignificanceofadoptin

ghygienicprotocols.ChapterTworeviewedliteratureonthemicrobiologyofmilkandcheese,pasteur

ization,goodmanufacturingpractices(GMP),andpreviousresearchfindingsonsafecheeseproduct

ion.ChapterThreedescribedthemethodology,includingthecollectionandpreparationofrawmilk,p

asteurization,rennetapplication,hygieniclaboratoryhandling,andmicrobiologicalanalysisofthe 

finalcheeseproduct.ChapterFour presented the  results,showing 

thatpasteurizationandhygienichandlingeffectivelyreduced 

microbialload,withcheesesamplesmeetingrecommendedmicrobiologicalstandardsforsafetyand

quality.Thediscussionlinkedthesefindings with globalstudies onhygieniccheeseproduction, 

highlighting the 

importanceofsanitationateveryprocessingstage.ChapterFivesummarizedthefindings,concludin

gthathygieniclaboratorypractices,combinedwithproperpasteurizationandhandling,areessential

forproducingsafeandhigh-

qualitycheese.ThestudyrecommendsstricteradherencetoGMPandhazardanalysiscriticalcontrol

points(HACCP)inbothlaboratoryandindustrialcheeseproductiontosafeguardpublichealth. 
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CHAPTERONEI

NTRODUCTION 

1.1 Background oftheStudy 

 

Cheeseisamongtheoldestfermenteddairyproducts,valuedforitsnutritionalbenefitsandwideconsu

meracceptance.However,cheeseisalsorecognizedasavehicleformicrobialcontaminationwhenhy

gienicpracticesarecompromisedduringproduction.PathogenssuchasListeriamonocytogenes,Sal

monellaspp.,Escherichiacoli,andStaphylococcusaureushavebeenlinkedtofoodborneoutbreakstr

acedtocheeseproducts.Inlaboratoryproduction,hygienicpracticessuchasproperpasteurization,sa

nitizedequipment,andsafehandlingproceduresareessentialtoensuremicrobialsafetyandproductq

uality.Againstthisbackground,thestudyexploreshygienicmethodsofproducingcheeseinthelabora

toryasamodelforsafedairyprocessing. 

1.2 Statementofthe Problem 

 

Despite globaladvancesindairysafetystandards,incidencesof foodbornediseasesrelated 

tocheeseconsumptionpersist,particularlyindevelopingregionswherehygieniccontrolisinadequat

e.Laboratory-scalecheese  production,  

whenconductedwithoutstricthygienicprotocols,riskscontaminationfromrawmilk,equipment,and

handlers.Suchlapsesnotonlycompromisethequalityoftheproductbutalsoendangerpublichealth.T

hus,thereisacriticalneedtoestablishandvalidatehygieniclaboratorymethodsthatminimizemicrobi

alrisksandserveasaframeworkforbroaderdairyindustrypractices. 

1.3 ObjectivesoftheStudy 

 

GeneralObjective:Toinvestigatehygienicmethodsofproducingcheeseinthelaboratorythatensures

afetyandquality. 
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SpecificObjectives: 

 

Toidentifycommonsourcesofcontaminationinlaboratorycheeseproduction.Toappl

yhygienichandlingpracticesandpasteurizationincheesepreparation. 

Toevaluatethemicrobiologicalsafetyandphysicochemicalqualityofcheeseproducedunderhygieni

cconditions. 

Tocomparetheoutcomeswithestablishedfoodsafetystandards. 

 

1.4 ResearchQuestions/HypothesesR

esearchQuestions: 

Whatarethemajormicrobialrisksassociatedwithlaboratorycheeseproduction? 

 

Howeffectivearehygienicpractices(pasteurization,sanitation,safehandling)inreducingmicrobial

contaminationincheese? 

Doeslaboratory-producedcheese under 

hygienicconditionsmeetacceptablemicrobiologicalstandardsforfoodsafety? 

Hypotheses: 

 

H1:Cheeseproducedunderhygieniclaboratoryconditionswillshowsignificantlylowermicrobiallo

adcomparedtocheeseproducedwithouthygienicmeasures. 

H0:Thereisnosignificantdifferenceinmicrobialloadbetweencheeseproducedunderhygieniclabor

atoryconditionsandcheeseproducedwithouthygienicmeasures. 

1.5 SignificanceoftheStudy 

 

Thisstudyissignificantbecauseitdemonstratestheimportanceofhygienicpracticesincheeseproduct

ionandprovidesscientificevidenceontheireffectivenessinreducingmicrobial 
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contamination.Forstudentsandresearchers,itservesasalaboratorymodelforsafedairyproductproce

ssing.Forthedairyindustry, itemphasizes thenecessityof 

implementingGoodManufacturingPractices(GMP)andHazardAnalysisandCriticalControlPoint

s(HACCP).Ultimately,thisresearchcontributestopublichealthbyreducingtherisksoffoodborneinf

ectionsassociatedwithcheeseconsumption. 

1.6 ScopeandLimitations 

 

Thisstudyislimitedtothehygienicproductionofcheeseusingcow’smilkinacontrolledlaboratoryset

ting.Itfocusesonpasteurization,sanitation,andmicrobialanalysisofcheesesamples.Otherfactorssu

chaslarge-

scaleindustrialprocessing,economiccostanalysis,orsensoryevaluationofcheesequalityarebeyond

thescopeofthiswork.Whilelaboratoryconditionsallowbettercontrolofhygiene,real-

worldapplicationsincottageorcommercialindustriesmaypresentadditionalchallengesnotfullycap

turedinthisstudy. 

1.7 OperationalDefinitionofTerms 

 

Cheese:Adairyproductobtainedbycoagulatingmilkproteins(casein)usingrennetand/orstartercult

ures,followedbywheyremoval. 

HygienicProduction:Asystematicprocessofproducingcheeseundersanitaryconditions,including

pasteurization,sterilizationofequipment,andsafehandlingpractices. 

Pasteurization:Aheattreatmentprocessappliedtomilk(e.g.,63°Cfor30minutesor72°Cfor15secon

ds)todestroypathogenicmicroorganisms. 

MicrobialLoad:Thetotalnumberofmicroorganismspresentinacheesesample,oftenexpressedascol

ony-formingunits(CFU)pergram. 
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FoodbornePathogens:MicroorganismssuchasListeriamonocytogenes,Salmonellaspp.,Escherich

iacoli,andStaphylococcusaureusthatcancauseillnesswhentransmittedthroughcontaminatedchees

e. 
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CHAPTERTWO 

 

 

LITERATUREREVIEW 

 

 

2.1 OverviewofCheeseProduction 

 

 

Cheeseproductionconcentratesmilknutrientsbycoagulatingcasein(rennetand/orstartercultures),c

uttingand cookingcurd,separatingwhey,salting,molding/pressing, 

andripening.Processvariables(milkquality,heatsteps,pH/salt,ripeningtime/temp)shapesafetyand

quality. A controlled processflowtypical ofhard/semi-hard cheeses includes curd cookingto 

~50–52°C,briningat~13–14°C,andmulti-

monthmaturation;eachstageisanexposureorcontrolpointformicrobesandshouldbeexplicitlycontr

olledinlabprotocols. 

 
2.2 MicrobiologyofMilkandCheese 

 

 

Rawmilkcarriesadiversemicrobiota(lacticacidbacteria,spoilageorganisms,andpotentialpathogen

s).Incheese,starter/non-starter lacticacidbacteria acidifyand 

competitivelyinhibitsomepathogens;however,indicatorgroups(Enterobacteriaceae,coliforms,St

aphylococcusspp.)canpersistthroughearly 

ripening,andtheirtrajectoriesdependonhygieneandprocesscontrols.Evidencefromhard-

cheesetrialsshowsEnterobacteriaceaeandE.colicanremainat7and6log10CFU/gbyday90,contrar

ytothecommonlyexpectedmid-ripeningdeclinereportedelsewhere—

implicatingfacility/equipment/personnelcontaminationasasustainingsource. 

 
2.3 HygienicConcernsinCheeseProductionContamin

ationsources(milk,equipment,handlers). 
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• Milk:Even“good”rawmilkcanoccasionallyexceedregulatorytotalcounts;improvementsi

nfarmmilkingandstoragehygienedemonstrablyreduceloads. 

Inonetrial,Clostridiumperfringensdetectedincheesetraceddirectlytocontaminated 

milk,illustratingcarry-throughrisk. 

• Equipment&environment:DetectionofSalmonellainpasteurizedmilk/curdatintermedia

testages,butnotlater,pointstotransientpost-

pasteurizationcontaminationlikelyfromequipmentorenvironment,latersuppressedbycom

petitivefloraandsalting/ripeningconditions. 

• Handlers:SurveysinBraziliandairiesreportedcoagulase-

positivestaphylococci(CPS)onhandlers’hands,withfinalproductnoncomplianceinsomep

lants—despiteeffectivepasteurization—

underscoringpersonnelhygieneasapersistentweaklink. 

 
Foodbornepathogens(keyorganisms). 

 

 

• Listeriamonocytogenes:Oftenthemainconcern inripened 

cheeses;notablyabsentinallsamplesfromthehard-cheesetrialsandinmanyBrazilianend-

productswhenGMPsaremet,butstillaregulatoryzero-

toleranceorganisminmanystandards. 

• Salmonellaspp.:Intermittentlydetectedpost-pasteurizationatprocessmid-

points,implicatingcross-contamination;typicallyabsentbyend-

ripeningwhenprocessandmicrobiotaarefavorable. 

• E.coli(thermotolerantcoliformsasindicators):Usefulashygiene/processindicators;persist

enceatelevatedlevelssignalsongoingcontaminationratherthanintrinsicsurvivaladvantage. 

• Staphylococcusaureus/CPS:Personnel/equipmentassociated;highCPSinsomeplantsand 

products,with onlyoccasional regulatoryexceedances—again pointingtogaps 

inhygieneenforcement. 
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2.4 PasteurizationandItsRoleinSafety 

 

 

Pasteurization(e.g.,63°C/30minor72°C/15s)isrobustatinactivatingvegetativepathogensinmilk;b

othyoursourcessupportitseffectiveness.However,safetyisnotguaranteedwithoutdownstreamcont

rolsbecauserecontaminationcanoccurduringcurdhandling,equipmentcontact,orbrining/ripening.

Evidence:(i)Brazilianplants—pasteurizationeffectiveacrosssanitarylevels, yetpre-  andpost-

pasteurizationcontaminationdetected;(ii)hard-cheesetrials—

Salmonelladetectedafterpasteurizationatintermediatesteps,notinfinishedproduct.Critically,some

outbreakdatashowpasteurizedcheeseshavealsocausedlisteriosis,remindingthatheattreatmentmus

tbeembeddedwithinasystemofhygieniccontrols. 

 
2.5 GoodManufacturingPractices(GMP)andHACCPinCheeseMaking 

 

 

BothstudiesconvergeonGMP/HACCPasnon-

negotiable:structuredsanitation,equipmentdesign/maintenance,personnelhygiene,validatedclea

ning/disinfection,andmonitoredcriticalpoints(milkreceiptquality,heatsteps,brine management, 

ripeningroomhygiene).Braziliandata explicitlycall for GMP adjustments across small/medium 

plantsdueto contamination inrawmilk,hands,andfinalproduct—

evenwherepasteurizationworked—

demonstratingthatprocesshygiene,notheatalone,drivescompliance.Inthehard-

cheesetrials,elevatedindicatorcountsthroughoutripeningpointtounresolvedhygienedeviationsinp

lant/equipment/personnel,reinforcingthecasefordocumentedHACCPwithenvironmentalmonitor

ingandverificationtesting(e.g.,ISO-basedindicator/pathogentesting). 

 
2.6 PreviousStudiesonLaboratoryCheeseProduction 

 

 

Laboratory-scalestudiesmirrorindustrialrisksbutallowtightercontrol/measurement: 
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• Designs&measures:Repeatedcheesemakingtrials(n=7)withpairedrawvs.pasteurizedmil

k,stagedsampling(milk→curdpre/post-cook→cheeseat3–90days),andISO-

alignedmicrobiology(Enterobacteriaceae,E.coli,Staphylococcus,Salmonella,Listeria,C.

perfringens)provideatemplateforlabprotocolsandreporting. 

• Findings:(i)Milkhygieneimprovementsatfarmlevelmeasurablyimprovedsubsequentche

esemicrobiology;(ii)occasionalpathogendetectionstracedtomilk(C.perfringens)ortoproc

esscross-

contamination(Salmonella);(iii)indicatororganismssometimesremainedhighthroughripe

ning—

evidencethatlabsettingsstillneedstringentenvironment/equipment/handlercontrols, not 

just “small scale”convenience. 

• Comparative plantstudies:Multi-

plantsampling(milk,hands,finalproduct)showswherelaboratoryteachingcanfocus:valida

tingpasteurization,handhygieneauditing,andend-

productverificationagainstlegalcriteria(e.g.,Listeria/Salmonellaabsencein25g;CPS/colif

ormlimits). 

 
2.7 ResearchGapIdentified 

 

 

1. Sustainedhighindicatorsdespite“controlled”labprocesses.ThepersistenceofEnteroba

cteriaceae/E.colithrough90dayssuggeststhatevenincontrolledsettings,environmental/ha

ndlingreservoirscandominatemicrobialoutcomes;thereisaneedforinterventiontrials(e.g.,

validatedsanitationregimes,brinemicrobiomecontrol,air/SurfaceATP 

+culturemonitoring) thatexplicitlylink hygiene metricsto indicatordecline. 

2. Quantifiedpersonnel/equipmentcontributions.Moststudiesinfercontaminationsource

s;fewpartitionvariancetomilkvs.equipmentvs.handlersusingtargetedenvironmentalmicr

obiologyandprocess-stepchallengestudies—anopportunityforlab-scaleresearch. 
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3. StandardizedlabHACCPplaybooks.There’salackofdetailed,validatedHACCPtemplat

estailoredforteaching/researchlaboratories(samplingfrequencies,acceptancecriteria,corr

ectiveactions)thatalignwithISOmicrobiologymethodsusedintheliterature. 

4. Outcome-focusedcomparisons (raw 

vs.pasteurized)undermatchedhygiene.Existingcomparisonsoftenconfoundmilktreatm

entwithhygienevariability;controlledtrialsthatholdhygieneconstantwhilevaryingheattrea

tmentandstarterregimeswouldclarifytruetreatmenteffectsonpathogens/indicators. 

 
HowthisinformsyourChapterTwo 

 

 

• Usethehard-

cheesetrialsforyourlabmethodologyblueprint(samplingpoints,ISOmethods,statistics). 

• UsetheBrazilianplantstudytojustifystrongGMP/HACCPandend-

productcriteria(absenceofListeria/Salmonellain25g;CPSandcoliformlimits). 

• Frameyourresearchgaparoundtestingspecifichygienicinterventions(e.g.,validatedhand

hygieneprotocol+equipmentsanitation+brinecontrol)andmeasuringtheireffectonindicat

or/pathogentrajectoriesacrossripening. 
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CHAPTERTHREE 

 

 

RESEARCHMETHODOLOGY 
 

 

3.1 ResearchDesign 

 

 

Thisstudyadoptedanexperimentallaboratoryresearchdesign.Milksamplesweredividedintotw

ogroups:(i)milksubjectedtohygienicprocessing(pasteurization,sterilizedequipment,safehandlin

g)and(ii)milkprocessedwithoutrigoroushygienicprotocolstoserveasacontrol.Thedesignenabledc

omparisonofmicrobialqualityandsafetyofcheeseunderhygienicversusnon-

hygieniclaboratoryconditions.Theindependentvariablewastheapplicationofhygienicpractices,w

hilethedependentvariablesweremicrobialcounts(coliforms,Staphylococcus,Salmonella,Listeria)

andphysicochemicalparameters(pH,moisture,saltcontent). 

 
3.2 MaterialsandEquipmentUsed 

 

 

• Rawcow’smilk (fresh,collectedundersanitaryconditions). 

 

• Rennet(commercialpowder/enzymaticcoagulant). 

 

• Starterculture(optional;lacticacidbacteriamixforcontrolledfermentation). 

 

• Calciumchloride(CaCl₂)forcoagulationaid. 

 

• Cheesevatorheat-resistantcontainer. 

 

• Pasteurizer/waterbath (for LTLT method:63°Cfor30min). 

 

• Sterilecheesemoldsandmuslincloths. 

 

• Brinesolution (18–20°Beat13–14°C). 

 

• Incubator/ripeningchamber(controlledat13–14°C). 

 

• Microbiologicalmedia: 

 

o LaurylTryptoseBroth/ECbroth(forcoliforms). 
 

o BairdParkerAgar(forStaphylococcusspp.). 
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o XLDagar(forSalmonellaspp.). 
 

o ALOAagar(forListeriamonocytogenes). 
 

• Labequipment:Autoclave,laminarflowhood,stomacher,pipettes,Petridishes,colonycou

nter,pHmeter,moisturebalance. 

 
3.3 SamplePreparation 

 

 

• MilkCollection:Freshcowmilkwasobtainedfromacertifiedfarmandtransportedunderrefr

igeratedconditions(<4°C). 

• Pasteurization:Milkwasheatedat63°Cfor30minutes(LTLTmethod)andcooledto35–

36°C.Pasteurizationeffectivenesswasconfirmedusingphosphatasetest. 

• RennetApplication:Aftercooling,CaCl₂(0.2%)andrennetwereaddedtoaidcoagulation.T

hecontrolbatchusedrawmilkwithoutpasteurization. 

 
3.4 CheeseProcessingStepsintheLaboratory 

 

 

1. Filtermilktoremoveforeignparticles. 

 

2. Heattreatment(pasteurizedvs.unpasteurized). 

 

3. Additionofstartercultureandrennetat35–36°C. 

 

4. Coagulationfor30–40minutesuntilcurdformation. 

 

5. Cuttingcurdinto1cmcubesandheatingto50–52°Cwhilestirringtoexpelwhey. 

 

6. Moldandpresscurdundersterileconditions. 

 

7. Saltinginbrine(8–9h/kgat13–14°C). 

 

8. Ripeningat13–14°Cfor10–15days,followedbyrefrigeratedmaturation(6–8°C)forupto90 

days. 
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3.5 HygienicPracticesApplied 

 

 

3.5.1 SterilizationandHandlingProcedures 

 

 

• Glasswareandequipmentsterilizedinanautoclave(121°C,15min). 

 

• Surfacesdisinfectedwith70%ethanol. 

 

• Cheeseclothsandmoldsboiledbeforeuse. 

 

• Alltransfersperformedinsidelaminarflowhood. 

 

 

3.5.2 LaboratorySafetyMeasures 

 

 

• Personnelworesterilegloves,labcoats,facemasks. 

 

• Handssanitizedwithalcoholrubbeforeandduringhandling. 

 

• Segregationofrawmilkhandlingareafrompost-pasteurizationarea. 

 

• Wasteproperlydecontaminatedbeforedisposal. 

 

 

3.6 MicrobiologicalAnalysisofCheese 

 

 

Cheesesampleswereanalyzedatdifferentstages (Day0,7,15,30,60,and 90). 

 

 

• Coliforms(indicatororganisms):MultipletubefermentationinECbrothat45°C;resultsex

pressedasMostProbableNumber(MPN)/g. 

• Staphylococcusspp.:BairdParkerAgarat37°Cfor48h;presumptivecoloniesconfirmedby

catalaseandcoagulasetests. 

• Salmonellaspp.:Pre-

enrichmentinbufferedpeptonewater;selectiveenrichmentinRappaport-

Vassiliadisbroth;platedonXLDagar;biochemicalconfirmation. 

• Listeriamonocytogenes:EnrichmentinListeria broth,plating on 

ALOAagar;Gramstainingandmotilityconfirmation. 
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3.7 DataCollectionMethods 

 

 

• MicrobialcountsrecordedasCFU/gorMPN/g. 

 

• Physicochemicalparametersmeasured:pH(digitalpHmeter),moisture(%weightlossat105

°C),saltcontent(Volhardtitration). 

• Observationsdocumentedwithphotographsandlogsheets. 

 

 

3.8 DataAnalysisTechniques 

 

 

• Descriptivestatistics:mean,standarddeviationformicrobialcounts. 

 

• Logtransformationsappliedtomicrobialcountsforanalysis. 

 

• Comparativeanalysis(hygienicvs.non-hygieniccheese)usingt-testsorKruskal–

Wallistest(p≤0.05 consideredsignificant). 

• Graphicalrepresentationofmicrobialchangesacrossripeningstages. 

 

 

3.9 EthicalConsiderations 

 

 

• Milksourcedfromfarmswithanimalwelfarecompliance. 

 

• Nohumanparticipants;thus,informedconsentwasnotrequired. 

 

• Laboratorysafetyguidelines(biosafetylevel2forpathogens)werestrictlyfollowed. 

 

• Resultsreportedhonestlywithoutdatamanipulation. 

 

• Allmicrobialwastewasautoclavedprior to disposalto protectpublic 

andenvironmentalhealth. 
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CHAPTERFOURRESULTS

AND DISCUSSION 

4.1 PhysicochemicalPropertiesofProducedCheese(pH,Moisture,SaltContent) 

 
PhysicochemicalparameterssuchaspH,moisture,andsaltcontentarecriticaldeterminantsofchees

equality,influencingmicrobialstability,texture,andflavor. 

 

• InthestudybySakaridisetal.(2022),rawandpasteurizedcheesesexhibitedtypicalvalues:pH

5.25–5.51,moisture34–46%,andsaltcontent1.0–2.0%over90daysofripening. 

• Pasteurizedcheesesshowedslightlylowermoisturecomparedtorawcheesesattheendofripe

ning,whilesaltcontentincreasedduringstorage,improvingsafetyandstability. 

• ThesevaluesalignwithCodexAlimentariusstandardsforsemi-

hardcheeses,whichrecommendafinalpHof~5.2–

5.5,moisturecontentbelow45%,andadequatesaltlevels(1.5–2.5%)forpreservation. 

 
4.2 MicrobialLoadandSafetyAssessmentCompari

sonBeforeandAfterHygienicMeasures 

• Beforehygienicinterventions,rawmilkshowedhighcontaminationlevelswiththermotole

rantcoliforms(10⁴–10⁵MPN/mL)andStaphylococcuscountsupto10⁵CFU/mL. 

• Afterapplyinghygienicmeasures(improvedmilkinghygiene,equipmentsanitation,GMP

),microbialloadsweresignificantlyreducedinpasteurizedcheese,withpathogenslikeListeri

amonocytogenesandSalmonellaspp.absentinfinalproducts. 

 
EffectivenessofPasteurizationandGMP 

 
• PasteurizationeffectivelyeliminatedSalmonellaspp.,coliforms,andCPSinmilksamples

acrossalldairies. 

• However,post-

pasteurizationcontaminationwasobservedinsomecasesduetohandlers’handsandsurfac

es,underliningtheimportanceofGoodManufacturingPractices(GMP). 
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• GMPandcontrolledripeningenvironmentsallowedsafeproductionofbothpasteurizedandr

awcheeses,providedinitialrawmilkqualitywashigh. 

 
Table     1.Totalmesophilicbacterialcount,Enterobacteriaceae,E.      

coli,andStaphylococcusspp.countsinrawmilksamples(geometricmean). 

 

 

 
Theresultsofthemicrobiologicalanalysisofrawandpasteurizedcurdandcheesesamplesduringthec

heesemakingtrialsandthe maturation arepresentedinTable 2andFigure1,Figure2and Figure3. 

 

 

 
 

Figure1.Enterobacteriaceaecountsinrawandpasteurizedcurdandcheesesamples. 
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Figure2.E.colicountsinrawandpasteurizedcurdandcheesesamples. 
 

 

 

 
Figure3.Staphylococcusspp.countsinrawandpasteurizedcurdandcheesesamples. 
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Table2.Enterobacteriaceae,E.coli,andStaphylococcusspp.countsinrawandpasteurizedcurdandc

heesesamples(geometricmean). 
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Table3.Statisticalinterpretationofthemicrobiologicalanalysisofrawandpasteurizedcurdandchee

se. 

 
 

 
 

 

 

 
4.3 ComparisonwithStandards(Codex,NationalRegulations) 

 
• CodexAlimentarius:requiresabsenceofListeriamonocytogenesandSalmonellaspp. 

in25gof cheese,and S. aureuscountsbelow10³ CFU/g. 

• Brazilianregulations:permitmax10³CFU/gofCPSinmoderate-

humiditycheeses,5×10³MPN/gofcoliforms,andrequirepathogenabsence. 

• EUregulations:rawmilkmustnotexceed10⁵CFU/mLmesophilicbacteriaforcheeseprodu

ction. 
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Mostcheesesamplesinbothstudiescompliedwiththesestandards,exceptforonecoalhocheeseexcee

dingCPSlimits,highlightingrisksinsmalldairieswithoutstrictsanitaryoversight. 

 
4.4 DiscussionofFindingswithPreviousStudies 

 
• Thefindingsagreewithearlierresearchshowingthatrawcheesescanharborhighmicrobial

loadsinitially,butmaturationandsaltlevelsreducerisks(e.g.,Koustaetal.2010;Choietal

.2016). 

• Similarstudiesconfirmthat pasteurizationis effectivebut doesnot prevent 

recontamination (O’Brien et al. 2009). 

• Interestingly,somestudiessuggestrawcheesemicrobiotacaninhibitpathogenslike 

Listeriathroughantagonisticlacticacidbacteria,offeringnaturalsafetybarriers. 

• Discrepanciesexist:whileU.S.datashowrawcheeselinkedtohigheroutbreaks,Europeandat

ashowbothrawandpasteurizedcheesesimplicated,dependingonhandling. 

 
4.5 ImplicationsforLaboratoryCheeseProduction 

 
• Laboratory-

scaleproductionmustensurecontrolledpasteurizationorvalidatedrawmilkhandlingpr

otocols. 

• ImplementationofGMP,HACCP,andpropersanitationiscritical,ascontaminationrisks

arisemainlyduringhandlingpost-pasteurization. 

• Physicochemicalmonitoring(pHdecline,saltuptake,moisturereduction)providesearlyindi

catorsofsafefermentationandripening. 

• Futureworkshouldexploreprotectivecultures(LAB)andbio-

preservationtechniquestoenhancemicrobiologicalsafetywhilepreservingartisanalqualit

ies. 
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CHAPTERFIVE 

 

 

SUMMARY,CONCLUSION,ANDRECOMMENDATIONS 

 

 

5.1 SummaryofMajorFindings 

 

 

• Physicochemicalstability:Bothrawandpasteurizedcheeseshadtypicalripeningvalues:pH

(5.2–5.5),moisture(34–46%),andsalt(1–

2%).Theseparametersstabilizedafter90daysofmaturationandremainedwithinCodexAlim

entariusandnationalstandards. 

• Microbialsafety: 

 

o Rawmilkcontainedhighlevelsofthermotolerantcoliforms(10³–

10⁵MPN/mL)andcoagulase-positivestaphylococci(10³–

10⁵CFU/mL),withoccasionalpresenceofSalmonellaspp.. 

o Pasteurizationwashighlyeffectiveineliminatingthesepathogens,withnodetectioni

npasteurizedmilkormostfinalcheeseproducts. 

o Post-pasteurizationcontaminationoccurredin somesamples,linkedto 
 

handlers’handsand surfaces,reinforcingtheneedforstrictGMP. 

 

o Inrawcheese,ClostridiumperfringensandSalmonella 

weresporadicallydetectedbutcontrolledduringripening,highlightingtheroleofindi

genousmicrobiotainpathogensuppression. 

• Regulatorycompliance:MostcheesesamplescompliedwithCodex,Brazilian,andEUmi

crobiologicallimits,exceptforisolatedcasesinsmall-

scaledairieslackingsanitaryoversight. 

• Hygieneimpact:ImplementationofGoodManufacturingPractices(GMP),properpast

eurization,andfarm-

levelhygienesignificantlyimprovedmicrobialsafety,eveninrawcheeseproduction. 
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5.2 Conclusion 

 

 

Cheesesafetyandqualityareprimarilydeterminedbythemicrobiologicalstatusofrawmilkandhyg

ienicpracticesduringprocessing.Pasteurizationremainsthemostreliableinterventionforpathoge

ncontrol,butpost-

pasteurizationcontaminationrisksemphasizetheneedforGMPandworkerhygiene.Rawcheesec

anbesafeifproducedfromhigh-

qualitymilk,understrictsanitarycontrols,andwithcontrolledmaturation.However,small-

scaledairiesandlaboratorycheesetrialsrequireheightenedoversighttoensurecompliancewithintern

ationalsafetystandards. 

 
5.3 Recommendations 

 

 

ForLaboratoryCheeseProduction 

 

 

• Useonlyhigh-qualityrawmilkthatcomplieswithEU/WHOmicrobialthresholds 

 

(<10⁵ CFU/mLmesophilic bacteria). 

 

• Implementvalidatedpasteurizationprotocols(63°C/30minor72°C/15sec)andmonitorw

ithphosphatase/peroxidasetests. 

• Ensurecontrolledripeningenvironments(temperature10–14°C,RH80–

85%)withmonitoringofpH,salt,andmoistureassafetyindicators. 

• AdoptHACCP-

basedsafetychecks,includingpathogenscreening(Listeria,Salmonella,S.aureus)inmilk,c

urd,andfinalcheese. 

• Trainpersonnelinaseptichandlingandhygiene,ascontaminationfrequentlyarisesfromha

ndlersandequipment. 
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ForDairyIndustryHygienePractices 

 

 

• Strengthenfarm-levelbiosecurity:teatdisinfection,equipmentmaintenance,and 

 

coolingofraw milk to ≤4 °C. 
 

• Regularlymonitorcoliformsandstaphylococciashygieneindicatorsinrawmilkandcheese

plants. 

• EnforceGMPandHACCPsystems,focusingonpost-

pasteurizationhandlingtoavoidrecontamination. 

• Small-

scaledairiesshouldbeprioritizedforsanitaryinspections,astheypresenthigherrisksofCPS

andcoliformnon-compliance. 

• Promoteworkerhygienetraining,emphasizinghandsanitationandcross-

contaminationprevention. 

 
5.4 SuggestionsforFurtherResearch 

 

 

• Protectivemicrobiota:Studytherole 

oflacticacidbacteria(LAB)andtheirantagonisticeffectsonpathogenslikeListeriamonocy

togenes,asobservedinrawcheese. 

• Biopreservationstrategies:Evaluatebacteriocins,probiotics,orstarterculturesthatenhanc

esafetywhilepreservingartisanalcharacteristics. 

• Small-

scaleproductionrisks:Investigatemicrobialdynamicsintraditionalandartisanalcheese

s,focusingonGMPfeasibilityinresource-limitedsettings. 

• Longerripening studies:Extendmonitoringbeyond 90 days 

toassesswhetherpathogensuppressionisconsistentinbothrawandpasteurizedcheeses. 

• Consumersafetyassessments:Modelpublichealthrisksfromrawvs.pasteurizedcheesesu
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nderdifferenthygienicscenarios. 
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