
LECTURE-1
Microbialspoilageoffoods.

Causeofspoilage:
Spoilagemaybeduetooneormoreofthefollowing:-
1.Growthandactivityofmicroorganisms
2.Insects
3.Actionoftheenzymesoftheplantoranimalfood.
4.Purelychemicalreactionsi.e.,thosenotcatalysedbyenzymes
ofthetissuesorofmicro
organisms
5.Physicalchangessuchasthosecausedbyfreezing,burning,

drying,pressureetc.

Classificationoffoodsbyeaseofspoilage:
1.Stableornonperishablefoods:
Thesefoodswhichdonotspoilunlesshandledcarelesslyinclude
suchproductsassugar,flouranddrybeans.
2.Semiperishablefoods:
Ifthesefoodsareproperlyhandledandstored,theywillremain
unspoiledforafairlylong
period.
Ex:Potatoes,applesetc.
3.Perishablefoods:
Itincludesmostimportantdailyfoodsthatspoilreadily
Ex:Meats,fish,poultry,milk,eggs,fruitsandvegetables.

Factorsaffectingthegrowthofmicroorganismsinfood:
Associativegrowth:
Associationsofmicroorganismswitheachotherareinvolvedin
spoilageorfermentationofmostfoods.
Competitionbetweenthedifferentkindsofbacteria,yeastsand
moldsinafoodordinarilydetermineswhichonewilloutgrowthe
othersandcauseitscharacteristictypeofspoilage.Ifconditions
arefavourableforall,bacteriausuallygrowfasterthanyeastsand
yeastsfasterthanmolds.
Microorganismsarenotalwaysantagonisticorantibiotictoeach
other,howeverand
maysometimesbesymbiotici.e.,mutuallyhelpful.
Sometimestheyaresynergistici.e.,whengrowingtogetherthey
maybeabletobringaboutchangessuchasfermentations.

Ex:Pseudomonassyncyaneagrowingaloneinmilkproducelight



brownishtingeand
streptococcuslactisnocolorchangeinmilk.Whentwoorganisms
growtogether,abrightbluecolordevelopsresultingfrom PH
effectonthebrownpigmentproducedbyP.syncyanea.

Metabiosisinwhichwhenoneorganism makesconditions
favourableforgrowthofthesecond.Bothorganismsmaybe
growingatthesametime,butmorecommonlyonesucceedthe
other.
Ex:Rawmilkatroom temperaturenormallyfirstsupportsanacid
fermentationbystreptococcuslactisandcoliform bacteriauntil
thebacteriaareinhibitedbytheacidtheyhaveproduced.Nextthe
acidfolerantlactobacilliincreasetheacidityfurtheruntiltheyare
stopped.Thenfilm yeastsandmoldsgrowoverthetop,finally
reducingtheaciditysothatproteolyticbacteriacanbecomeactive.

Effectofenvironmentalconditions:
Environmentdetermineswhichthedifferentkindsofmicro
organismsinafoodwill
outgrowtheothersandcausesitscharacteristictypeofchangeor
spoilage.Chiefamongthesefactorsaretheintrinsicorchemical
propertiesandextrinsicorphysicalpropertiesofthefood.

Factorsaffectingthegrowthandsurvivalofmicro-organismsin
foods.

Intrinsicparameters:
Theparametersofplantandanimaltissuesthatareinherentpart
ofthetissuesarereferred
toasintrinsicparameter.Theseparametersareasfollows:

1.pH:
PH:Itisthenegativelogarithm ofthehydrogenionactivity.

pH=Hydrogenionactivity
Everymicroorganism hasaminimal,amaximalandanoptimalpH
forgrowth.
BacteriagrowfastestinthepHrange6.0–8.0,yeasts4.5–6.0
andfilamentousfungi3.5–4.0.

Inherentacidity:
SomefoodshavealowpHbecauseofinherentpropertyofthe
food.Ex:Fruits&
vegetables.



Biologicalacidity:
Somefoodsdevelopacidityfrom theaccumulationofaciddaring
fermentation.Ex:curd,sauerkraut,picklesetc.
MoldscangrowoverawiderangeofpHvalesthantheyeastand
bacteria.Film yeastsgrowwellonacidfoodssuchassauerkraut
andpickles.Mostyeastsdonotgrowwellinalkalinesubstrates.
Bacteriawhichareacidformersarefavouredbymoderateacidity.
Activeproteolyticbacteria,cangrowinmediawithahighpH
(alkaline.)Ex:Eggwhite.ThecompoundsthatresistchangesinpH
areimportantnotonlyfortheirbufferingcapacitybutalsofortheir
abilitytobeespeciallyeffectivewithinacertainpHrange.butalso
fortheirabilitytobeespeciallyeffectivewithinacertainpHrange.

Vegetablejuiceshavelowbufferingpower,permittingan
appreciabledecreaseinpHwiththeproductionofsmallamountof
acidbylacticacidbacteriaduringtheearlypartofsauerkrautand
picklefermentations.Thisenablesthelacticstosuppressthe
undesirablepectin–hydrolyzingandproteolyticcompeting
organisms.Lowbufferingpowermakesforamorerapidly
appearingsuccessionofmicro-organismsduringfermentation
thanhighbufferingpower.
EggwhitewherethepHincreasestoaround9.2asCO2islost
from theeggafterlaying.Fishspoilmorerapidlythanmeatunder
chillconditions.ThepHofmammalianmuscle,round5.6anditis
lowerthanthatoffish(6.2-6.5)andthiscontributestothelonger
storagelifeofmeat.
TheabilityoflowpHtorestrictmicrobialgrowthhasbeen
employedsincetheearliesttimesinthepresentationoffoodswith
aceticandlacticacids.
FruitsareacidicthanvegetablespHofmilk–neutral.Fruits
generallyundergomoldandyeastspoilagethanvegetables.

2.Redoxpotential(Eh):-Oxidation–reductionpotential:
Oxygentensionorpartialpressureofoxygenaboutafoodandthe
ORpotentialor
reducingandoxidisingpowerofthefooditself,influencethetype
oforganismswhichwillgrowandhencethechangesproducedin
thefood.TheORpotentialofthefoodisdeterminedby:
1.CharacteristicORpotentialoftheoriginalfood.
2.Thepoisingcapacityi.e.,theresistancetochangeinpotentialof
thefood.



3.Theoxygentensionoftheatmosphereaboutthefood.
4.Theaccesswhichtheatmospherehastothefood.
Headspaceinan“evacuated”canoffoodcontainlowoxygen
tensioncomparedtoair.
Microorganismsareclassifiedasaerobic,anaerobic,and
facultativebasedontheAcinetobacterrequirementofO2.
Molds–aerobic

Yeasts–Aerobicandfacultative.
Bacteria–Aerobic,anaerobicandfacultative.

HighO-Rpotentialfavoursaerobesandfacultativeorganisms.
LowO-Rpotentialfavoursanaerobicandfacultativeorganisms.

HoweversomeaerobesgrowatlowO-RpotentialO-Rpotentialof
asystem isusuallywrittenEhandmeasuredandexpressedin
termsofmillivolts(mv).
HighlyoxidisedsubstratewouldhaveapositiveEhandareduced
substratehaveanegativeEh.Aerobicmicroorganismsrequire
positiveEh.Ex:Bacillus,Micrococcus,Pseudomonasand.
AnaerobicmicroorganismsrequirednegativeEh.Ex:Clostridium
MostfreshplantandanimalfoodshavealowandwellpoisedO–
Rpotentialintheirinteriorbecauseplantscontainreducing
substanceslikeascorbicacidandreducingsugarswhereas
animaltissuescontain–SH(Sulfhydryl)andotherreducing
groups.Aslongastheplantoranimalcellsrespireandremain
active,theyhavelowlevelofO-Rpotential.Meatcouldsupportthe
aerobicgrowthofshineformingorsouringbacteriaatthesame
timethatanaerobicputrefactionwasproceedinginthe
interior.Heatingandprocessingmayalterthereducingand
oxidisingsubstancesoffood.
Ex:Fruitjuiceslostreducingsubstancesbytheirremovalduring
extractionandfiltrationbytheirremovalduringextractionand
filtrationandthereforehavebecomemorefavourableforthe
growthofyeasts.

3.Nutrientcontent:
Foodisrequiredforenergyandgrowthofmicroorganisms.
Carbohydratesespeciallythesugarsarecommonlyusedasan
energysource.Complexcarbohydratessuchascellulosecanbe
utilizedbyfeworganismsandstarchcanbehydrolysedbyanya
limitednumberoforganisms.Manyorganismscannotusethe
disaccharidelactose(Milksugar)andthereforedonotgrowwellin
milk.



Maltoseisnotattackedbysomeyeasts.Somemicroorganisms
hydrolyzepectinofthefruitsandvegetables.
Limitednumberofmicroorganismscanobtaintheirenergyfrom
fatsbyproducinglipases.Aerobictheirenergyfrom fatsby
producinglipases.Fatsarehydrolyzedtoglycerolandfattyacids.
Aerobicmicroorganismsaremorecommonlyinvolvedinthe
decompositionoffatsthanareanaerobiconesandthelipolytic
organismsusuallyarealsoproteolytic.Hydrolysisproductsof
proteins,peptidesandaminoacidsserveasanenergysourcefor
manyproteolyticorganismswhenabetterenergysourceislacking.
MeatsaredecomposedbyproteolyticspsEx:Pseudomonassps.
Concentrationoffoodinsolutionincreasestheosmoticeffectand
amountofavailablemoisture.Molds&yeastscangrowinthe
highestconcentrationsofsugars.Bacteriacangrowbestinlow
concentrationofsugars.Microorganismsdifferintheirabilityto
usevariousnitrogenouscompoundsasasourceofnitrogenfor
growth.Manyorganismsareunabletohydrolyzeproteinsand
hencecannotgetnitrogenfrom them.Peptides,aminoacids,urea,
ammoniaandothersimplernitrogenouscompoundsmaybe
availabletosomeorganismsbutnottoothers.Thesecompounds
maybeusedundersomeenvironmentalconditionsbutnotunder
otherconditions.
Ex:Somelacticacidbacteriagrowbestwithpolypeptidesas
nitrogenfoods,cannotattackcasein.
Somemicroorganismsusefermentablecarbohydratesandresults
inacidproductionwhichsuppressestheproteolyticbacteriaand
henceitiscalledsparingactiononthenitrogencompounds.Many
kindsofmoldsareproteolyticbutveryfewyeastsareactively
proteolytic.ProteolyticbacteriagrowbestatpHvaluesnear
neutralityandareinhibitedbyacidity.Carbonforgrowthmaycome
partlyfrom CO2andalsofrom organiccompounds.Minerals
requiredbymicroorganismsarealwayspresentinlowlevel.
Sometimesanessentialmineralmaybeunavailable,lackingor
presentininsufficientamounts.Ex:Milkcontainsinsufficientiron
forpigmentationofthesporesofPenicillium roqueforti.
Accessoryfoodsubstancesorvitaminsneededbytheorganisms.
Somemicroorganismsareunabletomanufacturesome
vitamins.MeatsarehighinBvitaminsandfruitsarelow,butfruits
arehighinascorbicacid.Eggwhitecontainsbiotinbutalso
containsavidin.Thisavidintiesupbiotinmatingitunavailableto
microorganismsandeliminatingpossiblespoilageorganisms.
Thiamine,pantothenicacid,folicacidgroupandascorbicacidare
heatlabileanddryingcauseslossinthesecompounds.



Storageoffoodsforlongperiodsmayresultindecreaseinlevelof
theaccessorygrowthfactors.Eachkindofbacterium hasa
definiterangeoffoodrequirements.Somemicroorganismscan
useothercarboncompoundssuchasorganicacidsandtheirsalts,
alcoholsandesters.
Pseudomonassppmaybesatisfiedbysimplecompoundssuchas
ammoniaornitratesormorecomplexcompoundssuchasamino
acids,peptidesorproteins.



LECTURE-2

4-Inhibitorysubstancesandbiologicalstructure:

Inhibitorysubstances:Theseoriginallypresentinthefoodor
addedpurposelytopreventgrowthofmicroorganisms.The
stabilityofsomefoodsagainstattackbymicroorganismsisdueto
thepresenceofcertainnaturallyoccurringsubstancesthat
possessandexpressantimicrobialactivity.Someplantspecies
areknowntocontainessentialoilsthatpossessantimicrobial
activity.Amongtheseareeugenolincloves,

alliciningarlic,cinnamicaldehydeandeugenolincinnamon,allyl
isothiocyanateinmustard,eugenolandthymolinsage,and
carvacrol(isothymol)andthymolinoregano.

Cow’smilkcontainsseveralantimicrobialsubstances,including
lactoferrin,conglutinin,andthelactoperoxidasesystem (see
below).Milkcaseinaswellassomefreefattyacidshavebeen
showntobeantimicrobialundercertainconditions.

Lysozymepresentinmilkandegg,itismostactiveagainstgram
positivebacteria.

EggiscontainsOvotransferrin,avidinandovolflaroprotein,
Ovoflavoproteinandavidinineggwhitewhichsequesterbiotin
andriboflavinrestrictingthegrowthofthosebacteria.

Propionicacidproducedbythepropionibacteriainaswisscheese
isinhibitorytomolds.Nisinproducedbycertainstrainsof
Streptococcuslactismaybeusefulininhibitinglactatefermenting,
gasformingclostridiaincuringcheese.Heatingfoodsmayresult
intheformationofinhibitorysubstances.Ex:Heatinglipidsmay
hastenautooxidationandmakethem inhibitory.

Browningconcentratedsugarsyrupsmayresultintheproduction
offurfuralandhydroxylmethylfurfuralwhichareinhibitoryto
fermentingorganisms.



LactoperoxidaseSystem

Thisisaninhibitorysystem thatoccursnaturallyinbovinemilk,
anditconsistsofthreecomponents:lactoperoxidase,thiocyanate,
andH2O2.

Themilkenzymelactoperoxidasewillcatalysetheoxidationof
thiocyanatebyH2O2toproduceHypo-thiocyanate.Thiscankill
gram negativebacteriaandinhibitgram positives.

Biologicalstructuresoffoodontheprotectionoffoodsagainst
spoilagehasbeenobserved.

Ex:

1)Innerpartsofhealthytissuesoflivingplantsandanimalsare
sterileorlowinmicrobial

content.

2)Protectivecoveringonthefoodlikeshellonegg,skinonpoultry,
shellonnuts,rindorskinon

fruitsandvegetables,artificialcoatinglikeplasticorwax.

3)Layersoffatovermeatmayprotectthepartofthefleshor
scalesmayprotecttheouterpartof

thefish.

5-Wateractivity:

Microorganismshaveanabsolutedemandforwater.Without
water,nogrowthcanoccur.Theexactamountofwaterneededfor
growthofmicroorganismsvaries.Thiswaterrequirementisbest
expressedintermsofavailablewaterorwateractivity(aW).

awforpurewateris1.00



Thewateractivity(aw)ofmostfreshfoodsisabove0.99.

Lowaw–decreaseintherateofgrowthoforganisms.

Ingeneral,bacteriarequirehighervaluesofawforgrowththan
fungi,withGram-negativebacteriahavinghigherrequirements
thanGram positives.Mostspoilagebacteriadonotgrowbelowaw
=0.91,whereasspoilagemoldscangrowaslowas0.80.

EffectsofLowaw

Thegeneraleffectofloweringawbelowoptimum istoincreasethe
lengthofthelagphaseofgrowthandtodecreasethegrowthrate
andsizeoffinalpopulation.Thiseffectmaybeexpectedtoresult
from adverseinfluencesofloweredwateronallmetabolic
activitiesbecauseallchemicalreactionsofcellsrequirean
aqueousenvironment.

Factorsthatmayaffectwateractivity(aw).includethefollowing.

1.Thekindofsoluteemployedtoreduceaw.Potassium chloride
usuallylesstoxicthanNaCl.

Andlessinhibitorythansodium sulphate.

2.Thenutritivevalveoftheculturemedium.Thebetterthe
medium forgrowth,thelowerthe

limitingaw.

3.Temperature:Mostorganismshavethegreatesttoleranceto
lowawataboutoptimaltsemperatures.

4.Oxygensupply:Growthofaerobestakesplaceatlowerawinthe
presenceofairthaninitsabsence.

5.pHMostorganismsaremoretolerantoflowawatPHvalves
nearneutralitythaninacidoralkalinemedia.

6.Inhibitors:Thepresenceofinhibitorsnarrowstherangeofaw
forgrowthofmicroorganisms.

Somegeneralconclusionsrelatedtowaterrequirementofmicro



organismsare

1.Eachorganism hasitsowncharacteristicoptimalaw.

2.Bacteriarequiremoremoisturethanyeastsandyeastsmore
thanmolds.

3.Microorganismsthatcangrowinhighconcentrationsof
solutese.g.sugarandsalthavelowwateractivity(aw).
Osmophilicyeastsgrowbestinhighconcentrationsofsugar.



LECTURE-3

Extrinsicfactors

Theextrinsicparametersoffoodsarenotsubstratedependent.
Theyarethosepropertiesofthestorageenvironmentthataffect
boththefoodsandtheirmicroorganisms.Thoseofgreatest
importancetothewelfareoffoodborneorganismsareasfollows:
1.temperatureofstorage
2.relativehumidityofenvironment
3.presenceandconcentrationofgases
4.Changescausedbymicroorganisms.

TemperatureofStorage
Microbialgrowthcanoccuroveratemperaturerangefrom about-
8°Cupto100°C.atatmosphericpressure.Microorganismscanbe
classifiedintoseveralphysiologicalgroupsbasedontheircardinal
temperatures
Thermophileshaveoptimum 55-75°C
Mesophilehaveoptimum 30-40°C
Psychrophiles(Obligatepsychrophiles)12-15
Psychotroph(facultative)25-30
Lowtemperatureaffectstheuptakeandsupplyofnutrientsto

enzymesystemswithinthecell.Manymicrogranismsrespondsto
growthatlowertemperaturebyincreasingtheamountof
unsaturatedfattyacidsintheirmembranelipidsandthat
psychrotrophsgenerallyhavehigherlevelofunsaturationinafatty
aciddecreasesitsmeltingpointsothatmembranescontaining
higherlevelsofunsaturatedfatlyacidwillremainfluidandhence
functionalatlowertemperatures.Asthetemperatureincreases
abovetheoptimum,thegrowthratedeclinesasaresultof
denaturationofproteins.

Relativehumidity:(RH)
Relativehumidityandwateractivityareinterrelated.Whenfoods
withlowawvaluesareplacedinenvironmentsofhighRH,the
foodspickupmoisturefrom airuntilequilibrium hasbeen
established.Likewise,foodswithahighawlosemoisturewhen
placedin
anenvironmentoflowRH.
ThereisarelationshipbetweenRHandtemperaturethatshouldbe
borne
inmindinselectingproperstorageenvironmentsforfoods.In



general,thehigherthetemperature,thelowertheRH,andvice
versa.

Gaseousatmosphere:
Oxygencomprises21%oftheearth’satmosphereandisthemost
importantgasincontactwithfoodundernormalcircumstances.
TheinhibitoryeffectofCO2onmicrobialgrowthisappliedin
modifiedatmospherepackingoffoodandisanadvantagein
carbonatedmineral
watersandsoftdrinks.Growthinhibitionisusuallygreaterunder
aerobicconditionsthananaerobicandtheinhibitoryeffect
increaseswithdecreaseoftemperature,presumablyduetothe
increasedsolubilityofCO2atlowertemperatures.CO2dissolves
inwatertoproducecarbonicacidwhichdecreasesPHand
partiallydissociatesintobicarbonateanionsandprotons.CO2also
affectssolutetransport,inhibitionofkeyenzymesinvolving
carboxylation,decarboxylationreactionsinwhichCO2isareactant
andreactionwithproteinaminogroupscausingchangeintheir
propertiesandactivity.

Changescausedbymicroorganisms
Differentchemicalchangescanoccurbecausegreatvarietyof
organiccompoundsarepresentinfoodsandnumerouskindsof
microorganismsthatcandecomposethem maygrowinthefood.
Followingchangesareobservedinfoods.
ChangesinNitrogenousorganiccompounds:
Mostofthenitrogeninfoodsisintheform ofproteins.Proteins
arehydrolysedtopolypeptides,simplerpeptidesoraminoacids
beforetheycanserveasnitrogenousfoodformostorganisms.
Proteinasescatalyzethehydrolysisofproteinstopeptidesgives
bittertastetofoods,Peptidasescatalyzethehydrolysisof
peptidestosimplerpeptidesandfinallytoaminoacids.

Proteinases Peptidases Peptidases
Proteins → Peptides→ Polypeptide→ aminoacids

Anaerobicdecompositionofproteins,peptidesoraminoacids
resultintheproductionofobnoxiousodorscalledputrefaction

ChangesinNonnitrogenousorganiccompounds:
Mainnonnitrogenousfoodsformicroorganisms,mostlyusedto



obtainenergybutpossiblyservingassourceofcarbon,include
carbohydrates,organicacids,aldehydesandketones,alcohols,
glycosides,cycliccompoundsandlipids.

Carbohydrates:
Carbohydratesactasenergysourcebymicroorganisms.Complex,
di,triornpolysaccharidesusuallyarehydrolyzedtosimplesugars
beforeutilization.Amonosaccharide(glucose)aerobicallywould
beoxidisedtocarbon-dioxideandwater.Glucoseanaerobically
decomposeto

a)AnalcoholicfermentationbyyeastswithethanolandCO2as
theprincipalproducts.
b)Asimplelacticfermentationasbyhomo-fermentativelactic
acidbacteria.
c)Amixedlacticfermentationbyhetero-fermentativelacticacid
bacteriawithlacticandaceticacids,ethanol,glycerolandCO2as
thechiefproducts.
d)Thecolitypeoffermentationasbycoliform bacteriawithlactic,
aceticformicacids,ethanol,CO2,H2etc.
e)Thepropionicacidfermentationbypropionicbacterium
f)Butyric–butyl–isopropylfermentationsyieldsbutyricand
aceticacids,CO2&H2.

Lipids:
Fatsarehydrolysedtoglycerolandfattyacidsbylipase.
Phospholipidsmaybedegradedtotheirconstituentphosphate,
glycerol,fattyacidsandnitrogenousbase.

Othercompounds:
Alcoholsusuallyoxidisedtothecorrespondingorganic
acids.Ethanoltoaceticacid;Acetaldehydetoaceticacid.



LECTURE-4

ContaminationofFoods

Microorganismsfrom variousnaturalsourcesactassourceof

contamination.

1-From greenplantsandfruits

Naturalsurfacefloraofplantsvarieswiththeplantbutusually
includesspeciesofPseudomonas,Alcaligenes,Flavobacterium,
Micrococcus,coliformsandlacticacidbacteria.
Theno.ofbacteriawilldependontheplantanditsenvironment

andmayrangefrom afewhundredorthousandpersquare
centimeterofsurfacetomillions.
Ex:Surfaceofwellwashedtomatocontains400-700micro
organismspersquarecentimeter.
2.From animals
Sourcesofmicroorganismsfrom animalsincludethesurface
flora,thefloraoftherespiratorytract,andthefloraofthegastro
intestinaltract.Hides,hooves,andhaircontainmicroorganisms
from soil,manure,feedandwaterbutcontainspoilage
organisms.Feathers,feetofpoultrycarryheavycontamination
ofmicroorganisms.
Skinofmanymeatanimalsmaycontainmicrococci,
Staphylococciandbetahaemolyticstreptococci.Pigorbeef
carcassesmaybecontaminatedwithsalmonellae.
Insectsandbirdscausemechanicaldamagetofruitsand
vegetables,introducemicroorganismsandopenthewayfor
microbialspoilage.
3.From sewage:
Whenuntreateddomesticsewageisusedtofertilizeplantcrops,
thereisachancethatrawplantfoodswillbecontaminatedwith
humanpathogensespeciallythosecausinggastrointestinal
diseases.Naturalwatercontaminatedwithsewagecontributes
theirmicroorganismstoshellfish,fish,andotherseafood.
4-From soil:
Soilcontainsgreatestvarietyofmicroorganisms.Theyareready
tocontaminatethesurfacesofplantsgrowingonorinthem and
thesurfacesofanimalsroamingovertheland.Soildustis
whippedupbyaircurrentsandsoilparticlesarecarriedbyrunning
watertogetintoorontofoods.Soilisanimportantsourceofheat



resistantsporeformingbacteria.
5-From water:
Naturalwatercontainnotonlytheirnaturalflorabutalso
microorganismsfrom soilandpossiblyfrom animalsorsewage.
KindsofbacteriainnaturalwatersarechieflyofinPseudomonas,
Chromobacterium,
Proteus,Micrococcus,Bacillus,Streptococcus,Enterobacterand
Escherichiacoli.Thewatercommonlyischlorinatedbuttherehave
beenpresenceofchlorineresistantflora.Efficientfiltrationgreatly
reducesthemicrobialcontent.
6-From Air:
Airdoesnotcontainanaturalfloraofmicroorganisms,but
accidentallytheyarepresentonsuspendedsolidmaterialorin
moisturedroplets.Microorganismsgetintoairondust,drysoil,
sprayfrom stream,lakesoroceans,dropletsofmoisturefrom
coughing,etc.
Moldsporesbecauseoftheirsmallsize,resistancetodryingand
largenumbersofpermoldplantareusuallypresentinair.
Cocciaremorenumerousthanrodshapedbacteria.Yeasts
especiallyasporogenouschromogeniconesarefoundinmost
samplesofair.
Numberofmicroorganismsinairatanygiventimedependon
factorslikeamountofmovement,sunshine,humidity,locationand
theamountofsuspendeddustorspray.

7-Duringhandlingandprocessing:
Additionalcontaminationmaycomefrom equipmentcomingin
contactwithfoods,from packagingmaterialsandfrom personnel.





LECTURE-5

FoodPreservation

PrinciplesofFoodPreservation:
Inaccomplishingthepreservationoffoodsbythevariousmethods,
thefollowingprinciplesare
involved:
1.Preventionordelayofmicrobialdecomposition
a.Bykeepingoutmicroorganisms(asepsis)
b.Byremovalofmicroorganisms,e.g.,byfiltration
c.Byhinderingthegrowthandactivityofmicroorganisms,e.g.,by
lowtemperature,drying,anaerobicconditions,orchemicals.
d.Bykillingthemicroorganisms,e.g.,byheatorradiation
2.Preventionordelayofself-decompositionofthefood.
a.Bydestructionorinactivationoffoodenzymes,e.g.,by
blanching
b.Bypreventionordelayofpurelychemicalreactions,e.g.,
preventionofoxidationbymeansofanantioxidant
3.Preventionofdamagebecauseofinsects,animals,mechanical
caused,etc.,

Asepsis:
Itisthekeepingoutmicroorganismsasapreservativefactor.

-Theinnertissuesofhealthyplantsandanimalsusuallyarefree
from microorganisms.Ifthereisaprotectivecoveringaboutthe
food,microbialdecompositionisdelayedorprevented.
Ex:Shellsofnuts,skinsoffruits&vegetables,shellsofegg.Faton
meatorfish.
-Infoodindustriesanincreasingamountofattentionisbeinggiven
tothepreventionofthecontaminationoffoods,from theraw
materialtothefinishedproduct.
*Packagingoffoodsisawidelyusedapplicationofasepsis.
*Indairyindustry,contaminationwithmicroorganismsisavoided
from theproductiontohandlingofmilkinthemarket.



*Inthemeat–packingindustrysanitarymethodsofslaughter,
handlingandprocessingreducetheloadandthusimprovethe
keepingqualityofthemeatormeatproducts.
*Inindustriesinvolvingcontrolledfoodfermentatione.g.,incheese
making,thefewerthecompetingorganismsinthefermenting
material,themorelikelythesuccessofthefermentation.

RemovalofMicroorganisms:
Removalofmicroorganismsisnotveryeffectiveinfood
preservationbutunderspecialconditionsitmaybehelpful.
Removalmaybeaccomplishedbymeansoffiltration,
centrifugation,washing,trimming.

a)Filtration:
Itistheonlysuccessfulmethodforthecompleteremovalof
organismsanditsuseislimitedtoclearliquids.Theliquidis
filteredthroughapreviouslysterilized“bacterialproof”filtered
madeofsinteredglass,diatomaceousearth,materialandthe
liquidisforcedthroughbypositiveornegativepressure.This
methodhasbeenusedsuccessfullywithfruitjuices,beer,soft
drinks,wineandwater.
b)CentrifugationorSedimentation:
Itisnotveryeffective.Allmicroorganismsarenotremoved.
Ex:1)Usedinthetreatmentofdrinkingwaterbutitisinsufficient
toremovemicroorganisms
2)Inthemilk,mainpurposeofcentrifugationisnottoremove
bacteriabuttotakeoutothersuspendedmaterials.
c)Washing:
Washingrawfoodsremovespoilagemicroorganisms.
Ex:Cabbageheadsorcucumbersbeforetheirfermentationinto
sauerkrautandpickles,removesmostofthesoilmicroorganisms
onthesurface.Washingfreshfruitsandvegetablesremovessoil
organismsthatmayberesistanttothebeatprocessduring
canning.
Washingfoodsisdangerousifwateraddsspoilagemicro
organismsandincreasesthemoisturesothatgrowthofspoilage
organismsisencouraged.
d)Trimming:
Spoiledportionsofafoodremovedbytrimming.Largeno.of
spoilageorganismsareremovedbythisway.
Ex:Trimmingtheouterleavesofcabbageheadsisrecommended
forthemanufactureofsauerkraut.



MaintenanceofAnaerobicconditions:
Scaled,packagedfoodsmayhavetheanaerobicconditionsinthe
container.
Acompletefill,evacuationoftheunfilledspace(theheadspacein
acan)orreplacementoftheairbyCO2orbyaninertgassuchas
nitrogenwillbringaboutanaerobicconditions.
Sporesofaerobicbacteriamayresistanttoheatandsurvivein
cannedfoodsbutunabletogrowintheabsenceofO2.



LECTURE-6

FoodPreservationbyuseofhightemperature.

Killingofmicroorganismsbyheatissupposedtobecausedbythe
denaturationoftheproteinsandbytheinactivationofenzymes
requiredformetabolis.
Factorsaffectingheatresistance(Thermaldeathtime):
Cellsandsporesofmicroorganismsdifferwidelyintheir
Certainfactorsareknowntoresistancetohightemperatures.
affecttheheatresistanceofcellsorspores.Chiefknownfactors
areasfollows.
1.Thetemperature–timerelationship:Thetimeforkillingcellsor
sporesunderagivensetofconditionsdecreasesasthe
temperatureisincreased.
2.Initialconcentrationofspores(orcells):Themoresporesor
cellspresent,thegreatertheheattreatmentnecessarytokillallof
them.
3.Previoushistoryofthevegetativecellsorspores:The
conditionsunderwhichthecellshavebeengrownandsporeshave
beenproducedandtheirtreatmentthereafterwillinfluencetheir
resistancetoheat.
a)Culturemedium
b)Temperatureofincubation
c)Phasesofgrowthorage
d)Dessication
4.Compositionofthesubstrateinwhichcellsorsporesare
heated.
a)Moisture:Moistheatisamuchmoreeffectivekillingagentthan
dryheat.Drymaterialsrequiremoreheatforsterilizationthan
moistones.
b)Hydrogen–ionconcentration(pH):Cellsorsporesaremost
heatresistantinasubstratethatisatornearneutrality.
Acidfood–PH<4.5,Fruit&Certainvegetableproducts
Lowacidfoods–PH>4.5,Meat,seafood,milkandmostofthe
commonvegetables.
C)Otherconstituentsofthesubstrate:Sugarandsalt.

Heatresistanceofbacteriaandbacterialspores:



Cocciusuallyaremoreresistantthanrodsalthoughthereare
manyexceptions.Thehighertheoptimalandmaximal
temperaturesforgrowth,thegreatertheresistancetoheatislikely
tobe.Thebacteriathatclumpconsiderablyorform capsulesare
moredifficulttokillthanthosewhichdonotform capsules.The
cellshighinlipidcontentarehardertokillthanothercells.

HeatresistanceofEnzymes:
Althoughmostfoodandmicrobialenzymesaredestroyedat
79.4°C,somemaywithstandhighertemperatures,especiallyif
hightemperatureshorttimeheatingisemployed.Thermal
processesdesignedtoinactivatemicroorganismswillalso
inactivateenzymesofconcern.
Somehydrolases(proteinasesandlipases)willretainasubstantial
levelofactivityafteranultrahightemperatureprocess.The
residualactivityoftheseenzymesmayspoiltheprocessed
productduringlongterm storage.
Detectionofthebovinephosphataseenzymeinprocessedmilk
usuallyindicatesthatthemilkwasnotproperlypasteurized.
Heatpenetration:
Therateofpenetrationofheatintofoodmustbeknowninorderto
calculatethethermalprocessnecessaryforitspreservation.Since
everypartofthefoodinacanorothercontainermustreceivean
adequateheattreatmenttopreventspoilage.
Heatpenetrationfrom anexternalsourcetothecenterofthecan
maytakeplacebyconduction,whereheatpassesfrom molecule
tomolecule,byconvectionwhereheatistransferredbymovement
ofliquidsorgasesorsometimesbycombinationofconduction
andconvection.conductionisslowinfoodsandrapidinmetals.
Whenbothconductionandconvectionareinvolvedintheheating
offoods,theymayfunctionsimultaneouslyorsuccessively.When
solidparticlesoffoodaresuspendedinaliquid,theparticlesheat
byconductionandtheliquidheatsbyconvection.Somefoods
changeinconsistencyduringheating,andabrokenheatingcurve
results.
Ex:Sugarsyrups,Brinepackedwholegraincorn,certainthick
soupsandtomatojuices.

Factorsthatdeterminethetimerequiredtobringthecenterofthe
containeroffooduptothesterilizingtemperatureareasfollows:



1.Thematerialofwhichthecontainerismade.Glasshasaslower
rateofheatpenetrationthanametalcan.
2.Thesizeandshapeofthecontainer.Thelargeracanis,the
longeritwilltaketoreachagiventemperatureatthecenter
becausethedistancetothecenterofthelargercanisgreaterand
ithaslesssurfacepervolumeorweight.Hencelargercansare
heatedlongerproportionallybutnottoashighatemperatureat
thecenter.
3.Initialtemperatureofthefood.
Thetemperatureofthefoodinacanwhenitgoesintotheretort
(steam sterilizer)makesnodifferenceintimerequiredforthe
centerofthecantoreachtheretorttemperature.Ahighinitial
temperatureisimportantinprocessingcannedfoodsthatheat
slowly,suchascream stylecornandmeat.
4.Retorttemperature:
Foodcansplacedinsteam sterilizerofdifferenttemperatures
reachtherespectivetemperaturesatthesametime.
5.Consistencyofcancontentsandsizeandshapeofpieces:
Alloftheseareimportantintheireffectonheatpenetration.
Piecesthatretaintheiridentityi.e.,donotcookapart.Ex:Peas,
plums,beets,Asparaguswholegraincorn.Ifthepiecesarelarge,
heatingisdelayed,becausetheheatmustpenetratetothecenter
ofthepiecesbeforetheliquorcanreachtheretorttemperature.
LargebeetsorlargestalksofAsparagusheatmoreslowlythan
smallones.
6.Rotationandagitation:
Rotationoragitationofthecontaineroffoodduringheat
processingwillhastenheatpenetrationifthefoodisfluid,butit
mayalsocausephysicalchangesinfoods.Rotationisused
successfullywithcannedevaporatedmilk,andshakingisusedin
foodsintheform ofpastesorpurees.

TDP(ThermalDeathPoint):
Temperaturerequiredtokillknownno.ofmicroorganismsata
giventime.Heretemperatureisunknown.
TDT(ThermalDeathTime):
Timerequiredtokillknownno.ofmicroorganismsatagiven
temperature.
DRT(DecimalReductionTime):
Timerequiredtoreducethemicrobialpopulationatspecified
temperature.Itisndesignatedas“D”

Heattreatmentsemployedinprocessingfoods:



Thevariousdegreesofheatingusedonfoodsmightbeclassified
as
1.Pasteurization
2.Heatingatabout100°C
3.Heatingabove100°C
1.Pasteurization:
Pasteurizationisaheattreatmentthatkillspartbutnotallofthe
microorganismspresentinfoodsandthetemperatureappliedis
below100°C.Heatingmaybebysteam,hotwater,dryheator
electriccurrents.Productsarecooledpromptlyaftertheheat
treatment.

Pasteurizationisused
1.Whenmorerigorousheattreatmentsmightharm thequalityof
theproduct.
2.Tokillpathogensinmilk.
3.Whenthemainspoilageorganismsarenotveryheatresistant
(ExYeastsinfruitjuices).
4.Whencompetitingmicroorganismsaretobekilled,allowinga
desiredfermentation

Preservativemethodsusedtosupplementpasteurizationinclude
RefrigerationEx:Milk
KeepingoutmicroorganismsEx:Packaging
MaintenanceofanaerobicconditionsEx:Sealedcontainers
Additionofhighconcentrationsofsugar.Ex:Sweetened
condensedmilk
Presenceoradditionofchemicalpreservatives.Ex:Organicacids
onpickle

Methodsofpasteurization:
HTSTMethod:(Hightemperatureshorttime)
Inthismethod,hightemperatureisemployedforashorttime.
Temperatureis71.7°Candtimeis15sec.
LTLTMethod:(Lowtemperaturelongtime)
Inthismethod,lowtemperatureisemployedforalongertime.
Temperatureis62.8°Candtimeis30minutestime.Ex:Milk
Inthismethod,thetemperatureappliedis:Ultrapasteurization
137.8°Cforatleast2seconds.Earlierpasteurizationtemperature
wassetbasedonpathogenicorganism presentinmilk
Mycobacterium tuberculosis.Thisbacterium killedat61.7°C,but
burnetti,arickettsiacausingQfeverisotherorganism Coxiella
,survivedpasteurizationtemperature.HencetokillCoxiellaburnetti



Pasteurizationtemperaturewasraisedto62.8°C.Coxiellaburnetti
istransmittedbymilk

2-Heatingatabout100°C:
Thistreatmentwassufficienttokilleverything.Manyacidfoods
canbeprocessedsuccessfullyat100°Corless.Ex:sauerkraut&
highlyacidfruits.100°Ctemperatureisobtainedbyboilingaliquid
foodorbyimmersionofthecontaineroffoodinboilingwaterorby
exposuretofollowingsteam.
3-Heatingabove100°C:
Temperaturesabove100°Cusuallyareobtainedbymeansof
steam underpressureinsteam pressuresterilizersorretorts.The
temperatureintheretortsincreaseswithrisingsteam pressures.
Ex:Milkcanbeheatedtotemperaturesupto150°Cbyuseof
steam injectionorsteam infusionfollowedbyflashevaporationof
thecondensedsteam andrapidcooling.Processessuchasthis
formilkhavebeenreferredtoasultrahightemperatureorUHT
processes.

Canning:
Canningisdefinedasthepreservationoffoodsinsealed
containersandusuallyimpliesheattreatmenttopreventspoilage.
Canningisdonein“tincans”madeoftincoatedsteeloringlass
containers,aluminum,plasticsaspouchesorsolidcontainers,or
ofacompositeofmaterials.

Appertization:
Preservationoffoodsbycanningwiththeapplicationofheat
treatmentsincorkstoppered,widemouthedglassbottles.

PressurizedPackagedFoods:
Pressurizedpackagingliquidsorpastescalledaerosols,are
packedunderpressureofapropellantgas,usuallyCO2,N2or
nitrousoxide,soastodispensethefoodasafoam,sprayorliquid.
Manyfoodsarenowbeingsopackaged,e.g.,whippedcream



LECTURE-7

Preservationbyuseoflowtemperatures.

Commonorcellarstorage:
Thetemperatureincommonorcellarstorageusuallylowerthan
15°C.Rootcrops,potatoes,cabbage,celery,applesstoredfor
limitedperiods.Thedeteriorationofsuchfruitsandvegetablesby
theirownenzymesandbymicroorganismsisnotpreventedbutis
slowerthanatatmospherictemperatures.

Chillingorcoldstorage:
Chillingstorageisattemperaturesnotfarabovefreezingand
usuallyinvolvescoolingbyiceormechanicalrefrigeration.Eggs,
dairyproducts,meats,seafood,vegetablesandfruitsmaybeheld
inchillingstorageforalimitedtime.Enzymaticandmicrobial
changesinthefoodsarenotpreventedbutareslowed
considerably.Chillingtemperatureisselectedonthebasisofthe
kindoffoodandthetimeandconditionsofstorage.
Changesinhumidityaswellasintemperatureduringstoragemay
cause“sweating”orprecipitationofmoistureonthefood.Amoist
surfacefavoursmicrobialspoilage.
In“Gasstorage”offoods,wherethecompositionofthe
atmospherehasbeencontrolledbytheintroductionofCO2,Ozone
orothergasortheremovalofCO2.
Gasstorageordinarilyiscombinedwithchillingstorage.Inthe
presenceofoptimalconcentrationsofcarbondioxideorozonethe
followingadvantagesarepresent.
-Afoodwillremainunspoiledforalongerperiod.
-Higherrelativehumiditycanbemaintainedwithoutharm tothe
keepingqualityofcertainfoods.
-Higherstoragetemperaturecanbeusedwithoutshorteningthe
keepingtimeofthefood.
CombinationofU.V.irradiationwithchillingstoragehelpspreserve
somefoodsandmaypermittheuseofahigherhumidityor
storagetemperaturethanwithchillingalong.U.V.lampshavebeen
installedinroomsforthestorageofmeatandcheese.

Freezingorfrozenstorage:
Thestorageoffoodsinthefrozenconditionhasbeenan
importantpreservativemethodforcenturies?Underfrozenstorage,
microbialgrowthispreventedentirelyandtheactionoffood



enzymesisgreatlyretarded.Thelowerthestoragetemperature,
theslowerwillbeany
chemicalorenzymaticreactions.
Fruitsandvegetablesareselectedonthebasisoftheirsuitability
forfreezingandtheirmaturityandarewashed,trimmed,cutor
otherwisepretreatedasdesired.
Vegetablesarescaldedorblanched.
Fruitsarepackedinsyrup.
Mostfoodsarepackagedbeforefreezingbutstrawberriesare
frozenbeforepackaging.
Scaldingorblanchingofvegetablesisdonewithhotwateror
steam andhasthefollowingadvantages
1-Inactivationofmostoftheplantenzymeswhichcause
toughness,changeincolor,mustiness,lossinflavor,softeningand
lossinnutritivevalve.
2.Reductionintheno.ofmicroorganismsonthefood.
3.Enhancementofthegreencolorofvegetablessuchasspinach.
4.Displacementofairentrappedinthetissues.
Typesoffreezing:
1.Sharpfreezingorslowfreezing;2.Quickfreezing;3.Dehydro
freezing

Sharpfreezing Quickfreezing

1.Itreferstofreezinginairwith

onlynaturalaircirculationor

withelectricfans.

2.Temperatureusually-23.3°C

orlowerbutmayvaryfrom -15

to-29°C.

3.Timerequiredtoachieve

sharpfreezingis3-72hrs.

4.Largeicecrystalsareformed.

Moremechanicaldamageof

foodisobserved.

5.Longerperiodof

solidification.

1.Itreferstofreezingfoodsin

relativelyshorttime(30min).

2.Temperatureusuallybetween

-17.8to45.6°Cifitisindirect

contactwithrefrigerant.(or)-

17.8°Cto-34.4°Cifitisdone

withairblastfreezing.

3.Timerequiredtoachieve

above

temperaturesis30minorlower.

4.Smallicecrystalsareformed

hencethereislessmechanical

damageoffood.

5.Shorterperiodof



solidificationandthereforeless

timefordiffusionofsoluble

materialsandseparationofice.

AdvantagesofQuickFreezingoverslowfreezing:
1.Smallericecrystalsareformed;hencethereislessmechanical
destructionofinfactcellsofthefood.
2.Thereisashorterperiodofsolidificationofice
3.Thereismorepromptpreventionofmicrobialgrowth
4.Thereismorerapidslowingofenzymeaction.
5.Quickfrozenfoodsaresupposedtobringtotheroom
temperaturebeforecookingorconsumption.Thisprocessis
calledthawing.Ex:Vegetables,meat.

Dehydrofreezing:
Fruitsandvegetableshaveabouthalftheirmoistureremoved
beforefreezing.Certainfoodslikefruits,vegetables,fish,shrimp
andmushroomsnowarebeingfrozenbymeansofliquidnitrogen.

ChangesduringFreezing:
Quickfreezingprocessrapidlyslowschemicalandenzymatic
reactionsinthefoodsandstopsmicrobialgrowth.Asimilareffect
isproducedbysharporslowfreezingbutwithlessrapidity.
Physicaleffectslikeexpansioninvolumeofthefrozenfoodand
icecrystalsform andgrowinsize.Icecrystalsform andgrowin
size.
Icecrystalsareusuallylargerwithslowfreezingandmoreice
accumulatesbetweentissuescellsthanwithquickfreezingand
maycrushcells.
Waterisdrawnfrom thecellstoform suchiceandresultsin
increaseintheconcentrationofsolutesintheunfrozenliquorand
leadstosaltingoutdehydration,denaturationofproteinsand
causesirreversiblechangesincolloidalsystemssuchasthe
syneresisofhydrophiliccolloids.

Effectoffreezingonmicroorganisms
Bacteriadifferintheircapacitytosurviveduringfreezing,with
coccibeinggenerallymoreresistantthanGram-negativerods.Of
thefood-poisoningbacteria,salmonellaearelessresistantthan
Staphylococcus
aureusorvegetativecellsofclostridia,whereasendosporesand



food-poisoningtoxinsareapparentlyunaffectedbylow
temperatures.From thestrictstandpointoffoodpreservation,
freezingshouldnotberegardedasameansofdestroying
foodbornemicroorganisms.Thetypeoforganismsthatlosetheir
viabilityinthisstatedifferfrom straintostrainanddependonthe
typeoffreezingemployed,thenatureandcompositionofthefood
inquestion,thelengthoftimeoffreezerstorage,andotherfactors,
suchastemperatureoffreezing.Lowfreezingtemperaturesof
about−20◦Carelessharmfultomicroorganismsthanthemedian
rangeoftemperatures,suchas−10◦C.Forexample,more
microorganismsaredestroyedat−4◦Cthanat−15◦Corbelow.
Considersomeoftheeventsthatareknowntooccurwhencells
freeze:
1.Freezingresultsinanincreaseintheviscosityofcellularmatter,
adirectconsequenceofwaterbeingconcentratedintheform of
icecrystals.
2.FreezingresultsinalossofcytoplasmicgasessuchasO2and
CO2.AlossofO2toaerobiccellssuppressesrespiratoryreactions.
Also,themorediffusestateofO2maymakeforgreateroxidative
activitieswithinthecell.
3.FreezingcauseschangesinpHofcellularmatter.Various
investigatorshavereportedchangesrangingfrom 0.3to2.0pH
units.
4.Freezingeffectsconcentrationofcellularelectrolytes.This
effectisalsoaconsequenceoftheconcentrationofwaterinthe
form oficecrystals.
5.Freezingcausesageneralalterationofthecolloidalstateof
cellularprotoplasm.Manyoftheconstituentsofcellular
protoplasm suchasproteinsexistinadynamiccolloidalstatein
livingcells.Aproperamountofwaterisnecessarytothewell-
beingofthisstate.
6.Freezingcausessomedenaturationofcellularproteins.
Preciselyhowthiseffectisachievedisnotclear,butitisknown
thatuponfreezing,some–SHgroupsdisappearandsuchgroups
aslipoproteinsbreakapartfrom others.Theloweredwatercontent,
alongwiththeconcentration
ofelectrolytes,nodoubtaffectsthischangeinstateofcellular
proteins.
7.Freezinginducestemperatureshockinsomemicroorganisms.
Thisistruemoreforthermophilesandmesophilesthanfor
psychrophiles.Morecellsdiewhenthetemperaturedeclineabove
freezingissuddenthanwhenitisslow.
8.Freezingcausesmetabolicinjurytosomemicrobialcellssuch



ascertainPseudomonasspp.Somebacteriahaveincreased
nutritionalrequirementsuponthawingfrom thefrozenstateand
asmuchas40%ofaculturemaybeaffectedinthisway.

PreservationbyDrying
Dryingusuallyisaccomplishedbytheremovalofwater,butany
methodthatreducestheamountofavailablemoisturei.e.,lowers
theawinafoodisaform ofdrying.Ex:1.Driedfishheavilysalted
toremovemoisture.

Sundriedfood:
Moistureremovedbyexposuretothesun’srayswithoutany
artificiallyproducedheatandwithoutcontrolledtemperatures.

Dehydratedordessicatedfood:
Dehydratedordesiccatedfoodhasbeendriedbyartificially
producedheatundercontrolledconditionsoftemperature.

MethodsofDrying:
-SolarDrying:Solardryingislimitedtoclimateswithahotsunand
adryatmospherecertainfruitssuchasraisins,prunes,figs,
apricots,nectarines,pearsandpeachesaredriedbysolar.Fish,
riceandothergrainsarealsodried.
-Dryingbymechanicaldryers:Artificialdryinginvolvesthepassage
ofheatedairwithcontrolledrelativehumidityoverthefoodtobe
dried.Thesimplestdryeristheevaporator,sometimesusedinthe
farm home.
Forced–draftdryingsystemsemploycurrentsofheatedairthat
moveacrossthefoodusuallyintunnels.Alternativemethodis
movingthefoodonconveyorbeltorontraysincartsthroughthe



heatedair.Liquidfoodslikemilk,juicesandsoupsmaybe
evaporatedbytheuseoflowtemperatureandvacuum.
Drum dryingisthepassageoffoodoveraheateddrum withor
withoutvacuum.Spraydryingissprayingtheliquidintoacurrent
ofdry,heatedair.
Smoking:
Certainfoodsaredriedbysmoking.Smokingoffoodsusuallyhas
twopurposes.Addingdesiredflavoursandhaspreservationeffect.
Ex:Meat.

-Othermethods:
Electronicheating–Removalofstillmoremoisturefrom food
alreadyfairlywelldried.
Foam matdrying–liquidfoodiswhippedtofoam driedwithwarm
airandcrushedtoapowder.
Pressuregunpuffing–Partiallydriedfoodstogiveaporous
structurethatfacilitatesfurtherdrying.
Towerdrying–Dryingbydehumifiedairat30°Corlowerusedfor
tomatoconcentrate,milkandpotatoes.
FreezeDrying-Freeze-drying,alsoknownaslyophilisation,or
Cryodesiccation,isadehydrationprocesstypicallyusedto
preserveaperishablematerialormakethematerialmore
convenientfortransport
Freeze-dryingworksbyfreezingthematerialandthenreducingthe
surroundingpressuretoallowthefrozenwaterinthematerialto
sublimatedirectlyfrom thesolidphasetothegasphase.

Sundrying



Solardryer

Freezedryer

MicrobiologyofspecificDriedfoods:

Driedfruits:Thenumbersofmicroorganismsonmostfreshfruits
rangefrom comparativelyfewtomanydependingon
pretreatments.Mostdriedfruitsmay;varyfrom afewhundredper
gram offruittothousands.Theyaremostlyontheoutersurfaces.
Sporesofbacteriaandmoldsarelikelytobethemostnumerous.

Driedvegetables:
Rangefrom smallnumberstomillionspergram.Ifdryingtraysare
improperlyloaded,souringofsuchvegetablesasonionsand
potatoesbylacticacidbacteriawithamarkedincreasesin
numbersofbacteriamaytakeplaceduringthedryingprocess.
Riskisgreaterwithonionsbecausetheyarenotblanched.
Ex:ChieflybacteriaareEscherichia,Enterobacter,Bacillus,
Clostridium,Micrococcus,Pseudomonas,Streptococcus.



DriedEggs:
Powderedeggsarefullydehydratedeggs.theyaremadeusing
spraydryinginthesamewaythatpowderedmilkismade.Dried
eggsmaycontainfrom afewhundredmicroorganisms,mostly
bacteriapergram uptoover100million,dependingontheeggs
brokenandthemethodsemployed.Avarietyofkindsof
organismshavebeenfoundindriedeggsincludesMicrocci,
Streptococci,Coliforms,Sporeformersandmolds.

DriedMilk:
No.ofmicroorganismsindrymilkmayvaryfrom afewhundred
pergram tomillions.Predominantkindsoforganismsindrymilk
arethermoduricStreptococci,Micrococciandsporeformers.

IntermediatemoistureFoods:
Numerouscommerciallypreparedfoodswhichcontain20–40%
moistureandhavenonrefrigeratedshelfstabilityhavebeen
refinedtoasintermediatemoistureproducts.
Ex:jams,jellies,honey,manydriedfruits,,meatproductslike
pepperoni,countryham,andsomedriedfish.
Theseproductsarealsoreferredas“reduced–wateractivity
products”.



LECTURE-8

Preservationbyfoodadditives

Afoodadditiveisasubstanceormixtureof:FoodAdditives
substances,otherthanthebasicfoodstuff,whichispresentin
foodasaresultofaproduction,processing,storageorpackaging.
DefinitiongivenTheterm doesnotincludechancecontamination.
byW.H.O

Chemicalpreservatives:Thefoodadditiveswhichare

specificallyaddedtopreventthedecompositionofafoodhave

beenreferredtoaschemicalpreservatives.

ThepropertiesofAntimicrobialpreservative:

1.Itshouldhavewiderangeofantimicrobialactivity.

2.Itshouldbenontoxictohumanoranimals.

3.Itshouldbeeconomical.

4.Itshouldnothaveaneffectontheflavor,tasteoftheoriginal

food.

5.Itshouldnotbeinactivatedbythefood.

6.Itshouldnotencouragethedevelopmentofresistantstrains.

Preservativesmaybebacteriocidalandkillthetargetorganismsor
theymaybebacteriostaticinwhichcasetheysimplypreventthem
growing.Thisisveryoftenadose-dependentfeature;higherlevels
of
anantimicrobialprovinglethalwhilethelowerconcentrationsthat
are
generallypermittedinfoodstendtobebacteriostatic.Forthis
reason
chemicalpreservativesareusefulonlyincontrollinglowlevelsof
contaminationandarenotasubstituteforgoodhygienepractices

Lactic,acetic,propionicandcitric:Organicacidsandtheirsalts
acidsortheirsaltsmaybeaddedtofoodsCitricacidisusedin



syrups,drinks,jamsandjelliesasasubstituteforfruitflavorsand

forpreservation.

Lacticandaceticacidsareaddedtobrinesofvariouskinds,green
olivesetc.Propianates–(sodium orcalcium propionate)areused
mostextensivelyinthepreventionofmoldgrowthandrope
developmentinbackedgoodsandformoldinhibitioninmany
cheesefoods.PropionicacidisfoundnaturallyinSwisscheeseup
to1%.

Benzoates:

Sodium saltofbenzoicacidhasbeenusedextensivelyasan

antimicrobialagentinfoods.Itisincorporatedintojams,jellies,

carbonatedbeverages,picklesetc.

Acetates:

Sodium diacetatehasbeenusedincheesespreadsandmalt

syrupsandastreatmentforwrappersusedonbutter.

NitritesandNitrates:

Nitritescanreactwithsecondaryandtertiaryaminestoform

nitrosamines,whichareknowntobecarcinogenic.Nitritesare

currentlyaddedintheform ofsodium nitritepotassium nitrite,

sodium nitrateandpotassium nitrate.InhibitsC.botulinum inmeat

products.

Sulfurdioxideandsulfites:

EgyptiansandRomansburnedsulphurtoform sulphurdioxidea

meansofsanitizingwinemakingequipmentandstoragevessels.

Sulphurdioxideandsulphitesareusedinthewineindustryto



sanitizeequipmentandtoreducethenormalfloraofthegrape

Theyform sulphurousacidandeffectivenessisenhancedatmust.

-lowPH.Theeffectofsulfurousacidagainstmicrobialcellsby:1

reductionofdisulfidelinkages,2-formationofcarbonyl

compounds,3-reactionwithketonegroupsand4-inhibitionof

respiratorymechanisms.Inadditiontoantimicrobialactionof

sulfites,theyarealsousedtopreventenzymaticandnon

enzymaticchangesordiscolorationinsomefoods.Fumesof

burningsulphurareusedtotreatmostlightcoloreddehydrated

fruits.SO2alsousedinsyrups,fruitjuicesandwinemaking.

Sugarandsalt:

Thesecompoundslowerthewateractivity(aw)andhavean

adverseeffectonmicroorganisms.Sodium chlorideisusedin

brinesandcuringsolutionsorapplieddirectlytothefood.Salthas

beenreportedtohavethefollowingeffects

1.Itcauseshighosmoticpressureandhenceplasmolysisofcells.

2.Itdehydratesfoodsbydryingoutandtyingupmoistureasit

dehydratesmicrobialcells.

3.Itionizestoyieldthechlorineion.

4.Itreducesthesolubilityofoxygeninthemoisture

5.ItsenitizesthecellagainstCO2.

6.Itinterfereswiththeactionofproteolyticenzymes.

Sugarsuchasglucoseorsucrosehasabilitytomakewater

unavailabletoorganismsbyosmoticeffect.

Alcohol:

Ethanol,acoagulantanddenaturizedofcellproteins.Flavoring

extractse.g.,vanillaandlemonextractsarepreservedbytheir



contentofalcohol.

Formaldehyde:

Additionofformaldehydetofoodsisnotpermitted,exceptasa

minorconstituentofwoodsmoke.Thiscompoundiseffective

againstmolds,bacteria,andviruses.

Antioxidants

Theyarepreventrancidityinfatsandfoodcontainingfats.fats

exposedtolight,moisture,heatorheavymetalionsbecome

activatedandoxidizetoperoxides.themostusedantioxidantsare

butylatedhydroxylanisole(BHA),butylatedhydroxyltoluence(BHT),

ascorbicacidandlecithin.TheBHAandBHTaremostfrequency

usedinvarietyofproductsbecausetheyarerelativelystableto

heat.

Woodsmoke:

Smokingoffoodsusuallyhastwomainpurposes:

AddingdesiredflavoursandPreservationeffect.Smokingprocess

helpspreservationbycombinedactionoftheheatandchemical

preservativesfrom thesmokeandbythedryingeffects,especially

Smokingtemperaturesformeatvaryfrom 43-71°C atthesurface.

andthesmokingperiodlastsfrom afewhourstoseveraldays.

Woodsmokecontainsalargenumberofvolatilecompoundsthat

mayhavebacteriostaticandbactericidaleffect.Formaldehydeis

consideredthemosteffectivewithphenolsandcresols.

Spicesandothercondiments:
Spicesandothercondimentsdonothaveanymarked
bacteriostaticeffectintheconcentrationsused,buthelpother



againstinpreventingthegrowthoforganismsinfood.Mustard
flourandvolatileoilofmustardareveryeffectiveagainst
Saccharomycescerevisiae.Cinnamonandclovescontaining
cinnamicaldehyde&eugenolrespectivelyusuallyare
morebacteriostaticthanareotherspices.Extractsofonion,garlic
andhorseradishaswellasofcabbageandturniphavebeen
showntobeinhibitorytoBacillussubtilisandEscherichiacoli.
Acroleinistheactivematerialinonionsandgarlicandbutyl
thiocyanateinhorseradish.

Natural’FoodPreservatives
Theuncertaintyvoicedbyconsumerorganisationsandpressure
groups
overtheuseoffoodadditivesincludingpreservativeshasalready
been
referredto.Theuseofnaturalfoodcomponentspossessing
antimicrobialactivitysuchasessentialoilsandthe
lactoperoxidasesystem inmilkhaveattractedsomeattentionin
thisrespect.Attentionhasalsobeenpaidtothebacteriocins
producedbyfood-grademicro-organismssuchasthelacticacid
bacteria.Nisin(seeSection9.4.1)isanalreadywellestablished
exampleanditsusecanbeextendedbyexpedientssuchas
inclusionofwheyfermentedbyanisin-producingstrainof
Lactococcus
lactisasaningredientinformulatedproductslikepreparedsauces.
Foodfermentationsmayserveeitherorbothoftwopurpose.

1.Toproducenewanddesiredflavours;
2.2.Tohelppreservethefood.

Ex:Fermentedmilks,sauerkraut.



LECTURE-9

FoodPreservationbyRadiation

Electromagnetic(e.m.)radiationisawayinwhichenergycanbe
propagatedthroughspace.Itischaracterizedintermsofits
wavelengthl,oritsfrequencyn,
Therangeoffrequenciesthate.m.radiationcanhaveisknownas
theelectromagneticspectrum andisgroupedintoanumberof
regions,visiblelightbeingonlyonesmallregion.
Theenergycarriedbye.m.radiationistransmittedindiscrete
packetsorquanta.Asfarasfoodmicrobiologyisconcerned,only
threeareasofthee.m.spectrum concernus;microwaves,theUV
regionandgammarays.

UltravioletIrradiation
UVradiationhaswavelengthsbelow450nm.Thequantacontain
energysufficienttoexciteelectronsinmoleculesfrom their
groundstateintohigherenergyorbitalsmakingthemolecules
morereactive.Chemicalreactionsthusinducedinmicro-
organismscancausethefailureofcriticalmetabolicprocesses
leadingtoinjuryordeath.
Onlyquantaprovidingenergysufficienttoinducethese
photochemical
reactionswillinhibitmicro-organisms,sothosewavelengthsthat
are
mosteffectivegiveusanindicationofthesensitivechemical
targets
withinthecell.Thegreatestlethalityisshownbywavelengths
around
260nm whichcorrespondtoastrongabsorptionbynucleicacid
bases.Thepyrimidinebasesappearparticularlysensitive,andUV
lightatthis
wavelengthwill,amongotherthings,inducetheformationof
covalently
linkeddimersbetweenadjacentthyminebasesinDNA.If
leftintactthesewillpreventtranscriptionandDNAreplicationin
affectedcells.Theresistanceofmicro-organismstoUVislargely
determinedbytheirabilitytorepairsuchdamage,althoughsome
organismssuchasmicrococcialsosynthesizeprotective



pigments.Generally,theresistancetoUVirradiationfollowsthe
pattern:

Gram-negatives<Gram-positives=yeasts<bacterialspores
<mouldspores<viruses

GermicidalLamps
Low-pressuremercurylampsareused:80%oftheir
UVemissionisatawavelengthof254nm whichhas85%ofthe
biologicalactivityof260nm.Wavelengthsaround200nm are
absorbedbyoxygenintheairproducingozonewhichisharmful.
FoodcontainersaresometimestreatedinuseUVandsomemeat
chillstoreroomshaveUVlampstoretardsurfacegrowth.UVcan
howeverinducespoilageofproductscontainingunsaturatedfatty
acidswhereitacceleratesthedevelopmentofrancidity.Process
workersmustalsobe
protectedfrom UVsincethewavelengthsusedcancauseburning
of
theskinandeyedisorders.

FactorsInfluencingEffectiveness

factorsthatinfluencetheeffectivenessofultravioletraysareas
follows:

1.Time.Thelongerthetimeofexposure,themoreeffectivethe
treatment.
2.Intensity.Theintensityoftheraysreachinganobjectwill
dependonthepowerofthelamp,theintensitywillincreasewith
thepowerofthelamp.
3.Penetration.Thenatureoftheobjectormaterialbeingirradiated

hasanimportantinfluenceontheeffectivenessoftheprocess.

Penetrationisreducedevenbyclearwater,whichalsoexertsa

protectiveeffectonmicroorganisms.Dissolvedmineralsalts,

especiallyofiron,andcloudinessgreatlyreducetheeffectiveness

oftherays.Evenathinlayeroffattyorgreasymaterialcutsoffthe

rays.Therefore,theraysaffectonlytheoutersurfaceofmost

irradiatedfoodsdirectlyexposedtothelampanddonotpenetrate



tomicroorganismsinsidethefood.Thelampsreducethenumber

ofviableorganismsintheairsurroundingthefood.

IonizingRadiations

Radiationclassifiedasionizingincludesx-raysorgammarays,
cathodeorbetarays,protons,neutrons,andalphaparticles.In
practicethreedifferenttypesareused.
1)High-energyelectrons.intheform ofbparticlesproducedby)

radioactivedecayormachinegeneratedelectrons.Strictly
speakingtheyareparticlesratherthanelectromagneticradiation,
althoughinsomeoftheirbehaviourtheydoexhibittheproperties
ofwaves.Becauseoftheirmassandcharge,electronstendtobe
lesspenetratingthanionizinge.m.radiation.
(2)X-raysgeneratedbyimpinginghighenergyelectronsona
suitable

target.Theyarenotcurrentlyconsideredeconomicalforusein
the foodindustry.
(3)Gammagraysproducedbythedecayofradioactiveisotopes.
The
mostcommonlyusedisotopecobalt60,Itemitshigh-energyg-
rayswhichcanpenetratefooduptoadepthof20cm .

EffectsonMicroorganisms
Ionizingradiationcanaffectmicro-organismsdirectlyby
interacting
withkeymoleculeswithinthemicrobialcell,orindirectlythrough
the
inhibitoryeffectsoffreeradicalsproducedbytheradiolysisof
water.Theseindirecteffectsplaythemoreimportantrolesincein
theabsenceofwater,doses2–3timeshigherarerequiredto
obtainthe
samelethality.Removalofoxygenalsoincreasesmicrobial
resistance
2–4foldanditisthoughtthatthismaybeduetotheabilityof
oxygento
participateinfreeradicalreactionsandpreventtherepairof
radiation
inducedlesions.AswithUVirradiation,themainsiteofdamagein



cells
isthechromosome.Hydroxylradicalscausesingle-anddouble-
strand
breaksintheDNAmoleculeasaresultofhydrogenabstraction
from
deoxyribosefollowedbyb-eliminationofphosphatewhichcleaves
the
molecule.Theycanalsohydroxylatepurineandpyrimidinebases.

Resistancetoionizingradiationdependsontheabilityofthe
organism
torepairthedamagecaused.Resistancegenerallyfollowsthe

sequence:

Gram-negativeo<Gram-positive=moulds<spores=yeasts<viruses

Food-associatedorganismsdonotgenerallydisplayexceptional

resistance,althoughsporesofsomestrainsofClostridium

botulinum typeAhavethemostradiationresistantspores.Since

studiesonfoodirradiationstarted,anumberofbacteriawhichare

highlyresistanttoradiationhavebeenisolatedanddescribed.

Althoughoneofthese,Deinococcusradiodurans,wasfirstisolated

from meat,theirroleinfoodsisnotsignificantinthenormal

courseofevents.

Thebactericidalefficacyofagivendoseofirradiationdependson

thefollowing:

1Thekindandspeciesoforganism:
2Thenumbersoforganisms(orspores)originallypresent:The
moreorganismsthereare,thelesseffectiveagivendosewillbe.
3Thecompositionofthefood:Someconstituents,e.g.,proteins,
catalase,andreducingsubstances(nitrites,sulphites,and
sulfhydrylcompounds),maybeprotective.Compoundsthat
combinewiththeSHgroupswouldbesensitizing.Productsof
ionizationmaybeharmfultothe
organisms.
4Thepresenceorabsenceofoxygen.Theeffectoffreeoxygen
varieswiththeorganism,rangingfrom noeffecttosensitizationof
theorganism.Undesirable"sidereactions,"arelikelyareintensified
inthepresenceofoxygenandtobelessfrequentinavacuum or
anatmosphereof
nitrogen.



5Thephysicalstateofthefoodduringirradiation.Bothmoisture
contentandtemperatureaffectdifferentorganismsindifferent
ways.
6Theconditionoftheorganisms.Age,temperatureofgrowthand

sporulation,andstatevegetativeorspore-mayaffectthe

sensitivityoftheorganisms.

MicrowaveProcessing

Microwaveheatingandprocessingoffoodsisbecoming
increasinglypopular,particularlyattheconsumerlevel.
Microwavesareelectromagneticwavesbetweeninfraredand
radiowaves.Unliketheotherformsofradiationwewilldiscuss,
microwavesact
indirectlyonmicro-organismsthroughthegenerationofheat.The
energyorheatproducedbymicrowavesastheypassthrougha
foodisaresultoftheextremelyrapidoscillationofthefood
moleculestoalignthemselveswiththeelectromagneticfieldbeing
produced.Thisrapidoscillation,orintermoleculefriction,
generatesheat.Thepreservativeeffectofmicrowavesorthe
bactericidaleffectproducedisreallyafunctionoftheheatthatis
generated.

HighHydrostaticPressure(HHP).(Pascalization)
Alsocalledaspascalization.Thistechniqueisappliedtofoods,
whichcanbeliquidorsolid,packagedorunpackaged,tohigh
pressure(whichvariesdependinguponapplication)usuallyfor5
minutesorless.HHPcanbeusedonmanyfoodssuchasrawand
cookedmeats,fishandshellfish,fruitandvegetableproducts,
cheeses,salads,dips,grainsandgrainproducts,andliquids
includingjuices,sauces,andsoups.Thehighpressuredoesnot
destroythefood.Microorganismslivingonthesurfaceandinthe
interiorofthefoodareinactivated.Inactivationisaccomplishedby
affectingthemolecularstructureofchemicalcompounds
necessaryformetabolicmetabolism inthemicroorganisms.HHP
isequallyeffectiveonmolds,bacteria,viruses,andparasites.
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Microbiologyofmilk

Milkisagoodgrowthmedium formanymicroorganisms
near-neutralpH,andavailable,becauseofitshighwatercontent
nutrients.Milk,however,isnotanidealgrowthmedium forsome
microorganismsduetoinsufficientamountsofaminoacids,for
Milkdoesexample,lysine,arginine,isoleucine,andglutamicacid.
possessanumberofantimicrobialfeaturesmentionedinprevious
lecture,presenteithertoprotecttheudderfrom infectionorto
protectthenewborncalf.Stimulationoflactoperoxidaseactivity
throughtheadditionofexogenoushydrogenperoxidehasbeen
investigatedasameansofpreservingrawmilkindeveloping
countrieswhereambienttemperaturesarehighandrefrigerationis
notoftenavailable.

Threesourcescontributetothemicro-organismsfoundinmilk:the
theteatexterioranditsimmediatesurroundings,and,udderinterior
themilkingandmilk-handlingequipment.
Asepticallytakenmilkfrom ahealthycownormallycontainslow
numbersoforganisms,typicallyfewerthan102–103cfuml_1,and
milkdrawnfrom somequartersmaybesterile.Theorganismsmost
commonlyisolatedaremicrococci,streptococciandthediptheroid
Corynebacterium bovis.Countsarefrequentlyhigherthoughdueto
mastitis.

Mastitis:-aninflammatorydiseaseofthemammarytissue,whichis
amajorcauseofeconomiclossinthedairyindustry.Mastitisis
alsodiagnosedbythepresenceofhighnumbersof
polymorphonuclearleukocyteswhichcanrisetolevelsof107ml_1
ininfectedmilk.Manyorganismscancausemastitis,themost
importantbeingStaphylococcusaureus,Escherichiacoli,
Streptococcusagalactiae,Strep.dysgalactiae,Strep.uberis,
PseudomonasaeruginosaandCorynebacterium
pyogenes.

Inmostdevelopedcountriesmilkischilledalmostimmediatelyafter
it
issuesfrom thecowandisheldatalowtemperaturethereafter.It
is
storedinrefrigeratedholdingtanksbeforebeingtransportedbya
refrigeratedorinsulatedlorrytothedairywhereitiskeptinchill



storage
tanksuntiluse.Throughoutthistime,itstemperatureremains
below71Candtheonlyorganismscapableofgrowingwillbe
psychrotrophs.
Therearemanypsychrotrophicspecies,butthosemostcommonly
found
inrawmilkincludeGram-negativerodsofthegeneraPseudomonas,
Acinetobacter,Alcaligenes,Flavobacterium,psychrotrophic
coliforms,
predominantlyAerobacterspp.,andGram-positiveBacillusspp.

Preservation:

-Asepsis:
Thepreventionofthecontaminationofmilkisimportantinits
preservation.Cleaningofdairyutensils,cow,milk-contactsurfaces
likepipelines,tanks,pumps,valves,separators,stirrers,andfillersis
maintainedtoreducethemicrobialcontamination.Packaging
servestokeepmicroorganismsfrom bottledmilk,fermentedmilks,
andotherdiaryproduct.
-Removalofmicroorganisms:
Aftermicroorganismshaveenteredmilk,itisdifficulttoremove
them effectively.Theprocessofcentrifugation,willremovesome
microorganismsfrom milk.Bactofugation:Thecentrifugal
procedureusedforremovingbacteriafrom milk,knownas
bactofugation.Itisnotusedextensivelyonacommercialbasis.
-Useofheat
Thefourtypesofheattreatmentappliedtomilkaredescribedin
thefollowingtable:-
Heattreatmentofmilk

62.81Cfor30minLowTemperatureHolding(LTH)

71.71Cfor15sHighTemperatureShortTime

(HTST)

1351Cfor1sUltraHighTemperature

41001Ctypically20–40min‘Sterilized’

ThemostpopularoftheUHTsystemsUltrahightemperature(UHT):
arethedirect-heatingmethodslike:



1.Steam-injectiontechnique:Itincludesasteam isinjectedinto
milkprocess.
2.Steam infusiontechnique:Itincludesmilkisinjectedintothe
steam process.
Thecombinationofthistypeofheattreatmentwith
asepticpackagingresultsinacategoryofproductsusuallyreferred
toas"sterilizedmilk"or"sterilizedcream."Thisdesignationdoes
notimplyabsolutesterilitybutasterileproductinthecommercial
sense.Theseproductshaveanextremelylongshelflifearound6
weeks.

-Useoflowtemperatures:
Newlypasteurizedmilkistobecooledto7C RefrigeratedStorage:
orlessandmaintainedthere.
Freezing
Icecream andotherfrozendairydessertsarefrozenaspartofthe
manufacturingprocessandarestoredatlowtemperaturesinthe
frozenstate,wheremicrobialmultiplicationisimpossible.

Butterinstorageisheldat-17to-180Corlower,whereno
microbialgrowthcantakeplace.Frozencream isstoredin
considerableamountsatasimilartemperature.

-Drying:
CondensedProducts:

Evaporatedmilkismadebyremovingabout60percentofthewater
from wholemilk,sothatabout11.5percentlactosewouldbein
solution,plustwicetheamountofsolubleinorganicsaltsinwhole
milk.Thishighconcentrationofsugarisinhibitorytothegrowthof
somebacteria
andpreventsthegrowthofsomebacteria.Bulkcondensedmilkis
morecondensedthanevaporatedmilkandisastillpoorerculture
medium fororganismsnottolerantofhighsugarconcentrations.
Condensedwhey,calledwheysemisolids,isanotherconcentrated
dairyproduct,asiscondensedbuttermilk,calledSemisolid
buttermilk,whichhasitsconcentrationofacidandothersolutes
increasedbythecondensationprocess.Highconcentrationsof
sugarandtheincreasedpercentageofsolubleinorganicsaltstieup
themoisture,makingitunavailabletoanymicroorganism except
osmophilicmicroorganisms.Therefore,drying,bothbyremovalof



waterandbytyingitup,isamain
preservativefactor.
DryProducts
Amongthedairyproductspreparedinthedryform aremilk,skim
milk,cream,whey,buttermilk,icecream mix,andmaltedmilk.
Usuallythemilkispreheatedbeforedrying(to65to85Cforthe
rollerprocessandto68.8to93.3Cforthesprayprocess).This
preheatingprocesspasteurizesthemilkandkillsthelessheat-
resistantmicroorganisms.Someofthedryingprocessesinvolvean
instantizationstep,inwhichthedrypowderiswettedandthen
redried.Inthisprocesstheproductisactuallyexposedtocontact
withtheairatninedifferentstages.Alargesalmonellosisoutbreak
involvingpowderedmilkwasshowntohaveresultedfrom air
contaminationduringthisinstantizingprocess.Themicrobial
contentoftheheat-drieddairyproductdependsonthecontentof
theliquidproducttobedried,thetemperatureandtimeof
preheating,theevaporationprocess,contaminationandgrowthin
storagetanksandpipes.Themethodofdrying,andcontamination
from airsources.Preheatingkillsorganismsaspasteurization
wouldandhencedestroysallbutthethermodurics.Evaporation,
especiallyacontinuousprocess,mayresultinincreasesin
thermoduricsandbacteriathatarethermophilic.Thehigh
temperatureoftherollerprocesswithoutvacuum destroysalmost
allorganismsexceptbacterialspores.

-AddedPreservatives:
Theadditionofpreservativestodairyproductsispermittedonlyto
alimitedextent.Theuseofsorbicorpropionicacidoroneoftheir
saltsispermittedincottagecheese.Addedsugaractsasa
preservativeofsweetenedcondensedmilk;Sodium chlorideor
commonsaltisaddedinthemanufactureofvariouskindsof
cheesebutusuallyitismoreforflavororforcontrollingthegrowth
ofmicroorganisms.
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Spoilageofmilk

-GasProduction
Gasproductionbybacteriausuallyisaccompaniedbyacid
formationanditisundesirableinmilkandmilkproducts.
Inrawmilkthecoliform bacteriaaremostapttobethemaingas
formers.
Heterofermentativelacticsalsomayproducegas,butusuallynot
enoughtobeevidentinthemilk.Yeasts(lactose-fermenting)
usuallyareabsentorinlownumbersinmilkanddonotcompete
wellwiththebacteria.
Gas-formingClostridium andBacillusdonotcompetewellwith
acidformersathighertemperaturesbutmayfunctioniftheacid
formersareabsentorcomparativelyinactive.Milkheatedat
pasteurizingtemperaturesorabove,thechiefacidformerswillbe
killed,thesporesofClostridium andBacillusspecieswillsurvive,
andgasformationbythesporeformers
maytakeplace.

Proteolysis:
Thehydrolysisofmilkproteinsbymicroorganismsusuallyis
accompaniedbytheproductionofabitterflavorcausedbysome
ofthepeptidesreleased.Proteolysisisfavoredby:
1.Storageatalowtemperature.
2.bythedestructionoflacticandotheracidformersbyheat.

3.Bythedestructionofformedacidinthemilkbymoldsandfilm
yeasts.
4.Theneutralizationofacidsbyproductsofotherorganisms.

Thetypesofchangeproducedbyproteolyticmicroorganisms
include
(1)Acidproteolysis,inwhichacidproductionandproteolysisoccur
together.Acidproteolysismaybecausedbyseveralspeciesof
Micrococcus,someofwhichgrowintheudderofthecowand
causeacidproteolysisofasepticallydrawnmilk.



(2)Proteolysiswithlittleacidityorevenwithalkalinity.
(3)Sweetcurdling,causedbyrenninlikeenzymesofthebacteria
atanearlystageofproteolysis.
(4)Slowproteolysisbyintracellularenzymesofbacteriaaftertheir
autolysis.Slowproteolysisbyintracellularenzymesofbacteria
aftertheirautolysisisofnosignificanceinmilkunderordinary
circumstancesbutissignificantwhenalongtimeisallowedfor
theiraction
(5)Residualproteolyticactivityofheat-stableproteinase.ex.,

Pseudomonasfluorescensproducesaproteinasethatwillsurvive
pasteurizationeventhoughthebacterium doesnot.

Ropiness:
Ropinessandsliminesscanoccurinmilk,cream,orwheybutare
importantmostlyinmarketmilkandcream.
Nonbacterialropinessorsliminessmaybedueto:
(1)Stringinesscausedbymastitisandinparticularbyfibrinand
leukocytesfrom thecow'sblood
(2)Sliminessresultingfrom thethicknessofcream,e.g.,atthe

topofabottle.
(3)Stringinessduetothinmmsofcaseinorlactalbuminduring
cooling,assometimesisobservedonsurfacecoolers.Thiseffect
isonlytemporary.
Bacterialropinessiscausedbyslimycapsularmaterialfrom the
cells,usuallygumsormucins,anddevelopsbestatlowstorage
temperatures.Theropinessdecreasesastheacidityofthemilkor
cream increases.

Therearetwomaintypesofbacterialropiness,oneinwhichthe
milkismostropyatthetopandtheotherinwhichthemilk
becomesropythroughout.
SurfaceropinessiscausedmostoftenbyAlcaligenesviscolactis,
anorganism chieflyfrom waterorsoilthatcangrowfairlywellin
thevicinityof100C.Someofthethermoduricmicroococci,e.g.,
Micrococcusfreudenreichii,cancausesurfaceropiness.
Ropinessthroughoutthemilkmaybecausedbyanyofanumber
ofkindsofbacteria
1-Enterobacteraerogenes,E.cloacae,Klebsiellaoxytoca,and
rarelyEscherichiacoli.RopinesscausedbyEnterobacterusuallyis
worsenearthetopofthemilk.
2-Certainstrainsofsomeofthecommonspeciesoflacticacid
bacteria.Streptococcuslactisvar.hollandicuscausesropinessin
milk,andisusedinmakingScandinavianfermentedmilk.



Lactobacilluscasei,L.bulgaricus,andL.plantarum occasionally
produceropiness,asdostrains
ofStreptococcuscremoris.Mostoftheselacticbacteriacangrow
inlongchains,acharacteristicthatsupposedlycontributestothe
stringyconditionofthemilk.
3.Miscellaneousotherbacteriaamongthealkaliformers,
micrococci,streptococci,andbacilli.Ordinarilythesebacteria
wouldbesuppressedbytheacidformers.
Sincethesourcesofthebacteriacausingropinessarewater,
manure,utensils,andfeed,thereductionoreliminationof
contaminationfrom thesesourceshelpspreventropiness.
Adequatepasteurizationofmilkreadilydestroysmostofthese
kindsofbacteria.
Thefollowingchangesinthemilkfattakeplace:
1.Oxidationoftheunsaturatedfattyacids,which,coupledwith
otherdecomposition,yieldsaldehydes,acids,andketonesand
resultsintallowyodorsandtastes.Thereactionisfavoredby
metals,sunlight,andoxidizingmicroorganisms.
2.Hydrolysisofthebutterfattofattyacidsandglycerolbythe
enzymelipase.Thelipasemayhavebeenintheoriginalmilkor
maybemicrobial.
3.Combinedoxidationandhydrolysistoproducerancidity.
Speciesoflipase-formingbacteriaarefoundinmanyofthe
bacterialgenera,e.g.,Pseudomonas,Proteus,Alcaligenes,Bacillus,
Micrococcus,Clostridium,andothers.Manyofthemoldsand
somespeciesofyeastsarelipolytic.Pseudomonasfragiand
Staphylococcusaureusproducefairlyheat-resistantlipaseswhich
maysurvivepasteurizationifpresentintherawmilk.

AlkaliProduction:
Thegroupofalkaliformersincludesbacteriawhichcausean
alkalinereactioninmilkwithoutanyevidenceofproteolysis.The
alkalinereactionmayresultfrom theformationofammonia,as
from urea,orofcarbonates.Mostofthesebacteriagrowfrom
moderatetolowtemperatures,andmanycansurvive
pasteurization.Ex.ofalkaliformersarePseudomonasfluorescens
andA.viscolactis.

FlavorChanges:
Asdrawnfrom thecow,milkmaybeabnormalinflavorbecauseof
theindividualcow,mastitis,thestageoflactationofthecow,or
feed.
Someoftheoff-flavorscausedbymicroorganismsaredescribed



asfollows:
1-SourorAcidFlavor:Theaciditymaybedescribedas
"clean,"asproducedbyStreptococcuslactisandotherlactic.
"aromatic;"whenlacticstreptococciandaroma-forming

Leuconostocspeciesaregrowingtogether.
"sharp,"whenappreciableamountsofvolatilefattyacids(formic,

acetic,orbutyric)areproducedbycoliform bacteria,Clostridium
spp.,andotherorganisms.

Cleanandaromaticflavorsaredesiredinfermentedmilkproducts,
butsharpflavorsareundesirable.

2-BitterFlavors:
Bitternessusuallyresultsfrom proteolysisbutmayfollowlipolysis
orevenfermentationoflactose.Milkfrom cowslateintheir
lactationperiodsometimesisslightlybitter.someorganismscan
causebitternesssuchacertainstrainsofcoliform bacteriaandof
asporogenousyeasts.
3-CaramelFlavor:
CertainstrainsofStreptococcuslactisvar.maltigenesproduce
thisflavor,whichresemblesthecookedflavorofoverheatedmilk.

ColorChanges
Colorchangescausedbymicroorganismsmayoccuralongwith
otherchanges.Thecolormaybeduetothesurfacegrowthof
pigmentedbacteriaormoldsintheform ofascum orringormay
bepresentthroughoutthemilk.
1.BlueMilk:Pseudomonassyncyaneaproducesabluish-grayto
brownishcolorinmilkinpureculturebutwhengrowingwithan
acidformerlikeStreptococcuslactiscausesadeep-bluecolor.
Thisdefectandthebluecolourproducedbyactinomycetesor
speciesofthemoldGeotrichum arerare.
2.YellowMilk:Pseudomonassynxanthamaycauseayellowcolor
inthecream layerofmilk,coincidenttolipolysisandproteolysis.
SpeciesofFlavobacterium canalsogiveyellowness.
3.RedMilk:RedmilkusuallyiscausedbyspeciesofSerratia,e.g.,
S.marcescens,butisrarebecauseotherbacteriaordinarily
outgrowthered-pigmentedspecies.Brevibacterium erythrogenes
producesaredlayeratthetopofthemilk,followedbyproteolysis.
Micrococcusroseusmaygrowandproduceredsediment,and
yeastmayproducepinkorredcoloniesonthesurfaceofsourmilk
orcream.Bloodinmilkwillgiveitaredcolor.Theredbloodcells
settleoutorcanbecentrifugedout.
4.BrownMilk:Abrowncolormayresultfrom Pseudomonas
putrefaciensorbytheenzymicoxidationoftyrosinebyP.



fluorescens.

Sourcesofcontamination:
1)OntheFarm
•Milkcontainsrelativelyfewbacteriawhenitleavestheudderof
thehealthycowandgenerallythesebacteriadonotgrowinmilk.
•Duringmilking,thecontaminationofmilkisbytheexteriorofthe

udderandadjacentareas.Bacteriafoundinthemanure,soiland
watermayenterfrom thissource.
•Twomostsignificantsourcesofcontaminationaredairyutensils
andmilk-contactsurface,includingthemilkpailormilking
machines.•Undesirablebacteriafrom thesesourcesincludelactic
streptococci,coliform bacteria,psychrotrophicgram-negativerods,
andthermodurics,thosewhichsurvivepasteurization,e.g.,
micrococci,enterococci,bacilli,andbrevibacteria.
 •Otherpossiblesourcesofcontaminationarethehandsandarms
ofthemilkerordairyworkers.
Thenumberofbacteriapermilliliterofmilkaddedfrom various
sourcesdependsonthecaretakentoavoidcontamination.

2)InTransitandatManufacturingLevel
•Aftermilkisleftinthefarm,thepossiblecontamination

includethetankertruck,transferpipes,samplingutensils,and
theequipmentatthemarket-milkplantorotherprocessing
plant.Theamountorlevelofcontaminationfrom eachofthese
sourcesdependsoncleaningandsanitizingmethods.
•Handsandarmsoftheemployeesareapossiblesourceof
contaminationandpathogens.
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Microbiologyoffruitsandvegetables

Fruits

Despitethehighwateractivityofmostfruits,thelowpHleadsto
theirspoilagebeingdominatedbyfungi,bothyeastsandmoulds
butespeciallythelatter.Thedegreeofspecificityshownbymany
speciesofmoulds,activeinthespoilageofharvestedfruitsinthe
marketplaceorthedomesticfruitbowl,reflectstheirpossiblerole
aspathogensorendophytesoftheplantbeforeharvest.Thus
Penicillium italicum andP.digitatum showconsiderablespecificity
forcitrusfruits,beingthebluemouldandgreenmouldrespectively
oforanges,lemonsandothercitrusfruits.Penicillium expansum
causesasoftrotofapplesand,althoughtherotitselfistypically
softandpalebrown,theemergenceofaringoftightlypacked
conidiophoresbearingenormousnumbersofblueconidiospores,
hasledtothisspeciesbeingreferredtoasthebluemouldof
apples.
Anespeciallywidespreadmouldonbothfruitsandvegetablesis
the
greymouldBotrytiscinerea,Infectionofgrapesonthevinebythis
samemouldcanleadtodryingoutofthegrapeandanincreasein
sugarconcentrationandwinesmadefrom suchcontaminatedfruit
areconsideredtobeveryspecial.
Toavoidexcessivemouldspoilageofharvestedfruitduring
storageandtransportitisnecessarytoharvestattherightstage
ofmaturityandavoiddamageandbruising.Mouldyfruitshouldbe
removedanddestroyedandgoodhygieneofcontainersand
packagingequipmentisessentialtopreventabuild-upofmould
growth.

Vegetables

ThehigherpHvaluesofthetissuesofmanyvegetablesmakes
them more
susceptibletobacterialinvasionthanfruitsalthoughtherearealso
a
numberofimportantspoilagefungiofstoredvegetables.The
bacteria
involvedareusuallypectinolyticspeciesoftheGram-negative
genera



Pectobacterium,PseudomonasandXanthomonas,although
pectinolytic
strainsofClostridium canalsobeimportantinthespoilageof
potatoesundersomecircumstances,andthenon-sporingGram-
positiveorganism
Corynebacterium sepedonicum causesaringrotofpotatoes.

Deteriorationofrawvegetablesandfruitsdueto
1.Physicalfactors
2.Actionoftheirownenzymes
3.Microbialaction
4.Freezing
5.Desiccation

6.Othermishandling

SymptomVegetableMicroorganism

ringrotof

tubers

PotatoCorynebacterium sepedonicum

softrotPotatoRalstoniasolanacearum

softrotPotatoPectobacterium carotovorum var.

atrosepticum

scabPotatoStreptomycesscabies

blackrotBrassicasXanthomonascampestris

blackrotGarlic,OnionAspergillusalliaceus

pinkrotTomatoTrichothecium roseum

dryrotPotatoFusarium coeruleum

liquoricerotCarrotMycocentrosporaacerina

Somemicroorganismsinvolvedinthespoilageof

freshvegetables



Spoilageoffruitandvegetablejuices

Moldscangrowonthesurfaceofacidicfruitjuicesifjuicesare
exposedtoair.Highmoisturecontentfavorsthefastergrowingof
yeasts.Theremovalofsolidsfrom thejuicesbyextractionand
sievingraisestheoxidation–reductionpotentialandfavorsthe
growthofyeasts.
Mostfruitjuicesareacidenoughandhavesufficientsugartofavor
thegrowthofyeastswithintherangeoftemperaturethatfavours
them from 15.6to35°C.Concentratesoffruitandvegetablejuices
containhighsugarcontent.Itfavoursthegrowthofyeastslike
acidandsugartolerantlikeLeuconostocandLactobacillus
species.

Inadditiontotheusualalcoholicfermentation,fruitjuicesmay
undergootherchangescausedbymicroorganisms:

1.Thelacticacidfermentationofsugars,mostlyby
heterofermentativelacticacidbacteriasuchasLactobacillus
brevisandLeuconostocmesenteroidesinappleorpearjuice
attackbyhomofermentativelacticacidbacteriasuchas
Lactobacillusarabinosus,

2.Thefermentationoforganicacidsofthejuicebylacticacid
bacteria.E.x.Lactobacilluspsatorianus,malicacidtolacticacid
andsuccinicacid,andcitricacidtolacticandaceticacids.

3.SlimeproductionbyLeuconostocmesenteroides,Lactobacillus
brevis,andLactobacillusplantarum inapplejuiceandbyL.
plantarum andStreptocoociingrapejuice.
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DefenseReactions

Fruitsandvegetablesofferarangeofbarrierstoinfection
bypostharvestspoilagemicroorganisms.Somearepreformedor
constitutiveintheplantorgan.
Thecuticlebarrieristhemostexternalbarriertopenetration.

Removalofwaxesfrom thecuticlehasbeenshowntoincreasethe
vulnerabilityofpepperfruitsandcabbagetoinfectionbycertain
fungi.
Preformedantimicrobialcompounds,designated“phytoanticipins,”
mayalsobeinvolvedinplantresistance,althoughdemonstration
oftheiractualeffectsonresistanceisrelativelyhardtoachieve
becauseofdifficultiesinassessinginhibitoryactivityandin
correlatingchangesinconcentrationswithdecaydevelopment.
Awiderangeofdefensivebarriersmayalsobeformedinreaction
toaninfectionandconstituteaplantimmunesystem.Pathogens
producepathogen-associatedmolecularpatternelicitors,which
elicitplantdefensereactions.Planttissuesmayproducesmall
moleculesofvariednature,knownasphytoalexins.
Bramley’sSeedlingapplesproducebenzoicacidinresponsetothe
someinfection,andtheresistanceofcarrottoB.cinereahasbeen
attributedtoacoumarin.
Structuralchangessuchasaccumulationofligninorsuberinor
developmentofcallushavealsobeenobservedasdefensive
reactions,particularlyincarrot,potatotuber,andpear.
Polygalacturonase-inhibitingproteinsproducedbyplantsand
actingagainstendopolygalacturonasesofplant-pathogenicmolds
thatcausewalldegradationandtissuemacerationhavebeen
detectedinarangeoffruits
andvegetables,includingapple,pear,grape,raspberry,onion,and
pepper

ControllingSpoilage

Postharvestcontroloftemperature,relativehumidity,and



compositionofthegaseousatmospherecanreducethe
physiologicalactivityoffruitsandvegetables,therebydelaying
ripeningandsenescenceandconsequentlyprolongingshelflife.
Theseenvironmentalfactorsmayactbygivinglessopportunityfor
thepathogentodevelopbyretainingtheintegrityoftheplant
organandbydirectlyinhibitingmicrobialgrowth.

-Adecreaseintemperatureby10°Creducestherespiratoryactivity
2-to4-fold,andtemperaturecloseto0°Cisrecommendedfor
mostcommodities,withtheexceptionofthoseoftropicalorigin
andafewtemperateproduceitemsthatsufferfrom physiological
disorders(chilling
injuries)whenstoredatrefrigerationtemperatures.Forthese
products,theoptimalstoragetemperatureiscloseto10°C.

-Modifiedatmospheres,usedincombinationtochillstorage,also
reducethephysiologicalactivityoffreshproduce.Recommended
CO2concentrationsforproducestoragerarelyexceed10%,and1
to5%O2istolerated.ExposuretohigherCO2(lowerO2)levels
mayresultinphysiologicaldisorders,leadingtolossinquality.
Modifiedatmospheresreducemicrobialspoilageoffruitsand
vegetablesinmanyinstances,althoughsomespoilage
microorganismsarenotdirectlyinhibited.Forexample,controlled
atmospherestorage
ofapplesat1°Cinanatmospherecontaining5%CO2and3%O2
preventsthedevelopmentoflesions,whileinvitrothisgaseous
atmospherehasnoeffect.Generally,Thelowersusceptibilityto
postharvestpathogensoffruitsandvegetablesstoredunder
controlledatmospheresismainlyduetodelayedsenescence.

-Waterlossisaconsequenceofrespiratoryactivityandishighly
detrimentaltoquality.A10%weightloss(muchlessforleafy
vegetables)makesproduceunacceptabletoconsumers.Storage
atrelativehumidityhigherthan90%isrecommendedformost
commodities,withafewexceptions,e.g.,garlicandonion.
Highhumidityalsoincreasestheavailabilityofnutrientsto
spoilagemicroorganisms,favoringtheirsurvivalandtheir
germination.

-Thepossibilityofusingionizingradiationtoextendtheshelflife
offruitsandvegetableshasbeenstudiedsincethe1950s.
Postharvestspoilagebacteriaandfungiaresensitivetoionizing
radiation.Doseslowerthan4kGyreduce1,000-foldthe



germinationofmajorpostharvestpathogenssuchasPenicillium
spp..DecimalreductiondosesforPseudomonasandothergram-
negativebacteriaareapproximately0.2kGy.However,itappears
thatsomefruitsandvegetablesareadverselyaffected(bytissue
softening,forinstance)bydosesnecessarytoinactivatesome
postharvestpathogens.Treatmentwithionizingradiationis
consequentlyusefultolowerinitialcontaminationortoinhibitthe
growthofpostharvestpathogensandtodelaythedevelopmentof
disease,butnotforcompleteeliminationofmicrobial
contaminants.

-Prestorageheattreatmenthasbeenusedwithsomesuccessto
reducepostharvestspoilageofawiderangeoffreshproduce,
includinggreenpepper,apple,andcitrus.Twomaintypesof
applicationscanbedistinguished:
1-short-term exposuretoheat,from afewsecondsat60to62°C
to60to120minatabout45°C.
2-byimmersioninorrinsingandsprayingwithhotwater;orlong-
term exposure,alsoknownas“curing”(forafewhourstoseveral
days),mainlyinhotair.
Twokindsofeffectscanbeobserved,eitherdirecteffectson
microbialcontaminantsorindirecteffectsonthetreatedfruitor
vegetable.



Lecture14

MicrobiologyofMeat,Poultry,andSeafood

TypesandOriginsofInitialMicrofloras

Itisgenerallyacceptedthatbacteriaareabsent,undetectable,orpresentin
verylownumberswithinmuscletissuesofhealthylivefoodanimals(i.e.,
meat,poultry,andseafood).Theprocessesofanimalslaughteringand
carcassdressing,orcatchingofseafood,allowmicrobialcontaminantsto
bedepositedontheexposedcutsurfacesofmuscleandadiposetissue.
Contaminationoriginatesfrom theexternalanimalsurface,includingthe
gastrointestinaltract,aswellasfrom theenvironment,includingair,soil,
water,equipmentsurfaces,andhumans.Theexposedmuscletissuesmay
becomecontaminatedwithavastarrayofgram negativeandgram-positive
bacteriaandfungi.

Theinitialprevalenceandextentofmicrobialcontaminationonmuscle
foodsmayvarydependingontheoriginoftheanimalandthesanitation
proceduresand
hygienicpracticesemployedduringproduction,transport,handling,and
processingoftheproduct.Specificparametersthataffectthecomposition
andnumbers
ofthemicrofloraincludeenvironmentalconditions,suchaswetormuddy
hides,whichmaycontainhigherpopulationsofbacteriaindigenoustosoil,
whereas
microorganismsoffecaloriginaregenerallymorecommonwhenthehideis

soiledwithfecalmaterial.

MicrobialCellAttachmentandBiofilms

Thefirsteventinmusclefoodcontaminationistheattachmentofmicrobial
cellstoasurface,whichisfollowedbycolonization.Thecompositionofthe
initialmicrobiotaonmeatsurfacesmaybeaffectedbydifferencesinthe
rateofattachmentofbacterialstrains.Pseudomonasisconsideredto
attachmorereadilyontomuscletissuesurfacesthanotherspoilage
bacteria.Preeviscerationspray-washingordecontaminationofcarcassesis
appliedimmediatelyafterhideremovalintheUnitedStateswiththegoalof
removingcontaminationbeforestrongattachmentofcellsoccursonthe



carcasssurface.

Ingeneral,bacterialcellattachmentonbiotic(e.g.,muscletissue)orabiotic
(e.g.,equipment)surfacesmaybeinfluencedbyfactorssuchassurface
characteristics,propertiesofthesubstrate,andphysiologicalstage,surface
characteristics,andmotilityofthecells.

Biofilmsconsistofbacterialcellsencapsulatedinanexopolysaccharide
matrixthatallowsthem toadheretosurfacesandeachotherandprotects
them from adverseconditions.Cellsform microcoloniesorclusters
enclosedwithinthehydratedmatrix,andporesorchannelsthroughoutthe
structureallowtransportofoxygen,nutrients,andwaste.Cellmatricesform
anetworkthatfacilitatesformationandmaintenanceofthebiofilm
structureandincreasescellresistancetosanitizers.

biofilmsmayform inallareasoffoodprocessingenvironments,including
floors,walls,pipes,anddrainsetc.Hard-to-cleanand-sanitizecrevicesin
conveyorbelts,pasteurizers,gaskets,anddeadspacesbecomesitesof
biofilm establishment.PathogenssuchasListeriamonocytogenesmay
persistinfoodplantsformonthsanduptoseveralyears.

Mono-ormultispeciesbiofilmsareformedbyspoilageaswellas
pathogenicbacteria,includingPseudomonas,Listeria,Salmonella,
Campylobacter,Escherichiacoli,andlacticacidbacteria(LAB).

MicrobialSpoilageOfMuscleFoods

DevelopmentoftheSpoilageAssociation
Musclefoodspoilage,beingtheresultofchemical,enzymatic,andmicrobial
activities.Astheinherentprotectivebarriers(i.e.,skin,hide,andshells)are
destroyedatslaughter,orduringcatchingoffishandshellfish,theresulting
tissuesbecomeexposedtoenvironmentalmicrobialcontamination.In
addition
toreducedcontaminationlevels(discussedinthefollowingparagraphs),
decontaminationofmeatwithacidsolutionsmayleadtochangesinthe
dominatingmicrobesassociatedwiththetissueand,ifcombinedwith.long-
term storage,mayallowdevelopmentofyeasts,whereashotwaterorsteam
decontaminationmayselectforothertypesofspoilagemicroorganisms
.Thelevelsandtypesofinitialmicrobiotasalsovaryduetothelevelof

hygiene,temperature,airflow,gaseousatmosphere,andotherinfluences
encounteredduringproducthandling,processing,andstorage,asthey
selectwhichoftheinitialornewcontaminantswillprevailandform the
dominantmicrobiotaastheproductages.



Ingeneral,relativelyfewmicrobialtypesdominatethroughselectionduring
storagebasedmostlyonstoragetemperatureandthegaseouscomposition
ofthesurroundings.Aerobicorfacultativeanaerobicgram-negativebacteria
suchasPseudomonadsdominateundercoldaerobicconditions,whereas
thedominantmicrofloraconsistslargelyofLABinvacuum-packaged
products.LAB,althoughdetectedintheaerobicspoilagefloraofchilled
meat,areconsideredimportantonlyintheaerobicspoilageoflamb.Muscle
souringiscausedbygrowthofLABandB.thermosphacta.LABaremostly
responsibleforspoilageofmeatinrestrictedoxygenenvironments.Species
ofLeuconostocandL.sakeihavebeenassociatedwithspoilageofcold
storedvacuum orundermodifiedatmospherepackaging(MAP)smeat
consistingof40%CO2–30%O2–30%N2.Hence,differentmicrobialspecies
dominateindifferentenvironmentsandcontributetomusclefoodspoilage
astheyreleasedifferentvolatilecompounds.

Spoilagediffersamongcooked,cured,heat-processed,fermented,ordried
productsofvaryingwateractivityandpH.Spoilageduringstorageof
perishable,processedorcooked,uncuredmeatsisduetosurvivingor
postcookingmicrobialcontaminants.Dominantspoilagemicroorganisms
mayincludemicrococci,streptococci,lactobacilli,andB.thermosphacta.
Recontaminationwithnonproteolyticbacteriaresultsinthedevelopmentof
sourodors,whereasrecontaminationwithproteolyticsresultsinputrid
odorsduetothebreakdownofaminoacids.Spoilageofcannedmuscle
foodproductsisusuallyduetospoiledrawmaterials,inadequatethermal
processingallowingsurvivalofheat-resistantmesophilicsporeformers,
slowcoolingorstorageathightemperaturesthatallowproliferationof
thermophilicsporeformers,orreintroductionofmicroorganismsthrough
postprocessingleakage.

PathogensInMuscleFoods

Biologicalhazardsassociatedwithmeat,poultry,andseafoodinclude
pathogenicbacteria,viruses,parasites,andtoxigenicmolds.Accordingto
theU.S.CentersforDiseaseControlandPrevention(CDC),pathogens(and
someassociated
foods)responsibleformostfoodborneillnessareCampylobacter(poultry),
E.coliO157:H7(groundbeef,leafygreens,andrawmilk),L.monocytogenes
(delimeats,unpasteurizedsoftcheeses,andproduce),Salmonella(eggs,
poultry,meat,andproduce),Vibrio(rawoysters),norovirus(manyfoods;e.g.,
sandwichesandsalads),andToxoplasma(meats).Viralpathogensareof
majorconcerninfoodservice,whereasbacterialpathogenssuchasE.coli
O157:H7andotherShigatoxin-producingE.coli(STEC),Salmonella,and
Campylobactercontinuetobeofimportanceinthesafetyofrawmeatand



poultry,asdoesL.monocytogenes
inready-to-eatprocessedproducts.

Riskstoconsumersfrom consumptionofstoredmusclefoodproductsmay
alsobeduetothepresenceofbiogenicaminessuchashistamine,
putrescine,spermidine,andspermine.Aminesfoundinfreshmeatandfish
products(primarilyscombroidspeciessuchastuna,mahimahi,and
mackerel)underaerobicorvacuum/MAPstoragemayleadtoscombroid
poisoning,asevere,andsometimesfatal,allergicreaction.Biogenicamine
formationinsomeproductshasbeenattributedtoEnterobacteriaceae;
however,tyraminecanalsobeformedbysomestrainsofLactobacillus.
Propersanitationandstoragetemperatureandstoragetime
limitationshouldminimizehumanhealthproblemsassociatedwithbiogenic
aminesinmusclefoods.

FermentedMeats,Bacteriocins,AndProbioticFoods

Fermentedfoodsareproductsofmetabolicprocessesofvariousmicrobial
types,includingbacteria,yeasts,molds,orcombinationsthereof,that
convertfoodcommoditysubstratesintovarioustypesofdesirablefoodsor
ingredientssuchasvitaminsandenzymes.Thereisavastarrayof
fermentedmusclefoodproductsavailablethroughouttheworld.Traditional
fermentedfoodspredatewrittenhistoryandweredevelopedtoupgrade
plantandanimalmaterialsbyproducingmoreacceptablefoodsandto
preventthegrowthofspoilageandpathogenicmicroorganismswithoutthe
needforcoldstorage.Commonfermentedfoodsaresausages,whichwere
inventedbytheSumeriansabout5,000yearsagoandwerepopularamong
ancientGreeksandRomans.

Majormicrobialgroupsusedinproductionoffermentedsausagesand
similarproductsareLABandcoagulase-negativecocci.Dependingonthe
product,groupssuchasyeastsandenterococcimayalsoplayarole.The
fermentationprocessinvolvescomplexbiochemicalandphysicalreactions
resultinginsignificant
changesintheinitialproductcharacteristics.Thesensorialprofileofthe
finalproductisaffectedbythedominatingmicrobialstrains.
Inadditiontotheircrucialroleinmeatfermentations,LABarethemost
recognizedandinvestigatedproducersofmicrobialantagonists,suchas
bacteriocins.
Bacteriocins,however,areknowntoexertonlyatransitorybactericidal
effectagainstpathogenssuchasL.monocytogenes;often,thereis
regrowthofthepathogeninbacteriocin-containingfoods.Theregrowthmay
beduetofactorsthatseverelylimitgrowthofbacteriocinproducingcells



(e.g.,restrictednutrientavailability);decreasedbacteriocinactionasaresult
ofadsorptiononto
foodparticles,fat,andprotein;thepresenceofcuringagents;the
emergenceofbacteriocin-resistantcells;andorbacteriocindegradationby
proteasesoffoodand/ormicrobialorigin.Althoughabundantinthe
environmentandextensivelyresearchedinthepast30years,the
bacteriocinsdescribedabove,withtheexceptionofnisin,havenotreceived
regulatoryapprovalintheUnitedStatesandsoarenotcommerciallyusedin
foods.

Recently,intheUnitedStates,probiotic-containingfoodshavegained
consumeracceptanceashealth-promoting,functionalfoods.Hence,there
isinterestindevelopingfermentedsausagesbasedonprobiotic
microorganisms.Resultsofrelatedresearcharestillpreliminary;hence,
evaluationsofthehumanhealtheffectsoffermentedmeatsproducedby
probioticbacteriaarepending.ThereisalsointerestforuseofLABas
probioticsinfishproducts.



Lecture15

HazardousSubstancesInFood

Threegeneralclassesofhazardsarefoundinfoods:(1)microbial

orenvironmentalcontaminants,(2)naturallyoccurringtoxic

constituents,and(3)thoseresultingfrom intentionalfood

additivesornovelfoodsoringredients.Themostdangerous

contaminantsarethoseproducedbyinfestationsofbacteriaor

mouldsinfood,whichcanproducetoxinsthatremaininthefood

evenafterthebiologicalsourcehasbeendestroyed.

MicrobialContamination

Pathogenicbacteria

Outbreaksofacutegastroenteritiscausedbymicrobialpathogens
areusuallycalledfoodpoisoning.Theycanbecausedby
foodborneintoxication(wheremicrobesinfoodproduceatoxin
thatproducesthesymptom)orfoodborneinfection(wherethe
symptomsarecausedbytheactivityoflivebacterialcells
multiplyinginthegastrointestinalsystem).
TheTablebelowliststhemostcommonbacterialcausesoffoodpoisoning,
inorderoftherapidityofonsetofsymptoms.Ingeneraltheintoxications
haveamorerapidonset.

ThemostimportantpathogensareClostridium botulinum,
Staphylococcusaureus,SalmonellaspeciesandClostridium
perfringens.Thelastthreeorganismsaccountforabout70-80%of
allreportedoutbreaksoffoodborneillness,buttherearealso
manyothersaswellassomeviralandprotozoanagents.
Thefourmostfrequentlyidentifiedfactorscontributingtofood

poisoningincidentsare:impropercoolingoffood,lapsesof12
hoursormorebetweenpreparingandeating,contaminationby
foodhandlers,andcontaminatedrawfoodsoringredients.

Mycotoxins

Moulds,orfungi,arecapableofproducingawidevarietyof



chemicalsthatarebiologicallyactive.Humanshaveusedsomeof
theseaseffectiveantibiotics,buttherearealsoanumberof
diseasesresultingfrom accidentalexposuretofungalproducts
thatcontaminatefood.Someexamplesareasfollows:

AflatoxinsTheseareagroupofhighlytoxicandcarcinogenic
compoundsfrom thecommonAspergillusfungusspecies.They
arestabletoheatandsurvivemostformsoffoodprocessing.
Aflatoxincontaminationcanoccurwheneverenvironmental
conditionsaresuitableformouldgrowth,buttheproblem ismore
commonintropicalandsemitropicalregions.Aflatoxinswerefirst
recognisedinthe1960sinpeanuts.Onaworld-widebasis,maize
isthemostimportantfoodcontaminatedwithaflatoxin.

PatulinisanantibioticthatisproducedbythemouldPenicillium
caviforme.Ithasbeenimplicatedasapossiblecarcinogen.Patulin
inprimarilyassociatedwiththeapplerottingfungusandsoapple
juicesandsomebakedgoodswithfruitcancontainpatulin.

Fumonisinsarecarcinogenicmycotoxinsfrom theFusarium
fungusassociatedwithcorn.In1990itwasreportedthatuseof
mouldycornwithhighlevelsoffumonisinstomakebeerinthe
TranskeiofSouthAfricawasassociatedwithaveryhighincidence
ofoesphagealcancer.

Newfoodbornediseases

Threeofthemostseriousfoodpathogenstoday(Campylobacter,
ListeriaandenterohemorrhagicE.coli)wereunrecognisedas
causesofillness30yearsago.Someofthemoreimportantnew
organismsare:

Campylobacterjejuniwasawell-knownbacterium inveterinary
medicinebeforeitwasidentifiedasahumanpathogenin1973.It
isnowrecognisedasoneofthemostimportantcausesof
gastroenteritisinhumansofsimilarimportancetoSalmonella.Itis
presentinthefleshofcattle,sheep,pigsandpoultryandcanbe
introducedwhereverrawmeatishandled.
Listeriamonocytogenesisabacterium widelydistributedinnature
butisunusualinthatitgrowsatrefrigerationtemperatures(down
to0°C).Listeriosiscancauseabortionsaswellasdeathinthe
elderlyandthosewithcompromisedimmunesystems,suchas



peoplewithAIDS.Listeriahasbeenlinkedtotheconsumptionof
contaminatedpâtés,milk,softcheeseandundercookedchicken,
andisoftenfoundinpre-preparedchilledfood.
Escherichiacoli0157:H7isabacterium thatcandamagethecells
ofthecolon,leadingtobloodydiarrhoeaandabdominalcramps.
Raworundercookedhamburgermeatwasamajorvehicleof
transmissioninanumberofwellpublicisedoutbreaksintheUSA.
Salmonellatyphimurium isamulti-drugresistantstrainthathas

becomeamajorpathogenintheUK.Aswellasbeinghighly
virulentitcansurviveatlowpHandbeinfectiousinverylow
numbers.
Norwalkvirusisfoundinthefaecesofhumansandillnessis
causedbypoorpersonalhygieneamonginfectedfoodhandlers.
Symptomsincludenausea,vomiting,diarrhoea,abdominalpain
andfever.Becauseitisavirus,itdoesnotreproduceinfood,but
remainsactiveuntilthefoodiseaten.
‘Madcowdisease’(orBSE-bovinespongiform encephalopathy)is

aslowlyprogressiveandultimatelyfatalneurologicaldisorderof
adultcattlethatresultsfrom infectionbyanuniquetransmission
agentcalledaprion.Prionsseem tobemodifiedformsofnormal
cellsurfaceproteins.BSEwasfirstconfirmedinBritainin1986,
buthasnowspreadtocattleinothercountriesofEurope,Japan
andNorthAmerica.Thesameinfectiveagentisalsoresponsible
forvariantCreutzfeldtJakobDisease(vCJD),afataldiseaseof
humans,mostlyaffectingyoungadults.ByOctober2009,ithad
killed166peopleinBritainand44elsewhere,withthenumber
expectedtorisebecauseofthedisease'slongincubationperiod.

EnvironmentalContamination

Heavymetalsandminerals

Selenium isoneofthemosttoxicessentialtraceelements.The
levelofselenium infoodsusuallyreflectsthelevelsinthesoiland
inafewhigh-selenium areas,suchasNorthDakotaandpartsof
China,excessiveselenium intakehasbeenassociatedwith
gastrointestinaldisturbancesandskindiscolouration.

Mercury.Fishcancontain10-1500mg/kgoforganicmercury,and
evenhigherlevelswhenmercurywastesarereleasedintolake
waters.Seriouspoisoningsfrom mercuryinfishhaveoccurredin
Japan,themostfamousbeingthatinMinamataBay(from 1953to



1960).Anotherexampleofwidespreadmercuryintoxication
occurredinIraqin1971/72asaresultofbreadmadefrom wheat
treatedwithmercury-basedpesticides.Mostcountrieshavenow
establishedmaximum permittedlevelsonmercuryinfishinthe
rangeof0.4-1.0mg/kg.
Cadmium isatoxicelementthataccumulatesinbiological
systems.Chronicexposureatexcessivelevelscanleadto
irreversiblekidneyfailure.Plantsreadilytakeupcadmium from the
soil,andtherehasbeenaslowincreaseinthecadmium levelsin
soilsduetotheuseofphosphatefertilisersandtheaffectofair
andwaterpollution.

Table.CommonBacterialFoodPoisoningOrganisms
Organism Symptoms Time

after

food

Typicalfoodsources

Toxins

Staphylococcus

aureus

Vomiting,diarrhoea,

abdominalpain

1-6hours Custardandcream-

filledbakedgoods,

coldmeats

Clostridium

perfringens

Diarrhoeaandsevere

pain,nausea

8-24

hours

Meatproducts

incompletelycooked

orreheated

Bacilluscereus a)nausea,vomiting;

b)abdominalpain,

waterydiarrhoea

a)1-5h;

b)6-16h

Ricedishes,

vegetables,sauces,

puddings

Clostridium

botulinum

Drymouth,difficulty

swallowingand

speaking,double

vision,difficulty

breathing.Oftenfatal

2h-8

days

Homecannedfoods

(usuallymeatand

vegetables),and

inadequately

processedsmoked

meats

Infection

Vibrio

parahaemolyticus

Diarrhoea,abdominal

cramp,nausea,

4-96h Fish,crustaceans



headache,vomiting

Salmonellaspp. Diarrhoea,fever,

nausea,

vomiting

8-72h Undercookedpoultry,

reheatedfood,cream-

filledpastries

Yersinia

enterocolytica

Fever,abdominal

pain,

diarrhoea

24-36

hours

Rawandcookedpork

andbeef

Escherichiacoli Fever,cramps,

nausea,

diarrhoea

8-44

hours

Faecalcontamination

offoodorwater

Shigellassp. Diarrhoea,bloody

stoolswithmucus,

fever

1-7days Faecalcontamination

offood

Campylobacter

jejuni

Fever,abdominal

pain,

diarrhoea

1-10

days

Rawmilk,poultry,

eggs,meat

Listeria

monocytogenes

Septicabortion,

septicaemia,

meningitis,

encephalitis.Often

fatal

1-7

weeks

Milkanddairy

products,rawmeat,

poultryandeggs,

vegetablesandsalads,

seafood
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