
Chapterone

Introduction

Milkisthefluidsecretedbyfemalemammalsforthepurposeofprovidinghighlevel

nutritiontotheiroffspringinthefirstdaysorweeksoflife.Mankindhas,for

millennia,domesticatedasmallnumberofmammalianspecies,e.g.,cows,goats,

sheep and buffalo,forthepurposeofproducing theirmilkoveran artificially

lengthenedseason,andconsumingiteitherdirectlyorafterconversionintoarange

ofdairyproducts.Today,averysignificantproportionoffoodconsumedworldwide

hasitsoriginsinmammalianmilk,andahugeanddiversedairyindustryisatthe

forefrontoftheglobalfoodindustryintermsofscale,economicsignificanceand

technologicalsophistication.

Definitionofterms

 BulkTank:arefrigerated,stainlesssteelstoragetanklocatedatthedairy,designed

toholdmilkassoonasitleavesthecow.Themilkiscooledimmediatelyinthebulk

tank,usuallyto35-39oF.Themilkisthencollectedbyabulktanktruckandshipped

toaprocessingplant.

 Butter:isproducedbychurningthefatfrom milkorcream untilitsolidifies.

 Butterfat:alsoknownasmilkfat,thisisthefattyportionofmilk.

 Casein:thedominantprotein(80%)incow’smilk.Itisvitaltocheesemaking,and

hasavarietyofusesinmanufacturingaswell.

 Colostrum:thefirstmilkgivenbyadairycowfollowingbirththatisrichinfatand

proteinandhasimmunityelements.Colostrum isgiventonewborncalvesinthe

first24hoursoflife.

 Cream:milkisseparatedbylargemachinesinbulk.Cream isthehighfatmilk

productseparatedfrom milk.Thecream isprocessedandusedtoproducevarious

productswithvaryingnames,suchas“heavycream”or“whippingcream”.Cream

containsatleast18% milkfat.Somecream isdriedandpowderedandsomeis

condensedbyevaporationandcanned.

 Curd:theclumpsofproteinandothermilkcomponentsthatareformedduringthe

cheesemakingprocess.Curdsarepressedintoblocksorbarrelsforproperaging

andcuringofthecheese.

 Homogenization:aprocessappliedtomilkthatresultinfatglobulesbeingreduced

insizetoallowasmoothconsistency.

 Lactation:thesecretionofmilkfrom thecow’sudder.



 Mastitis:aninflammationofadairycow’smilkductswhilesheislactating.Mastitis

isusuallycausedbybacteriaandcanbetreatedwithantibiotics.

 Milkingmachines:machineryusedbydairyfarmerstoextractmilkfrom cows.

Electronicmilkingmachinesuseapulsatingvacuum thatstimulatestheeffectofa

sucklingcalf.Themachinesdonotcauseanyharm ordiscomforttothecowsand

theykeepthemilksafefrom externalcontamination

 Milkingparlor:aspecializedareaonthedairyfarm wherethemilkingprocessis

performed.Cowsarebroughtintotheparlortwoorthreetimesaday.Parlorscome

inmanytypesandnames,includingflatbarn,herringbone,parallel,swing,walk-

throughandrotary.

 Pasteurization:isasimple,effectivemethodtokillharmfulpathogensthroughheat

treatmentswithoutaffectingthetasteornutritionalvalueofmilk.

 Processingplant:afacilitythatpasteurizes,homogenizesandpackagesmilkthat

comesdirectlyfrom dairyfarms.

 Rawmilk:ismilkthathasnotbeenpasteurizedbeforeconsumption.

 Skim milk(fatfreemilk):theproductleftafterthecream isremovedfrom milk.

 Whey:thewaterypartofmilkthatseparatesfrom thecurdsduringthecheese

makingprocess.Thecompositionofwheyvariesconsiderably,dependingonthe

milksourceandthemanufacturingprocessinvolved.Typicallyitisrichinlactose,

minerals,vitaminsandprotein.

SIGNIFICANCEOFMILK

Milkanditshealthbenefits

Milkisacompositephysiologicalfluidthatfacilitatespostnataladaptationofbaby

throughdigestivematurationsimultaneouslybyprovidingthebioactivecomponents

and nutrients.Itsupportslymphoid tissuesdevelopmentand establishmentof

symbioticmicroflora.Theimportance,potencyandthequantityofmilkbioactive

compounds are possiblymore than old consideration.Theycomprise certain

specific organic acids,vitamin A,B12,D,riboflavin,calcium,carbohydrates,

phosphorous,selenium,magnesium,zinc,proteins,bioactive peptides and

oligosaccharides.Theymostlyemergeduringfermentationordigestiveprocesses

whileinsomecasesthesearecomponentsoffreshmilk.Thepossiblemechanisms

forcholesteroldecreasingorremovalbyprobioticbacteriaandfermenteddairy

productsincludeinhibitionofintestinalcholesterolabsorption.FAshavingmedium



chainwheyproteinsandothermineralsmayaddpositiveresultofdairyproductson

bodymass.Thedairyproteinsplayavitalroleinfoodintakeregulation,satietyand

metabolicdistractsrelatingtoobesity.Bloodpressuremaybeaffectedbylactic

acid bacteria,milk proteins,peptides and calcium.Milk fatcontains certain

componentshavingthefunctionalsignificance.Antimicrobialeffectsareexertedby

sphingolipidsandtheiractivemetaboliteseitherdirectlyorupontheirdigestion.

Wheywasstudiedasamedicineaswellasanaphrodisiacandskinbalm duringthe

MiddleAge.Wheyproteins,i.e.α-lactalbumin,lactoferrin,lactoperoxidase,serum

albuminandβ-lactoglobulinacquireimportantbiologicalandnutritionalproperties

particularlyregarding disease prevention.Immuno-stimulatory,anti-carcinogenic

and antimicrobialare otherwheyprotein activities thatpromote health.Milk

productsandtheircomponentstakepartinregulatingthebodymassthrough

satietysignals.Therefore,wheyproteinsincludephysiologicalmilkcomponentsfor

individualswithmetabolicsyndromeandobesity.Wheyproteininhighproteinmilk

products may improve insulin sensitivity and reduce fat deposition. The

bioavailabilityoftraceelementsandmineralsi.e.manganese,calcium,magnesium,

iron,selenium andzincisalsoimprovedbymilkproteinsandpeptides.

Thehealthbenefitsofmilkanddairyproductsareknowntohumanityandmaybe

attributedtothebiologicallyactivecompoundsthatareexistinginmilk.Besidethe

modification ofseveralmilk components,proboscis mayalso actdirectlyas

preventiveagents,orintherapyofsomeseverdisease.Thefunctionalroleof

fermented dairyproducts is eitherdirectlythrough interaction with consumed

microorganismsor,indirectly,asaresultofactionofmicrobialmetaboliteslike

nutrients,generated during the fermentation process.The health promoting

mechanismsofprobioticactionaremostlybasedonthepositiveeffecttheyexert

ontheimmunityresponse.

Milkfacilitatesthematurationofdigestivetubeand cellgrowthofababyin

gastrointestinaltract(GIT).Milkisacomplexcombinationofnutrientssuchas

particularbioactivesaccharides,lipidsandproteinscontentwhichassisttoregulate

thedevelopmentofGITbyrepresentingtheimportantsignals.Milkisasourceof

communicationincaseofmotherandthenewbornchildthatinfluencestheroleof

mucosalimmunityandminimizestheriskofinfection.Milkhasawidevarious

biologically active substances for instance, enzymes, immuno-globulins,

oligosaccharides,antimicrobialpeptides,hormones,cytokines,and the growth

factorsbesidesthebasicsaccharides,proteinsandlipids.Milkcomponentsare

particularpartsofimmunesystem ofnewbornandtheyassisttostimulateand



sustain the baby immune homeostasis.Neutrophiles,macrophages and T-

lymphocytesastheheterogeneouspopulationofmilkcellsplayanimportantrolein

thedefenseagainstpathogenicbacteria.

Economicimportanceofmilk

• Milkisproduceddailyandthereforecanprovidearegularcashincome.

• Thefarm gatemilkpricecanbebasedonthemilk’scompositionalquality,its

hygienicquality,andthetimeofyear.

• However,thepricepaidbysmall-scaleprocessorsindevelopingcountriesisoften

basedononlythefatcontentofthemilk.

• Inadditiontoincomefrom milksales,dairyproducers’sourcesofincomeinclude

salesofculledanimalsandyoungstock,andotherdairyfarmingreturns,suchas

salesofmanureanddirectpayments.

• Dairyproductionprovidesmanynon-marketedeconomicbenefits,includingmanure

foruseon-farm asfuelororganicfertilizer(inseveralfarmingsystemsmanureis

thesolesourceofnutrientsforcropproduction).

• Dairyanimalsareconsideredameansofsafeguardingsavingsforsaleintimesof

need (e.g.,injuryordisease ofa household member),and a form ofcapital

investment.

ChapterTwo

Chemicalandphysicalpropertiesofmilk

PhysicalPropertiesofBovineMilks

Introduction

Milkisanextremelycomplexbiologicalfluidwithscoresofnutrientchemicals

containedinafluidwithcharacteristicsofthreephysicalphases:adiluteemulsion,

acolloidaldispersion,andasolution.Theemulsioncanbebrokenbylow-speed

centrifugation and the milk separates into lipid and aqueous phases or

compartments,eachwithacharacteristiccomposition.Withultracentrifugationthe

casein micelles precipitate,bringing some otherproteins,such as lysozyme

lactoferrinfrom milksofanimalspecies,withthem.Thesupernatantremaining



afterthisprocesshasthecharacteristicsofatruesolution.

Thephysicalpropertiesofbovinemilkhavebeenthoroughlyevaluatedbecauseof

theimportanceofmanyoftheseparametersinprocessingandpurityassessment.

Valuesforfewoftheseparametersareavailableforhumanandotheranimalmilks

asthesearegenerallyfeddirectlytotheinfant.Evenforbovinemilk,muchofthe

information isavailablein technicalpublicationsand degreeofvariabilityand

effectsofphysiologicalstateareoftennotavailable.Thephysicalpropertiesare

describedbelow

I. ElectricalConductivity

Thisisdefinedasameasureoftheelectricalresistanceofthesolutioninreciprocal

ohms(mhos).Itisusedtoassessthetotalioniccontentofmilk.Thegreatest

contributorstoconductivityarethesodium,potassium,andchlorideions.

II. FreezingPoint

Thefreezing pointofmilkislowerthan thatofpurewaterdueto dissolved

components.Thispropertyismeasuredtodeterminewhetherbovinemilkhasbeen

dilutedwithwaterandisemployedasalegalstandard.Aswithosmolality,the

freezingpointisstable.Themajorcontributorstothefreezingpointarelactoseand

chloride.Sincethefreezingpointandosmolalityareproportionalanddependent

uponthenumberofdissolvedparticles,theycanbedeterminedwiththesame

instrument.

III. BoilingPoint

Theboilingpointinmilkishigherthanthatofpurewateragainduetodissolved

components.Itisanotherofthecolligativeproperties.

IV. OsmolalityorOsmoticPressure

Osmolalityisameasureofthetotalnumberofdissolvedparticlesinagivenvolume

ofsolution given in osmoYkg.Osmolalityis one ofthe colligative properties

(dependentonthenumberofdissolvedparticles,nottheirproperties)ofmilkalong

withfreezingandboilingpoints.Itismeasuredintheinstrumentusedtodetermine

thefreezingpoint.Theosmoticpressureofmilkisquiteconstantbeingequaltothe

osmoticpressureofblood.Aresultisthatthevariationinthedissolvedsubstances

innormalmilk,primarilylactose,issmall.Thetotalconcentrationofdissolved

materialsisresponsibleforosmolality.Osmolalityisproportionaltothefreezing

pointofmilk.Aspreviouslymentioned,osmolalityremainsconstantinhumanand

bovinemilksbecauseoftherelationshipbetweenmilkandblood.Thepotential

renalsoluteloadiscalculatedfrom thecontentsofsodium,chloride,potassium,

andprotein.Proteinisincludedbecauseitprovidessolutesfrom metabolism.



Potentialrenalsoluteloads(mosmoYliter)are:humanmilk,93;milk-basedformula,

135;soy-proteinbasedformula,165;wholebovinemilk,308;andskim milk,326.In

additiontobeinglowiniron,thepotentialrenalsoluteloadofthebovinemilksistoo

highforthem tobeusedasthesolefoodforyounginfants.

V. pH

ThepHofmilkasgenerallymeasuredoutsidetheanimalishigherthanmilkwithin

themammaryglandduetolossofC02totheambientair. Whileimportantfor

humanmilk,immediatedeterminationofpHinbovinemilkisneverdoneexceptfor

researchpurposes.Theprocessingwhichisdonetobovinemilkremovesdissolved

gases.AssaysofpH andoftitrableacidityareusedtoassurethatlacticacidis

beingproducedatthedesiredratebyaddedmicroorganismsduringthepreparation

ofcheesesandfermentedmilks,e.g.,yogurt.Thecaseininmilkformsintoagelor

curdatpH4.6.

VI. SpecificGravity

Specificgravityistheratioofthemassofasolutionorsubstancetothemassofa

similarvolumeofwater.Thispropertyisusedtoassessnonfatsolidsinmilkand

theadditionofwatertomilk,whichlowersspecificgravity.Thedairyindustry

employsaspecialhydrometer,thelactometer,todeterminespecificgravityand

totalsolids.Correctionsarerequiredformilktemperatureswhichdifferfrom 20°C.

VII. SurfaceTension

Thisisdefinedastheworkrequiredtoincreasethesurfaceareaofasolutionandis

usuallyexpressedasdyneslcm2.Thispropertyisusedtofollow thechangesin

surface-activecomponentsduringmilkprocessing,tofollowreleaseoffattyacids

duringlipolysis,andasameasureofthefoamingtendencyofmilk.Fattyacidsand

theirsaltsandmonoacylglycerolformedasaresultoflipolysisaresurfaceactive

andreducesurfacetension.However,themethodisnotappliedroutinelyforthe

assessmentoflipolysisbecausetheshort-chainacidsresponsiblefortheflavor

designatedashydrolyticrancidityarewatersolubleanddonotaffectsurface

tension.

Theinterfacialtensionbetweenthefat-solublesurfaceandtheaqueousmedium,of

considerablepotentialimportancein emulsion stabilityand accessbylipolytic

enzymes,cannotbedetermineddirectly.

VIII. TitratableAcidity

TheamountofalkalirequiredtobringthepH toneutrality(phenolphthalein)is



titratable acidity.This property is used to determine bacterialgrowth during

fermentations,such as during cheese making,as wellas compliance with

cleanlinessstandards.Thereisnolacticacidinfreshbovinemilk.Thetitratable

acidityisduemostlytothecaseinandphosphates.Lacticacidcanbeproducedby

bacterialcontamination,althoughthisisuncommon.

IX. SpecificHeat

Specificheatistheratiobetweentheamountofheatnecessarytoraiseagiven

weightofasubstancetoaspecifiedhighertemperatureandtheamountofheat

necessarytoraiseanequalweightofwatertothesametemperature.Itisimportant

inprocessingfordeterminingtheamountofheatorrefrigerationnecessaryto

changethetemperatureofmilk.

X. CoefficientofExpansion

This coefficientis the ratio ofthe increase in volume perunitincrease in

temperaturetotheincreaseinvolumeofwaterwiththesametemperatureincrease.

Itisusedinthedesignofdairyequipment.

XI. Viscosity

Thisreferstotheresistancetoflowincentipoiseunits.Itisusedinthedesignof

dairyprocessingequipmentandtoassesscaseinmicellaraggregation.

TABLEI

Property Goatmilk Bovinemilk

Electricalconductivity 0.00465



PhysicalPropertiesofGoat,andBovineMilk

Allvaluesfrom Macyetal.(1971),From theNationalDairyCouncil(1993),From

Sherbon(1988),From Neubaueretal.(1993),From Allenetal.(1991).

Milkconstituents(composition)

(0.0042-0.0048)

Freezingpoint(oc) -0.582 -0.552

-(0.512-0.550)

Boilingpoint(oc) 100.17

Osmolality(mosmol/µg) 275

pH 6.37

(6.33-6.52)

6.62

(6.22-6.77)

(0.2065-0.2075)

Specificgravity 1.033

(1.031-1.037)

1.030

(1.021-1.037)

Surfacetension(dyneslcm2) 52 52.8

(51.1-55)

Titratable acidity

(percentage)

0.16+0.02

Specificheat(oc)

0

15

40

0.920

0.938

0.930

Coefficientofexpansion(oc)

10

15.6

21.1

0.9975

0.9985

1.000

Viscosity(centipoise) 1.6314



Milkcontainsmorewaterthananyotherelement,around87%fordairycows.The

otherelementsaredissolved,colloidallydispersed,andemulsifiedinwater.The

quantitiesofthemainmilkconstituentscanvaryconsiderablydependingonthe

individualanimal,its breed,stage oflactation,age and health status.Herd

management practices and environmental conditions also influence milk

composition.Theaveragecompositionofcow’smilkisshowninTableII.

TableII:Averagecompositionofcowmilk.

Milkfat

Ifmilkislefttostand,alayerofcream formsonthesurface.Thecream differs

considerablyinappearancefrom thelowerlayerofskim milk.Underthemicroscope

cream canbeseentoconsistofalargenumberofspheresofvaryingsizesfloating

inthemilk.Eachsphereissurroundedbyathinskinthefatglobulemembrane,

whichactsastheemulsifyingagentforthefatsuspendedinmilk(Figure1).The

membraneprotectsthefatfrom enzymesandpreventstheglobulescoalescinginto

buttergrains.Thefatispresentasanoil-in-wateremulsion:thisemulsioncanbe

brokenbymechanicalactionsuchasshaking.



Figure1:fatglobulesinmilk

Fatsarepartlysolidatroom temperature.Theterm oilisreservedforfatsthatare

completelyliquid atroom temperature.Fatsand oilsaresolublein non-polar

solvents,e.g.ether.About98%ofmilkfatisamixtureoftriacylglycerides.There

arealsoneutrallipids,fatsolublevitaminsandpigments(e.g.carotene,whichgives

butteritsyellowcolor),sterolsandwaxes.Fatssupplythebodywithaconcentrated

sourceofenergy:oxidationoffatinthebodyyields9calories/g.Milkfatactsasa

solventforthefat-solublevitaminsA,D,EandKandalsosuppliesessentialfatty

acids (linoleic,linolenic and arachidonic).A fatty-acid molecule comprises a

hydrocarbonchainandacarboxylgroup(-COOH).Insaturatedfattyacidsthe

carbonatomsarelinkedinachainbysinglebonds.Inunsaturatedfattyacidsthere

isonedoublebondandinpoly-unsaturatedfattyacidsthereismorethanone

doublebond.Examplesofeachtypeoffattyacid.

Fattyacidsvaryinchainlengthfrom 4carbonatoms,asinbutyricacid(foundonly

inbutterfat),to20carbonatoms,asinarachidonicacid.Nearlyallthefattyacidsin

milkcontainanevennumberofcarbonatoms.

Fattyacidscanalsovaryindegreeofunsaturation,e.g.C18:0stearic(saturated),

C18:1oleic(onedoublebond),C18:2linoleic(twodoublebonds),C18:3linolenic

(threedoublebonds).Themostimportantfattyacidsfoundinmilktriglyceridesare

showninTable2.Fattyacidsareesterifiedwithglycerolasfollows:



TableIII:Principalfattyacidsfoundinmilktriglycerides

Themeltingpointandhardnessofthefattyacidisaffectedbylengthofthecarbon

chain,and degree ofunsaturation.As chain length increases,melting point

increases.Asthedegreeofunsaturationincreases,themeltingpointdecreases.

Fatscomposedofshort-chain,unsaturatedfattyacidshavelowmeltingpointsand

areliquidatroom temperature,i.e.oils.Fatshighinlong-chainsaturatedfattyacids

havehighmeltingpointsandaresolidatroom temperature.Butterfatisamixture

offattyacidswithdifferentmeltingpoints,andthereforedoesnothaveadistinct

meltingpoint.Sincebutterfatmeltsgraduallyoverthetemperaturerangeof0-40°C,

someofthefatisliquidandsomesolidattemperaturesbetween16and25°C.The

ratioofsolidtoliquidfatatthetimeofchurninginfluencestherateofchurningand

theyieldandqualityofbutter.

Fatsreadilyabsorbflavors.Forexample,buttermadeinasmokedgourdhasa



Smokeyflavor.

Fatsinfoodsaresubjecttotwotypesofdeteriorationthataffecttheflavoroffood

products.

1.Hydrolyticrancidity:Inhydrolyticrancidity,fattyacidsarebrokenofffrom the

glycerolmoleculebylipaseenzymesproducedbymilkbacteria.Theresultingfree

fattyacidsarevolatileandcontributesignificantlytotheflavoroftheproduct.

2.Oxidativerancidity:Oxidativerancidityoccurswhenfattyacidsareoxidized.In

milkproductsitcausestallowyflavors’.Oxidativerancidityofdrybutterfatcauses

offflavors’inrecombinedmilk.

Milkproteins

Proteinsareanextremelyimportantclassofnaturallyoccurringcompoundsthat

areessentialtoalllifeprocesses.Theyperform avarietyoffunctionsinliving

organismsrangingfrom providingstructuretoreproduction.Milkproteinsrepresent

oneofthegreatestcontributionsofmilktohumannutrition.Proteinsarepolymers

ofaminoacids.Only20differentaminoacidsoccur,regularlyinproteins.Theyhave

thegeneralstructure:

Rrepresentstheorganicradical.Eachaminoacidhasadifferentradicalandthis

affectsthepropertiesoftheacid.Thecontentandsequenceofaminoacidsina

proteinthereforeaffectitsproperties.Someproteinscontainsubstancesotherthan

aminoacids,e.g.lipoproteinscontainfatandprotein.Suchproteinsarecalled

conjugatedproteins:

 Phosphoproteins:Phosphate is linked chemicallyto these proteins.Examples

includecaseininmilkandPhosphoproteinsineggyolk.

 Lipoproteins:Thesecombinationsoflipidandproteinareexcellentemulsifying

agents.

:Lipoproteinsarefoundinmilkandeggyolk.

 Chromoproteins:Theseareproteinswithacoloredprostheticgroupandinclude

hemoglobinandmyoglobin.

Casein

Casein was firstseparated from milk in 1830,byadding acid to milk,thus

establishingitsexistenceasadistinctprotein.In1895thewheyproteinswere



separatedintoglobulinandalbuminfractions.Itwassubsequentlyshownthat

caseinismadeupofanumberoffractionsandisthereforeheterogeneous.The

wheyproteinsarealsomadeupofanumberofdistinctproteinsasshowninthe

schemeinfigure2.

Thecaseinisagroupnameforthedominantclassofproteininmilk.Normalbovine

milkcontainsabout3.5%protein,okwhichcaseinconstitutesabout80%.Caseinis

easilyseparatedfrom milk,eitherbyacidprecipitationorbyaddingrennin.In

cheesemakingmostofthecaseinisrecoveredwiththemilkfat.Caseincanalsobe

recoveredfrom skim milkasaseparateproduct.Caseinisdispersedinmilkinthe

form ofmicelles.The micellesare stabilized bythe (kappa casein)Κ-casein.

CaseinsarehydrophobicbutΚ-caseincontainsahydrophilicportionknownasthe

glycol-macro-peptideanditisthisthatstabilizesthemicelles.Thestructureofthe

micellesisnotfullyunderstood.

WhenthepHofmilkischanged,theacidicorbasicgroupsoftheproteinswillbe

neutralized.AtthepHatwhichthepositivechargeonaproteinequalsexactlythe

negativecharge,thenettotalchargeoftheproteiniszero.ThispH iscalledthe

isoelectricpointoftheprotein(pH4.6forcasein).Ifanacidisaddedtomilk,orif

acid-producingbacteriaareallowedtogrowinmilk,thepHfalls.AsthepHfallsthe

chargeoncaseinfallsanditprecipitates.Hencemilkcurdlesasitsours,orthe

caseinprecipitatesmorecompletelyatlowpH.

Wheyproteins

Afterthefatandcaseinhavebeenremovedfrom milk,oneisleftwithwhey,which

containsthesolublemilksalts,milksugarandtheremainderofthemilkproteins.

Like the proteins in eggs,whey proteins can be coagulated by heat.When

coagulated,theycanberecoveredwithcaseinsinthemanufactureofacid-type

cheeses.Thewheyproteinsaremadeupofanumberofdistinctproteins,themost

importantofwhichareβ-lactoglobulinandα-lactalbumin.

β-lacto-globulinaccountsforabout50% ofthewheyproteins,andhasahigh

contentofessentialaminoacids.ItformsacomplexwithΚ-caseinwhenmilkis

heatedtomorethan75°C,andthiscomplexaffectsthefunctionalpropertiesofmilk.

Denaturationofβ-lactoglobulincausesthecookedflavorofheatedmilk.

Othermilkproteins

Inadditionto themajorproteinfractionsoutlined,milkcontainsanumberof

enzymes.Themainenzymespresentarelipases,whichcauserancidity,particularly

inhomogenizedmilk,andphosphataseenzymes,whichcatalyzethehydrolysisof

organic phosphates.Measuring the inactivation ofalkaline phosphatase is a



methodoftestingtheeffectivenessofpasteurizationofmilk.Peroxidaseenzymes,

whichcatalyzethebreakdownofhydrogenperoxidetowaterandoxygen,arealso

present.Lacto-peroxidase can be activated and use ismade ofthisformilk

preservation.Milkalsocontainsproteaseenzymes,whichcatalyzethehydrolysisof

proteins,and lactalbumin,bovine serum albumin,the immune globulins and

lactoferrin,whichprotecttheyoungcalfagainstinfection.

Figure2:Milkproteinfractions.

Milkcarbohydrates

Lactoseisthemajorcarbohydratefractioninmilk.Itismadeupoftwosugars,

glucoseand galactose(Figure3).Theaveragelactosecontentofmilkvaries

between4.7and4.9%,thoughmilkfrom individualcowsmayvarymore.Mastitis

reduceslactosesecretion.

Figure 3: structure of

lactose

molecule



Lactoseisasourceofenergyfortheyoungcalf,andprovides4calories/gof

lactosemetabolized.Itislesssolubleinwaterthansucroseandisalsolesssweet.

Itcanbebrokendowntoglucoseandgalactosebybacteriathathavetheenzymeβ-

galactosidase.Theglucoseandgalactosecanthenbefermentedtolacticacid.This

occurs when milk goes sour.Undercontrolled conditions they can also be

fermented to otheracids to give a desired flavor,such as propionic acid

fermentationinSwiss-cheesemanufacture.

Lactoseispresentinmilkinmolecularsolution.Incheesemakinglactoseremains

inthewheyfraction.Ithasbeenrecoveredfrom wheyforuseinthepharmaceutical

industry,whereitslowsolubilityinwatermakesitsuitableforcoatingtablets.Itis

usedtofortifybaby-foodformula.Lactosecanbesprayedonsilagetoincreasethe

rateofaciddevelopmentinsilagefermentation.Itcanbeconvertedintoethanol

usingcertainstrainsofyeast,andtheyeastbiomassrecoveredandusedasanimal

feed.However,theseprocessesareexpensiveandalargethroughputisnecessary

forthem tobeprofitable.Forsmallholders,wheyisbestusedasafoodwithoutany

furtherprocessing.

Heatingmilktoabove100℃causeslactosetocombineirreversiblywiththemilk

proteins.Thisreducesthenutritionalvalueofthemilkandalsoturnsitbrown.

Becauselactoseisnotassolubleinwaterassucrose,addingsucrosetomilk

forceslactoseoutofsolutionanditcrystallizes.Thiscausessandinessinsuch

productsasicecream.Specialprocessingisrequiredtocrystallizelactosewhen

manufacturing productssuchasinstantskim milkpowders.Somepeopleare

unabletometabolizelactoseandsufferfrom anallergyasaresult.Pre-treatmentof

milk with lactase enzyme breaks down the lactose and helps overcome this

difficulty.Inadditiontolactose,milkcontainstracesofglucoseandgalactose.

Carbohydrates are also presentin association with protein.Κ-casein,which

stabilizesthecaseinsystem,isacarbohydrate-containingprotein.

Minormilkconstituents

Inadditiontothemajorconstituentsdiscussedabove,milkalsocontainsanumber

oforganicandinorganiccompoundsinsmallortraceamounts,someofwhich

affectboththeprocessingandnutritionalpropertiesofmilk.

Milksalts

Milksaltsaremainlychlorides,phosphatesandcitratesofsodium,calcium and

magnesium.Althoughsaltscompriselessthan1% ofthemilktheyinfluenceits

rateofcoagulationandotherfunctionalproperties.Somesaltsarepresentintrue



solution.The physicalstate ofothersalts is notfully understood.Calcium,

magnesium,phosphorousand citrate are distributed between the soluble and

colloidalphases(TableIV).Theirequilibriaarealteredbyheating,coolingandbya

changeinpH.

TableIV:Distributionofmilksaltsbetweenthesolubleandcolloidalphases.

Inadditiontothemajorsalts,milkalsocontainstraceelements.Someelements

cometothemilkfrom feeds,butmilkingutensilsandequipmentareimportant

sourcesofsuchelementsascopper,iron,nickelandzinc.

Milkvitamins

Milkcontainsthefat-solublevitaminsA,D,EandK inassociationwiththefat

fractionandwater-solublevitaminsBcomplexandCinassociationwiththewater

phase.Vitaminsareunstableandprocessingcanthereforereducetheeffective

vitamincontentofmilk.

Factoraffectingthecompositionofmilk

Therearemanyfactorsthatcanaffectmilkcompositiongenerallygeneticand

environmentalfactors.

 Geneticfactors(speciesvariation,breedvariationsandindividualvariations:cowto

cowvariations,herdtoherdvariation)

Breedandindividualityofthecow

Bothmilkyieldandcompositionvaryconsiderablyamongbreedsofdairycattle.

Jersey and Guernsey breeds give milk with about5% fatwhile the milk of

Shorthorns and Friesians contains about3.5% fat.Zebu cows can give milk

containingupto7%fat.Milkofindividualcowswithinabreedvariesoverawide

rangebothinyieldandinthecontentofthevariousconstituents.Thepotentialfat

contentofmilkfrom anindividualcowisdeterminedgenetically,asareproteinand

lactoselevels.Thusselectionforbreedingonthebasisofindividualperformanceis

effectiveinimprovingmilkcompositionalquality.Herdrecordingoftotalmilkyields

andfatandsolids-not-fat(SNF)percentageswillindicatethemostproductivecows,



andreplacementstockshouldbebredfrom these.

Speciesvariation

Milkfrom differentmammals(human,farm animalsandwatermammals)vary

considerably.

 Environmentalfactors(managementandfeedconsiderations,climate:seasonal

variationsandgeographicvariations,methodofmilking)

Feedingregime/levelofnutrition

UnderfeedingreducesboththefatandtheSNFcontentofmilk,althoughSNF

contentisthemoresensitivetofeedinglevel.Fatcontentandfatcompositionare

influencedmorebyroughage(fiber)intakewhile,milkyieldorvolumeofmilkare

influencedmorebyconcentrate.TheSNFcontentmayfallifthecowisfedalow-

energydiet,butisnotgreatlyinfluencedbyproteindeficiency,unlessthedeficiency

isacute.

Intervalbetweenmilking

Thefatcontentofmilkvariesconsiderablybetweenthemorningandevening

milkingbecausethereisusuallyamuchshorterintervalbetweenmorningand

eveningmilkingthanbetweeneveningandmorningmilking.Ifcowsweremilkedat

12-hourintervalsthevariationinfatcontentbetweenmilkingwouldbenegligible,

butthisisnotpracticableonmostfarms.Normally,SNFcontentdoesnotvarywith

thelengthoftimebetweenmilking.

 PhysiologicalFactors(stageoflactation,ageofanimal,estruscycle)

Stageoflactation

Thefat,lactoseandproteincontentsofmilkvaryaccordingtostageoflactation.

Solidsnot-fatcontentisusuallyhighestduringthefirsttwotothreeweeks,after

whichitdecreasesslightly.Fatcontentishighimmediatelyaftercalvingbutsoon

beginstofall,andcontinuestodosofor10to12weeks,afterwhichittendstorise

againuntiltheendofthelactation.Thehighproteincontentofearlylactationmilkis

due mainly to the high globulin content.The variation in milk constituents

throughoutlactationisshownin

Figure4:Changesintheconcentrationsoffat,proteinandlactoseover

alactationofacow.



Age

As cows grow olderthe fatcontentoftheirmilk decreases by about0.02

percentageunitsperlactationwhileSNFiscontentfallmuchgreaterabout0.04

percentageunits.BothfatandSNFcontentscanbereduced.

Estruscycle

Duringestrus/heatperiodthemilkyielddecreaseandestrogenhormoneincrease.

Completenessofmilking

Thefirstmilkdrawnfrom theuddercontainsabout1.4%fatwhilethelastmilk(or

stripping)containsabout8.7%fat.Thus,itisessentialtomilkthecowcompletely

andthoroughlymixallthemilkremovedbeforetakingasampleforanalysis.Thefat

leftintheudderattheendofamilkingisusuallypickedupduringsubsequent

milking,sothereisnonetlossoffat.

 Pathologicalfactors(diseaseandparasite:illnessofthecows)

Disease

Ifthecowisinfectedbymastitisthedensityofthecowishighlyincreasebecause

thenumberofmineralssaltcontentincreaseacidityofthemilkdecrease-pHofthe

milkincrease than the milkbecomesverybasic.Generallyboth fatand SNF

contentscanbereducedbydisease,particularlymastitis.

CHAPTERTHREE:MILKMICROBIOLOGY



Micro-organism istheterm appliedtoallmicroscopicallysmalllivingorganisms.

Wetendtoassociatemicro-organismswithdisease. Micro-organismswhich

cause disease are called pathogens.However,few micro-organisms are

pathogensandmicro-organismsplayacrucialpartinthelifeofourplanet.For

example,theyprovidefoodforfish,theyoccurinsoilwheretheyprovidenutrients

forplantsandtheyplayanimportantroleinruminantdigestion.

In dairying some micro-organisms are harmfule.g. spoilage organisms,

pathogenswhileothersarebeneficialcheese and yoghurtstarters,yeastsand

mouldsusedincontrolledfermentationsinmilkprocessing.

Themicro-organismsprincipallyencounteredinthedairyindustryarebacteria,

yeasts,moulds,andviruses.

Bacteria

Bacteriaaresingle-celledorganisms.Theyarepresentinair,waterandonmost

solidmaterials.Bacterialcellsareverysmallandcanonlybeseenwiththeaid

ofamicroscope.Whenobservedunderamicroscopethecellscanbeseen

to differin shape and inconformation ofgroups ofcells.Cellsareeither

sphericalorrod-shaped(Figure1).Sphericalbacteriaarecalledcocci;thosethat

are rod shaped are called bacilli.Thisisthe firstbasisfordifferentiating

betweenbacterialcells.



Figure 1.Rod-shaped (bacilli)and spherical(cocci)

bacteria.

Bacteriaarealsoclassifiedaccordingtocellcluster

formation:

 Diplococci-twococcicellspaired
 Staphylococci: a number of cells

clustered together
 Streptococci - a number of cells

arrangedinachain

Somebacteriaarecapableoflocomotionbymeansofflagellalong,hair-like

appendagesgrowingoutofthecell.Somerod-shapedbacteriacontainspores.

Theseareformedwhenthecellsarefaced with adverseconditions,such as

high temperature: once suitable conditions are reestablished the spores

germinatetoform newcells.

Closeexaminationofthesimplecellrevealsthatitiscomposedofthe

followingcomponents(Figure2):

 Cellwall-thisgivesthecellitsshapeandretainstheconstituents;

 Cell membrane-used for filtering in food constituents and

dischargingwasteproducts;

 Nucleus-wherethegeneticmaterialofthecellisstored;

 Cytoplasm-asemiliquidproteinaceoussubstancewhichcontains

starch,fatandenzymes.



Figure 2.Schematic illustration of bacterial

structure.

 cellmembrane issemipermeable and allows the celltofeed by

osmosis,i.e.theexchange ofwaterbetween the cytoplasm ofa living

cellandthesurroundingwaterymaterial.Onlysmallmoleculescanpass

inandoutofthecell,e.g.withasugarsolutionononesideofasemi

permeablemembraneandwaterontheother,waterwilldiffusein,diluting

thesugarsolution.Thesugarmoleculescannotpassoutsoahydrostatic

pressure,knownasosmoticpressure,develops.

Bacteriacanfeedbyselectiveintakeofnutrientsdissolvedinwater.Theycan

alsotakeinnutrientsagainstthenormalosmoticflow-activetransport.

Bacterialgrowth

Bacterialgrowthreferstoanincreaseincellnumbersratherthananincreasein

cellsize.The process by which bacterial cells divide to reproduce

themselves is known asbinarytransversefission.Thetimetakenfrom cell

formationtocelldivisioniscalledthegenerationtime.Thegenerationtimecan

thereforebedefinedasthetimetakenforthecellcounttodouble.



ThecurveshowninFigure3showsthephasesofbacterialgrowthfollowing

inoculationofbacteriaintoanewgrowthmedium.Thefollowingphasescanbe

identified:



1.Lagphase:Thereisusuallysomedelayingrowthfollowinginoculationof

bacteriainto anew medium,during which timethebacteriaadaptto

the medium andsynthesize the enzymes needed to break down the

substancesinthegrowthmedium.

2.Log phase:Oncethebacteriahaveadapted to thenew medium they

start toreproducequicklyandtheirnumbersmultiplyevenlyforeach

incrementoftime.Aplotofthe lognumberofcells againsttime gives

a linearrelationship:this isthereforecalledthelogphase.Thecellsare

attheirgreatestactivityinthisphase.Transferringculturestoafresh

medium atregularintervalscanmaintainthecellsinanactivestate.An

activeculturecanrapidlydominateanynewenvironment.

3. Stationaryphase:Asthebacteriadominatethegrowth medium,they

depletetheavailablenutrientsortoxicwasteproductsaccumulate,slowing

therateofreproduction.Atthesametime,cellsaredyingoff:A state

ofequilibrium isreachedbetweenthedeathofoldcellsandformationof

newcells,resultinginnonetchangeincellnumbers.Thisphaseiscalled

thestationaryphase.

4.Deathphase:Inthenextphasetheformationofnewcellsceasesandthe

existingcellsgraduallydieoff:Thisiscalledthedeathphase.

5.Thelogphasecanbeprolongedbyremovingtoxicwaste,byaddingmore

nutrientsorboth.

Thelogphasecanbeprolongedbyremovingtoxicwaste,byaddingmore

nutrientsorboth.



Figure3.Thefourphasesofbacterialgrowth.



Factors affecting bacterial

growth

Bacterialgrowthisaffectedbytemperature,nutrientavailability,watersupply,

oxygensupply,andacidityofthemedium.

1.Temperature:Theoretically,bacteriacangrowatalltemperaturesbetweenthe

freezingpointofwaterandthetemperatureatwhichproteinorprotoplasm

coagulates.Somewherebetweenthesemaximum andminimum pointsliesthe

optimum temperatureatwhichthebacteriagrowbest.

Temperaturesbelow theminimum stop bacterialgrowth butdo notkillthe

organism.However,ifthetemperatureisraisedabovethemaximum,bacteriaare

soonkilled.Mostcellsdieafterexposuretoheattreatmentsintheorderof70°C

for15seconds,althoughsporeformingorganismsrequiremoresevereheat

treatment,e.g.livesteam at120°Cfor30minutes.

Bacteriacanbeclassifiedaccordingto temperaturepreference:Psycrophilic

bacteriagrow attemperaturesbelow 16°C,mesophilicbacteriagrow bestat

temperaturesbetween 16 and 40°C,and thermophilicbacteriagrow bestat

temperaturesabove40°C.

2.Nutrients:Bacteria need nutrientsfortheirgrowth and someneed more

nutrientsthan others.Lactobacillilive in milkand have losttheirabilityto

synthesismanycompounds,whilePseudomonascansynthesisnutrientsfrom

verybasicingredients.

Bacterianormallyfeedonorganicmatter;aswellasmaterialforcellformation

organicmatteralsocontainsthenecessaryenergy.Suchmattermustbesoluble

in waterand oflow molecularweightto be able to pass through the cell

membrane.Bacteriathereforeneedwatertotransportnutrientsintothecell.

Ifthenutrientmaterialisnotsufficientlybrokendown,themicro-organism can



produceexo-enzymeswhichsplitthenutrientsintosmaller,simplercomponents

sotheycanenterthecell.Insidethecellthenutrientsarebrokendownfurtherby

otherenzymes,releasingenergywhichisusedbythecell.

3.Water:Bacteriacannotgrowwithoutwater.Manybacteriaarequicklykilledby

dryconditions whereas others can tolerate dryconditions for months;

bacterialspores cansurvive dry conditionsforyears.Wateractivity(AW)is

usedasanindicatoroftheavailabilityofwaterforbacterialgrowth.Distilled

waterhasanAW of1.Additionofsolute,e.g.salt,reducestheavailabilityof

watertothecellandtheAW drops;atAW lessthan0.8cellgrowthisreduced.

CellsthatcangrowatlowAW arecalledosmophiles.

4.Oxygen:Animals require oxygen to survive butbacteria differin their

requirementsfor,andintheirabilitytoutilize,oxygen.

Bacteriathatneedoxygenforgrowtharecalledaerobic.Oxygenistoxictosome

bacteriaandthesearecalledanaerobic.Anaerobicorganismsareresponsiblefor

bothbeneficialreactions,suchasmethaneproductioninbiogasplants,and

spoilageincannedfoodsandcheeses.

Some bacteria can live eitherwith orwithoutoxygen and are known as

facultativeanaerobicbacteria.

5.Acidity:TheacidityofanutrientsubstrateismostsimplyexpressedasitspH

value.SensitivitytopHvariesfrom onespeciesofbacteriatoanother.Theterms

pH optimum and pH maximum are used.Mostbacteria prefera growth

environmentwithapHofabout

7, i.e.

neutrality.

BacteriathatcantoleratelowpHarecalledaciduric.Lacticacidbacteriainmilk

produceacidandcontinuetodosountilthepHofthemilkfallstobelow4.6,at

whichpointtheygraduallydieoff.Incanningcitrusfruits,mildheattreatments

aresufficientbecausethelowpHofthefruitinhibitsthegrowthofmostbacteria.



Bacteriainmilk

Milkfreshfrom ahealthycow containsfew bacteria,butcontaminationduring

handlingcanrapidlyincreasebacterialnumbers.Milkisanidealfoodandmany

bacteriagrowreadilyinit.

Somebacteriaareusefulinmilkprocessing,causingmilktosournaturally,and

leadingtoproducts such asirgo.However,milk can also carry pathogenic

bacteria, suchasSalmonella,TuberculosisbovisandBrucella,andcanthus

transmitdisease.Otherbacteriacancausespoilageofthemilk,andspoilage

andpooryieldsofproducts.

Moulds

Moulds areaheterogeneous groupofmulti-celled organisms whichreproduce

asexuallyeitherbyspore formation orbyfragmentation.Theycangrowona

widevarietyofsubstratesandaregenerallyregardedasspoilageorganisms.

However,mouldsareusedintheproductionofantibioticsandincertaincheese

varieties.Moulds are aerobic organisms and theirgrowth on foods can be

retarded byexcluding airthrough carefulpackaging.Theycan be killed by

relativelymildheattreatments,butmouldsporesaremoreresistanttoheat.The

structureofmouldsisshowninFigure4.

Figure 4. Structure of

moulds.

Yeasts

Yeastsareunicellularorganismswhichreproduceasexuallybybudding.They

areusedindustriallytofermentcarbohydratestosuchproductsasalcoholand



citricacid.Yeastsarenotusuallyusedinmilkprocessingandarenormally

regardedasspoilageorganismsindairyproducts.Thestructureofyeastsis

showninFigure5.

Figure5.Structureofayeast

cell.

Viruses

Virusesareextremelysmallorganismscomprisingasphericalheadcontaining

thegeneticmaterialandacylindricaltail.Theycannotreproducethemselves,and

mustinvadeothercellsinordertoreproduce.Virusesthatattackbacterialcells

areknownasbacteriophages:bacteriophagesthatattackacid-producingbacteria

inhibitacidproductioninmilk.

3.1Beneficialbacteria

Lactococcus.This genus contains a group oforganisms formerly known as

mesophiliclacticstreptococci—S.lactis,S.cremoris,andS.diacetylactis.These

organisms are classified in Lancefield group N and have complex growth

requirements.Severalstrainsarecapableofproducingnisinandbacteriocinswhich

caninhibitfoodbornepathogens.Thelactococcicanproducelacticacidandother

compoundsresponsibleforthecharacteristicflavorandaromaoffermentedmilk



productssuchascheeses,culturedbuttermilk,andsourcream.SomestrainsofL.

lactissubsp.lactisarealsoknowntocausemaltyoff-flavorinmilkanddairy

products.L.lactisvar.diacetylactiscanmetabolizecitricacidtoproduceCO2and

diacetyl;thelatterisresponsibleforthecharacteristic"nutty,"or"buttery"aromaof

culturedbutter,buttermilk,andsourcream.SomestrainscanalsoproduceH2O2

andaceticacidandinhibitpseudomonads,coliforms,andothercontaminating

organisms,includingsalmonella.Thetypesoforganismspresentinraw milkare

influencedbytemperaturesandtimeofstorageaswellasmethodsofhandling

duringandaftermilking.

Lactobacillus.Theseorganismsarefacultativeormicroaerophilic,Gram-positive,

nonmotilerodsofvaryingmorphologyrangingfrom coryneform coccobacillaryor

shortrodstolongandslenderrods(0.5to1.6/zm X1.5to11.0/mi),capableof

homo-orheterofermentative metabolism.L.delbrueckiisubsp.lactis and L.

delbrueckiisubsp.bulgaricus,previouslyknownasL.lactisandL.bulgaricus,andL.

helveticusarethermophilicstarterculturesusedintheproductionofyogurtsand

SwissandItaliancheeses.Bothoftheseorganismsrequirevitaminsandamino

acidsasgrowthfactors.Theoptimum growthtemperaturefortheseorganismsis

⁓40℃.Amongotherlactobacilliimportantasstarterculturesinthedairyindustry

areL.acidophilus,L.casei,andL.brevis.

3.2Spoilageorganisms

Gram-negativepsychrotrophicbacteria

Thegrowthofpsychrotrophicbacteriaisofmajorconcernwhenrawmilkiskeptat

lowtemperature,whichisthenormalpracticeinthemoderndairyindustry.During

growthofthesebacteria,heat-stableenzymessuchasproteasesandlipasesare

formedandconsequentlycauseproteinandlipidbreakdownandrelateddefects.

Therefore,the metabolic processes of psychrotrophs are considered more

importantthanthetotalnumbersoforganisms.

Pseudomonasspp.



SpeciesofthePseudomonasgenusarethemostimportantbecauseoftheirability

toproduceheat-stableenzymes(particularlyproteasesandlipases)duringgrowth

underrefrigeratedstorage.Theyaremotile,gram-negativerods,withtheabilityto

grow at temperatures just above freezing,despite their optimum growth

temperaturebeingbetween25and30◦C.Thisgenusisrepresentedbyspecies

withshortgenerationtimes(growthrate)at0–7◦C;theirgenerationtimescanbe

evenshorterinthepresenceofair.Thegenerationtimesofthemostrapidly

growingpsychrotrophicPseudomonasspp.isolatedfrom raw milkare8–12hat

3◦Cand5.5–10.5hat3–5◦C.Thesegrowthratesaresufficienttocausespoilage

within5daysatthesetemperaturesifthemilkinitiallycontainsonly1colonycount

unit(cfu)mL−1.

About50%ofPseudomonasspp.arethefluorescenttype,characterised bythe

production ofa diffusible pigment(pyoverdin)during growth.Pseudomonas

fluorescensandPseudomonasfragi,commonmilkcontaminants,arenotoriousfor

producingheatstableproteaseandlipase.

Enterobacteriaceae

Enterobacteriaceaeaccountfor5–33%ofpsychrotrophicmicroflorapresentinraw

milk.Theseorganismsaresmall,motile,gram-negativerods.Theiroptimum growth

temperature(>30◦C)tendstobehigherthanthatofpseudomonads,buttheyadapt

welltogrowthatrefrigerationtemperature.Coliformsbelongingtothisgroupare

abletofermentlactosewithproductionofacidandgasat32◦C within48h.

MembersofthegeneraEnterobacterandKlebsiellaaremostoftenassociatedwith

coliform spoilage,whileEscherichiaspp.onlyoccasionallyexhibitsufficientgrowth

toproduceadefect.

Otherpsychrotrophicbacteria

OthertypesofpsychrotrophscommonlyfoundinrawmilkincludeFlavobacterium,

Achromobacter, Aeromonas, Alcaligenes and Chromobacterium. They, like

pseudomonads,aregram-negativerodscapableofgrowingatlowtemperature.

AcinetobacterandPsychrobacterareoflimitedspoilagepotential,becausetheir

growthatlowtemperaturesisslowerthanthatofotherpsychrotrophsandsothey

areoftenovergrownbyPseudomonasspp.



Gram-positivebacteria

Spore-formingbacteria

Spore-formingbacteriainraw milkarepredominantlyBacillusspp.(Jay,1996).

Bacilluscontaminationlevels,althoughvariable,arefoundupto105cfumL−1.The

optimum growthtemperatureformostBacillusspp.is20–40◦C,althoughfor

some,suchasBacillusstearothermophilus(now Geobacillusstearothermophilus),

itishigher.Therefore,thegenerationandlagtimesofpsychrotrophicBacillusspp.

at2–7◦C areconsiderablylongerthanthoseofPseudomonasspp.,although

psychrotrophicspore-formersmaybecomethedominatingmicroflorainspoiled

milkat10◦C.OftheBacillusspp.foundinmilk,B.licheniformis,B.cereus,B.

subtilisandB.megaterium aremostcommonlyisolated.Thesegrampositivemotile,

spore-forming,rod-shapedorganismshavealsobeenimplicatedasthecauseofa

varietyofproteolyticdefects.B.cereusisacommoncontaminantofraw milks,

beingpresentinover80%ofrawmilksamples.Thereisadistinctseasonalityinthe

occurrenceoftheorganism inrawmilksupplieswiththehighestlevelsbeinginlate

summerandearlyfall,indicatingthatcontaminationoccursatthefarm.B.cereus

usuallygivesrisetomilkspoilagedefectssuchasbittycream,sweetcurdlingand

variousoff-flavors.

Clostridium spp.arepresentinraw milkatsuchlow levelsthatenrichmentand

mostprobablenumbertechniquesmustbeusedforquantification.Populationsin

rawmilkvaryseasonally.Intemperateclimates,clostridiaareathigherlevelsinraw

milkcollectedinthewinterthanthatcollectedinthesummer,becauseinthewinter,

in manycountries,cows are housed and lie on spore-contaminated bedding

materialsandaremorelikelytoconsumespore-ladensilage.

Lacticacidbacteria

Spoilageofraw milkresultingfrom growthofacid-producingfermentativelactic

acidbacteriaoccurswhenstoragetemperaturesaresufficientlyhighforthese

microorganismstooutgrow psychrotrophicbacteriaorwhenproductcomposition

is inhibitory to gram-negative aerobic organisms.This particularly occurs in

countrieswheremilkisstillstored on farm and transported in unrefrigerated



containers.Spoilagecanoccur,especiallyinhotweather,beforemilkisdeliveredto

thefactory.SpeciesofStreptococcus,Enterococcus,Lactobacillus,Leuconostoc,

LactococcusandPediococcusareinvolved.Lactococcuslactissubsp.lactisisthe

mainspeciesresponsibleforspoilageofraw milkat10–37◦C,beingableto

produceacid(about0.25%,mostlylacticacidbutalsosmallamountsofaceticand

propionicacids)tocausemilktosour.SomeEnterococcusisolatescangrow at

7◦Candhavedetectableproteolyticactivity.Thesemicroorganismsconstituteonly

a minorpopulation ofthe microflora in raw milk,buttheirnumbers maybe

proportionally higher in pasteurized milk because of their resistance to

pasteurization.

3.3Pathogenicorganisms

Numerousmilkbornepathogenshavebeenisolatedfrom rawmilk.Theprevalence

ofthesevariesconsiderably,dependingongeographicalarea,season,farm size,

numberofanimalsonfarm,hygieneandfarm managementpractices.Althoughthe

growth ofthese pathogens in milk is known to be inhibited bycooling and

competing non-pathogenic microorganisms,outbreaks of illness caused by

Campylobacter jejuni,Shiga toxin-producing Escherichia coli,Staphylococcus

aureus,Listeriamonocytogenes,Salmonellaspp.andYersiniaenterocoliticahave

beenreportedfollowingconsumptionofrawmilk.

Pathogenicorganismsinrawmilkareoftwotypes:thosethatareinvolvedinbovine

mastitisandthosethatexternallycontaminatemilk.Thebacteriacausingmastitis,

whichvarygeographicallyandwithdifferentanimalhusbandrypractices,includeS.

aureus,Streptococcusagalactiae,Str.dysgalactiae,Str.uberis,Listeriaspp.andE.

coli.Thestaphylococciareofconcerntothedairyindustryandpublichealthas

someofthem,particularlyS.aureus,produceheat-stableenterotoxinsthatcan

causefoodpoisoning.Str.agalactiaecausesbacteraemiaandmeningitis,whichare

potentiallyfataltoinfectedinfants.

Salmonellae and thermoduric Campylobacterstrains are the mostcommon

pathogenicbacteriafrom sourcesexternaltotheudder.Salmonellae,particularly,

continuetobeamajorconcernforthedairyindustrybecausetheyhavebeen

implicatedinnumerousoutbreaksofillness.Theemergenceofmultipleantibiotic-

resistantstrains ofSalmonella ser.typhimurium DT104 should be ofgreater



concerntopublichealthauthoritiessincethisorganism isreportedlyresistantto

antibioticscommonlyusedinmedicalandveterinarypractice.

SOURCESOFCONTAMINATION

This section starts with some generalremarks about ecologicalaspects.

Subsequently,thesourcesofmicroorganismsintheenvironmentofthecow are

described,andthenthewayinwhichtheycontaminatemilk.

MICROBIALECOLOGY

Microorganismshaveinhabitedourplanetsincetheearlystagesofevolution.

Selectivepressuresinthecourseoftimehaveresultedinthedevelopmentofa

broad diversityofmicrobes bymutation and adaptation.Itis,therefore,not

surprisingthattodaymicroorganisms,especiallybacteria,areeverywhere.Whether

agiventypeofmicroorganism ispresentinacertainecosystem isdeterminedby

thebiotic(presenceandabundanceofotherorganisms)andabioticcomponents

(chemicalcomposition,temperature,etc.)ofthesystem.Eachmicroorganism finds

itsecologicalniche,i.e.,anenvironmentinwhichitcanfindnutrients,generate

energy,grow,andcompetewithotherorganismsandtolerateadverseconditions.

Thisimpliesaninteractionbetweenmicroorganismsandenvironment:thelatter

determineswhichorganismscanproliferate,buttheorganism inturnaltersthe

environment,affectingitssuitabilityforotherorganisms.Forexample,lacticacid

bacteriagrowinginmilkproducelacticacidfrom lactoseanddecreasetheredox

potential,thereby eventually precluding growth ofmostotherbacteria (and

themselves);someyeasts,however,cantoleratetheseconditions.

Raw milkleftin contactwith theexternalenvironmentisessentiallyan open

ecosystem,anditmaycontainawiderangeofbacterialspecies.Inatemperate

climate,and in theabsenceofcooling machines,lacticacid bacteriatend to

predominateinanyplacewheremilkiskept:theycangrow fastandoutcompete



mostotherorganisms.Becauseofthelarge-scaleintroductionofcoolingtanks

onthefarm,thishaschangeddramatically:itispsychrotrophsthatpredominate

now.Intropicalcountries,stillothertypesofbacteriamayprevail.

Many milk products are closed orcontrolled ecosystems,and the microbial

changesoccurringgreatlydependontheparticularcontaminationbybacteriathat

occurred.Notonlyarespeciesandnumbersofbacteriaimportant,butsoistheir

physiologicalstate,whichespeciallydependsonthegrowthphase,andthepossible

presenceofbacteriophages.Theeffectoftheenvironmentisusuallydifferentfor

growth,fermentation,and,forcertainspecies,germinationofspores.Generally,

conditions permitting growth are more restricted than those forcatabolism

(fermentation).Forinstance,severallacticacidbacteriadonotgrowtoanyextent

near5°C,but,otherconditionsbeingfavorable,theymaygoonproducinglacticacid

from lactose.

Conditionsinducinggerminationofsporesareusuallyquiterestricted.

MICROORGANISMSPRESENTINTHEUDDER

Adistinctionshouldbemadebetweenhealthyandunhealthycows,althoughitmay

notbeclear-cut,especiallyforsometypesofmastitis.

HealthyCows

Inmostcows,nomicroorganismsarepresentinthemilkinthealveoli,ducts,

cistern,andteatcistern,buttheyarepresentintheteatcanalandthesphincterof

the teat,mainlynon-heat-resistantMicrococcus and Staphylococcus spp.And

Corynebacterium bovis.Sometimesotherbacteriaarealsoinvolved.Duringmilking,

thesebacteriaenterthemilk.Directlyaftermilking,theirnumbervarieswidely

amongcows,from hardlyanytoabout15,000ml−1;thecolonycountofaseptically

drawnmilkofhealthycowsisusuallylow,often<100ml−1.At5°Cthebacteria

hardlygrow and,afterlow pasteurization,these organisms can often notbe

detected.Obviously,microbiallyhigh-grademilkcanbecollectedfrom healthycows.

Thecowhasseveraldefensemechanismstokeepmicroorganismsawayfrom the



udder:

•Thesphincteroftheteathassomecircularmusclesthatcankeeptheopening

closed.

•Bacteriostaticandbactericidalagentspresentinthekeratinmaterialoftheteat

canalandinthemilkitself,andtheleukocytesinthemilk.

•The‘rinsingeffect’duetodischargeofthemilk.

UnhealthyCows

Whenacow isillduetomicrobialinfection,theorganismsinvolvedcanenterthe

milk.Inthecaseofmastitis,pathogenicorganismsarealreadypresentintheudder

and,thereby,inthemilk.Becauseofthis,mastiticmilkusuallyhasahighcount.

Someofthesemastiticorganisms,includingcertainstreptococci,Staphylococcus

aureus,andcertainstrainsofEscherichiacoli,arealsopathogenictohumans.If

organsotherthantheudderareinflamed,pathogensmaydirectlyenterthemilk

throughthebody,especiallyifthecowisalsomastitic.Naturally,theorganismscan

alsoenterthemilkthrough,forinstance,dungorurine.

AmongsuchorganismsthatarepathogenictohumansareLeptospirainterrogans,

Mycobacterium tuberculosis, Campylobacter jejuni, Listeria monocytogenes,

Bacillus anthracis (causes anthrax),and Brucella abortus (causes an illness

resemblingMaltafeverinhumans).Obviously,itisessentialtoexcludemilkof

diseasedanimalsfrom beingprocessed,andtoheatthemilkinordertokillany

pathogens.

CONTAMINATIONDURINGANDAFTERMILKING

Thehygienicmeasurestakenduringandafter(mechanical)milkingessentially

determinewhatforeignmicroorganismsenterthemilk,includinghumanpathogens.

Thisappliesalsototheirnumbers.Thecountofproperlydrawnmixedmilkfrom

healthycowsisabout10,000ml−1,sometimesevenless.If,however,thelevelof

hygieneduringmilkingispoor,freshlydrawnmixedmilkcanhaveamuchhigher

count,uptoonemillionml−1.Potentialsourcesofcontaminationofmilk,together



withthecharacteristicmicroorganismsinvolved,willnowbediscussed.

TheCow

Duringmilking,microorganismscanenterthemilkfrom theskinoftheteats,which

oftenarecontaminatedbydung,soil,ordust.Flakesofskin,hairs,anddirtfrom the

feetandflankscanalsoenterthemilk.Severaltypesofmicroorganismscan

contaminate the milk,including coliforms,fecalstreptococci,otherintestinal

bacteria,bacterialspores(mostlyClostridium spp.),yeasts,andmolds.Someof

thesemicroorganismsarehumanpathogens.Appropriatehousingandcareofthe

cowsisanessentialmeasuretopromotecleanudders.Asaresult,drytreatment,

including removalofloose dirt,suffices during milking.Such dry treatment,

moreover,causeslessleakageofmilkagainsttheteats.Fewerbacteriathen

becomedetachedfrom theteatskin.Dirtyuddershavetobecleanedthoroughly

beforemilking.However,thecompleteremovalofbacteriaisimpossible.

Soil,Dung,andDust

Allthesecontaminantscanreachthemilkandtherebyincreasecounts.Moreover,

sporesofbacteria,yeasts,andmoldsalsooccurinair.WellknownisB.subtilis,

originatingfrom haydust.Thesporescanenterthemilkthroughairsuckedin

duringmechanicalmilkingorfalldirectlyintoitduringmilkinginopenpails.The

cleanlinessofthemilkingparlorandtherestfulnessofthecowsduringmilkingare

amongthefactorsdeterminingcontaminationofthemilk.

TheFeed

Feedoftencontainslargenumbersofmicroorganisms.Feedcansometimesfall

directlyintothemilkbut,moresignificantly,certainmicroorganismsinthefeed

survivepassagethroughthedigestivetractandsubsequentlyenterthemilkthrough

dung;itincludessomehumanpathogens.Spore-formingbacteria,includingBacillus

cereus,B.subtilis,andClostridium tyrobutyricum,whichcanspoilmilkandmilk

products,areespeciallyinvolved.LargenumbersofC.tyrobutyricum occurinsilage



ofinferiorquality.Thebacterialsporessurvivelowpasteurizationofcheesemilk,to

whichamoreintenseheattreatmentcannotbeapplied and maycause“late

blowing”insometypesofcheese.Accordingly,highqualitysilageisofparamount

importance,andcontaminationofthemilk,e.g.,bydung,shouldberigorously

combated.Insomeregions,theuseofsilageisstrictlyprohibited,e.g.,inareasof

Switzerland and northern Italy where Emmentaler and Parmesan cheese,

respectively,aremade.Incidentally,whenthecowssufferfrom diarrhea(caused,for

instance,byfeedingtoomuchconcentrate),thecontamination

ofthemilkbydungisincreased.

MilkingUnit

Contactinfectionposesthelargestthreatofcontaminationtoalmostallfoods,

includingmilk.Poorlycleanedanddisinfectedmilkingequipmentcancontainlarge

numbersofmicroorganisms.Becausetheseorganismsgenerallyoriginatefrom

milk,theywillgrow rapidlyandcandecreasequality.Residualmilkoftencontains

about109ml−1ofbacteria,andeven1mlofsuchmilkentering100lofmilkduring

thefollowingmilkingwouldincreasethecountby10,000ml−1.Themethodsof

cleaning and disinfection applied largely determine the species of the

contaminating organisms.Ifhigh temperatures are used and cleaning and

disinfectionofmilkingutensilsareunsatisfactory,themainspecieswillbeheat

resistant,includingmicrococci,Microbacterium lacticum,somestreptococci,and

spore-formingbacteria.If,ontheotherhand,ambienttemperaturesareused,lactic

acidbacteria,e.g.,Lactococcuslactis,pseudomonads,andcoliformswillmainlybe

involved.Useofmilkingequipmentthatcanbeadequatelycleanedanddisinfected

isthusparamount.Smallcracksinworn-outrubberunitsand‘deadends’inthe

equipmentthatareinsufficientlyrinsedshouldbeavoided.

WaterUsed

Tapwatermaybeofgoodquality.Anyprivatewatersupplymustbeexaminedat

intervals.Surface watercan contain many microorganisms,including human

pathogens,anditmustthereforeonnoaccountbeusedforcleaningandrinsing.



Gram-negativerodssuchasPseudomonas,Achromobacter,Flavobacterium,and

Alcaligenesspp.,mostofwhicharepsychrotrophic,oftenoccurincontaminated

water(alsoindung,soil,andpoorlycleanedutensils).Especiallyinthetropics,

watermayhaveveryhighcounts.

TheMilker

Milkersinfluencemanyoftheprecedingfactorsandtherebythemicrobiological

qualityofthemilk.Theycanalsocontaminatethemilkdirectly,e.g.,withthehands.

Iftheysufferfrom microbialinfections,theymightdirectlycontaminatethemilk

withpathogens.

Chapterfour:Milkprocessing

4.1whyprocessingmilk?

Therearemanyreasonstoprocessmilkintodairyproducts,suchasthefollowing:

 Manydairyproductscanbekeptlongerthanfreshmilk,thereforethemilkdoesnot

havetobeconsumedimmediately.

 Thedemandforfreshmilkmaybelimited,andtheremaybemoreinterestindairy

products.

 Ifthedailyamountoffreshmilkforsaleislimited,itmaybemoreeconomicalto

processthemilkintolessperishableproducts,storethem,andsellthem laterin

greaterquantities.

 Theremaybenomarketforfreshmilkcloseby,andonlypreservedproductscanbe

soldatmarketsatagreaterdistance.

 Greaterfinancialgainmaybeobtained.

Apartfrom thesereasons,itshouldalsoberealizedthatmanypopulationgroupsin

AsiaandAfricacannotorcanhardlyconsumemilkbecauseofso-calledlactose

intolerance.Lactoseintoleranceimpliesthatthebodyisalmostorentirelyunableto

digestthemilksugar,lactose,whichisfoundinmilk.Onlysmallamountsofmilk

(upto200ml)consumedseveraltimesadaycanbedigested.Dairyproductsin

whichaproportionofthemilksugarisconvertedduringproduction,suchascheese,

curd,yoghurtandsourmilkorbuttermilk,donotcausemanyproblemsinthis

respect.



Beforeprocessingsurplusmilk,onemustconsiderwhetheritisprofitabletodoso.

Theprocessingisnotalwayseasyandtheremaybelosses.Forexample,awaste

productofcheesemakingiswhey,whichcontainsmanyvaluablenutrients.Ifthe

wheyisnotused,avaluablepartofthemilkislost.Furthermore,whilemilkisbeing

processedqualitydeteriorationmayoccuranditcangooff.Onlywhenmilkisdrunk

immediatelycanyoubesurethatnothingislost.

4.2Milkprocessingtechniques

Pasteurization

Pasteurization is a heattreatmentaimed atreducing the numberofharmful

microorganisms,ifpresent,toalevelatwhichtheydonotconstituteasignificant

healthhazard.Pasteurizationcanbecarriedouteitherasabatchoperation(‘batch

pasteurization’)withtheproductheatedandheldinanenclosedtankorasa

continuousoperation(‘HighTemperatureShortTime,HTSTpasteurization’)with

theproductheatedinaheatexchangerandthenheldinaholdingtubeforthe

requiredtime(FAO,2005).

PasteurizationconditionsaredesignedtoeffectivelydestroytheorganismsMyco-

bacterium tuberculosis(Roweetal.,2000;Klijnetal.,2001)andCoxiellaburnettii.

AsC.burnettiiisthemostheat-resistantnon-sporulatingpathogenlikelytobe

presentinmilk,pasteurizationisdesignedtoachieveatleasta5logreductionofC.

burnettiiin whole milk (Codex Alimentarius,2003;FAO,2005).According to

validationscarriedoutonwholemilk,theminimum pasteurizationconditionsare

thosehavingbactericidaleffectsequivalenttoheatingeveryparticleofthemilkto

72°C for15 s (continuous-flow pasteurization)or63°C for30 min (batch

pasteurization).

Toconfirm sufficientpasteurization,theresidualalkalinephosphataselevelsinheat

-treatedmilkhavetobebelow 10μgp-nitrophenolequivalentml−1(FAO,2005).

Low-pasteurized milk should also be lacto-peroxidase-positive. For highly

pasteurized milk,the lacto-peroxidase testhas to be negative.Lactulose in

pasteurizedmilkshouldbebelowthedetectionlimitandmaynotexceed50mgl−1

inhighlypasteurizedmilk(Mortieretal.,2000).Inthenearfuture,itwillalsobe

requiredthattheconcentrationofnon-denaturedβ-lactoglobulinshouldbemore

than2600mgl−1forpasteurizedmilkand2000mgl−1forhighlypasteurizedmilk

(Mortieretal.,2000).

Cooling

Thepasteurizedfluidmilkproductsarerapidlycooledtolessthan4.4◦C/40◦F,

packaged in appropriate plastic bottles/paper cartons and stored in cold



refrigeratedroomsfordeliverytogrocerystoresorwarehousefordistribution.

Souringbyfermentationoracidification

Acidification,whichgivesthemilkatarttaste,isachievedeitherthroughbacterial

fermentationorthroughtheadditionofanacid,suchaslemonjuiceorvinegar.The

acidcausesmilktocoagulateandthicken,inhibitingthegrowthofharmfulbacteria

andimprovingtheproduct’sshelflife.

Milkseparation

Thefatfractionseparatesfrom theskim milkwhenmilkisallowedtostandfor30

to40minutes.Thisisknowna c̀reaming'.Thecreamingprocesscanbeusedto

removefatfrom milkinamoreconcentratedform.A numberofmethodsare

employedtoseparatecream from milk.Anunderstandingofthecreamingprocess

isnecessarytomaximizetheefficiencyoftheseparationprocess.

1.Gravityseparation

Fatglobulesinmilkarelighterthantheplasmaphase,andhencerisetoform a

cream layer.Therateofrise(V)oftheindividualfatglobulecanbeestimatedusing

Stokes'Lawwhichdefinestherateofsettlingofsphericalparticlesinaliquid:

V=(r2(d1-d2)g)/9η

Wherer=radiusoffatglobules

d1=densityoftheliquidphase

d2=densityofthesphere

g=accelerationduetogravity,and

η=specificviscosityoftheliquidphase

Particler2: Astemperatureincreases,fatexpandsandthereforer2increases.

Sincethesedimentationvelocityoftheparticleincreasesinproportionto the

squareoftheparticlediameter,aparticleofradius2(r2=4)willsettlefourtimesas



fastasaparticleofradius1(r2=1).Thus,heatingincreasessedimentationvelocity.

D1-d2:Sedimentation rate increases as the difference between d1and d2

increases.Between20and50°C,milkfatexpandsfasterthantheliquidphaseon

heating.Therefore,thedifferencebetweendlandd2increaseswithincreasing

temperature.

g:Accelerationduetogravityisconstant.Thiswillbeconsideredwhendiscussing

centrifugalseparation.

η:Serum viscositydecreases with increasing temperature.Calculation ofthe

sedimentationvelocityofafatglobulerevealsthatitrisesveryslowly,asshownin

theequation;thevelocityofriseisdirectlyproportionaltothesquareoftheradius

oftheglobule.Largerglobulesovertakesmalleronesquickly.Whenalargeglobule

comesintocontactwithasmallerglobulethetwojoinandrisetogetherevenfaster,

primarilybecauseoftheirgreatereffectiveradius.Astheyrise,theycomein

contactwithotherglobules,formingclustersofconsiderablesize.Theseclusters

risemuchfasterthanindividualglobules.However,theydonotbehavestrictlyin

accordancewithStokes'Law becausetheyhaveanirregularshapeandcontain

somemilkserum.

Factorsaffectingcreaming:Cream layervolumeisgreatestinmilkthathashigh

fatcontentandrelativelylargefatglobules,becausesuchmilkcontainsmorelarge

clusters.However,temperatureandagitationaffectcreaming,irrespectiveofthefat

contentofthemilk.Heatingtoabove60°Creducescreaming;milkthatisheatedto

above100°Cretainsverylittlecreamingability.

Excessiveagitationdisruptsnormalclusterformation,butcreamingincoldmilk

maybeincreasedbymildagitationsincesuchtreatmentfavorslarger,loosely

packedclusters.Batchseparationbygravity:Cream canbeseparatedfrom milkby

allowingthemilktostandinasettingpanincoolplace.Therearetwomain

methods.

Shallow pan: Milk,

preferablyfreshfrom

the cow,is poured

intoashallowpan40

to60cm indiameter

and about 10 cm

deep.Thepanshould



beinacoolplace.After36hourspracticallyallofthefatcapableofrisingbythis

methodwillhavecometothesurface,andthecream isskimmedoffwithaspoon

orladle.Theskim milkusuallycontainsabout0.5to0.6%butterfat.

Batchseparationofmilkbygravity:(a)Shallow panmethod,(b)deep-setting

method

Deep-setting:Milk,preferablyfreshfrom thecow,ispouredintoadeepcanofsmall

diameter.Thecanisplacedincoldwaterandkeptascoolaspossible.After24

hourstheseparationisusuallyascompleteasitispossibletosecurebythis

method.Theskim milkisremovedthroughatapatthebottom ofthecan(Figure

12).Underoptimum conditions,thefatcontentoftheskim milkaveragesabout0.2

or0.3%.

Thepansshouldberinsedwithwaterimmediatelyafteruse,scrubbedwithhot

waterandscaldedwithboilingwater.

2.Centrifugalseparation

Gravityseparationisslow andinefficient.Centrifugalseparationisquickerand

moreefficient,leavinglessthan0.1%fatintheseparatedmilk,comparedwith0.5-

0.6%aftergravityseparation.

Thecentrifugalseparatorwasinventedin1897.Bytheturnofthecenturyithad

alteredthedairyindustrybymakingcentralizeddairyprocessingpossibleforthe

firsttime.

Italsoallowedremovalofcream andrecoveryoftheskim milkinafreshstate.

Theseparationofcream from milkinthecentrifugalseparatorisbasedonthefact

thatwhenliquidsofdifferentspecificgravitiesrevolvearoundthesamecenterat

thesamedistancewiththesameangularvelocity,agreatercentrifugalforceis

exertedontheheavierliquidthanonthelighterone.Milkcanberegardedastwo

liquidsofdifferentspecificgravities,theserum andthefat.

Milkenterstherapidlyrevolvingbowlatthetop,themiddleorthebottom ofthe

bowl.Whenthebowlisrevolvingrapidlytheforceofgravityisovercomebythe



centrifugalforce,whichis5000to10000timesgreaterthangravitationalforce.

Everyparticleintherotatingvesselissubjectedtoaforcewhichisdeterminedby

thedistanceoftheparticlefrom theaxisofrotationanditsangularvelocity.

Cutawaydiagramsof(a)hand-operatedmilkseparatorand(b)thebowlshowing

thepathsofmilkandcream fractions.Ifwesubstitutecentrifugalacceleration

expressedasr1ω2(wherer1istheradialdistanceoftheparticlefrom thecenterof

rotationandω2isameasurementoftheangularvelocity)foraccelerationdueto

gravity(g),weobtain:

V=(r2(d1-d2)r1ω2)/9η

Thus,sedimentationrateisaffectedbyr1ω2.Ingravityseparation,theacceleration

duetogravityisconstant.Incentrifugalseparation,thecentrifugalforceactingon

theparticlecanbealteredbyalteringthespeedofrotationoftheseparatorbowl.

Inseparation,milkisintroducedintoseparationchannelsattheouteredgeofthe

discstackandflowsinwards.Onthewaythroughthechannels,solidimpuritiesare

separatedfrom themilkandthrownbackalongtheundersidesofthediscstothe

peripheryoftheseparatorbowl,wheretheycollectinthesedimentspace.Asthe

milkpassesalongthefullradialwidthofthediscs,thetimepassageallowseven

smallparticlestobeseparated.Thecream,i.e.fatglobules,islessdensethanthe

skim milkandthereforesettlesinwardsinthechannelstowardstheaxisofrotation

andpassestoanaxialoutlet.Theskim milkmovesoutwardstothespaceoutside

thediscstackandthenthroughachannelbetweenthetopofthediscstackandthe

conicalhoodoftheseparatorbowl.Efficiencyofseparationisinfluencedbyfour

factors:thespeedofthebowl,residencetimeinthebowl,thedensitydifferential



betweenthefatandliquidphaseandthesizeofthefatglobules.

Speedoftheseparator.Reducingthespeedoftheseparatorto12rpm lessthan

therecommendedspeedresultsinhighfatlosses,withupto12%ofthefatpresent

remainingintheskim milk.

Residencetimeintheseparator:Overloadingtheseparatorreducesthetimethat

themilkspendsintheseparatorandconsequentlyreducesskimmingefficiency.

However,operatingtheseparatorbelowcapacitygivesnospecialadvantageitdoes

notincreasetheskimmingefficiencyappreciablybutincreasesthetimeneededto

separateagivenquantityofmilk.Effectoftemperature:Freshlydrawn,uncooled

milkisidealforexhaustiveskimming.Suchmilkisrelativelyfluidandthefatisstill

intheform ofliquidbutterfat. Ifthetemperatureofthemilkfallsbelow 22°C

skimmingefficiencyisseriouslyreduced.Milkmustthereforebeheatedtoliquify

thefat.Heatingmilkto50°Cgivestheoptimum skimmingefficiency.

Effectofthepositionofthecream screw:Thecream screwregulatestheratioof

skim milktocream.Mostseparatorspermitaratherwiderangeoffatcontentof

cream (18-50%) without adversely affecting skimming efficiency.However,

productionofcream containinglessthan18%ormorethan50%fatresultsinless

efficientseparation.Otherfactorsthataffecttheskimmingefficiencyare:

Thequalityofthemilk:Milkinpoorphysicalconditionorwhichiscurdywillnot

separatecompletely.

Maintenanceoftheseparator:Aseparatorinpoormechanicalconditionwillnot

separatemilkefficiently.

When separation is complete the separatormustbe dismantled and cleaned

thoroughly.

3.Handseparator

Inordertounderstandhowcentrifugalseparationworks,weshallfollowthecourse

ofmilkthroughaseparatorbowl.Asmilkflowsintoarapidlyrevolvingbowlitis

acteduponbybothgravityandthecentrifugalforcegeneratedbyrotation.The

centrifugalforceis5000to10000timesthatofgravity,andtheeffectofgravity

thusbecomesnegligible.Therefore,milkenteringthebowlisthrowntotheouter

wallofthebowlratherthanfallingtothebottom.Milkserum hasahigherspecific

gravitythanfatandisthrowntotheouterpartofthebowlwhilethecream isforced

towardsthecenterofthebowl.

Assemblingthebowl

1.Fitthemilkdistributortothecentralfeedshaft.



2.Fitthediscsontopofeachotheronthecentralshaft.

3.Fitthecream screwdisc.

4.Next,fittherubberringtothebaseofthebowl.

5.Putonthebowlshell,ensuringthatitfitstotheinsideofthebase.

6.Finally,screwthebowlnutontop.

Now the bowlisassembled and readyforuse.The restofthe separatoris

essentiallyasetofgearssoarrangedastopermitthespindle,onwhichthebowlis

carried,tobeturnedathighspeed.Thegearsarenormallyenclosedinanoil-filled

case.Thebowlisusuallysupportedfrom thebottom andhastwobearings;oneto

supportitsweightandthesecondtoholditupright.Theupperbearingisusually

fittedinsideasteelspringsothatitcankeepthebowluprighteveniftheframeof

themachineisnotexactlylevel.Theassembledbowlisloweredintothereceptacle,

makingsurethattheheadofthespindlefitscorrectlyintothehollowofthecentral

feedshaft.

Operation

1.Whenthebowlisset,fittheskim milkspoutandthecream spout.

2.Fittheregulatingchamberontopofthebowl.

3.Putthefloatintheregulatingchamber.

4. Putthesupplycaninposition,makingsurethatthetapisdirectlyaboveandat

thecenterofthefloat.

5.Pourwarm (bodytemperature)waterintothesupplycan.

6. Turnthecrankhandle,increasingspeedslowlyuntiltheoperatingspeedis

reached:Thiswillbeindicatedonthehandleorinthemanufacturer'smanualof

operation.Thebellonthecrankhandlewillstopringingwhenthecorrectspeedis

reached.

7.Openthetapandallowthewarm watertoflowintothebowl.Thisrinseandheats

thebowlandallowsasmoothflowofmilkandincreasesseparationefficiency.

8.Next,putwarm milk(37-40°C)intothesupplycan.Repeatsteps6and7above

andcollecttheskim milkandcream separately.

9.Whenallthemilkisusedupandtheflowofcream stops,pourabout3litersof

theseparatedmilkintothesupplycantorecoverresidualcream trappedbetween

thediscs.

10.Continueturningthecrankhandleandflushtheseparatorwithwarm water.

Cleaningtheseparator:Manyoftheimpuritiesinthemilkcollectasslimeonthe

walloftheseparatorbowl.Thisslimecontainsremnantsofmilk,skim milkand

cream,allofwhichwilldecomposeandfermentunlessremovedpromptly.



Ifnotwashedandfreedfrom allimpuritiestheseparatorbowlbecomesasourceof

microbialcontamination.Skimmingefficiencyisalsoreducedwhentheseparator

bowlanddiscsaredirty.Milkdepositsontheseparatorcancausecorrosion.

Washingtheseparator:Afterflushingtheseparatorwithwarm skim milk,thebowl

shouldbeflushedwithcleanwateruntilthedischargefrom theskim milkspoutis

clean.Thisremovesanyresidualmilksolidsandmakessubsequentcleaningofthe

bowleasier.Thebowlshouldthenbedismantled.Washall.Partsofthebowl,bowl

cover,dischargespouts,floatsupplytankandbucketswithabrush,hotwaterand

detergent.Rinsewithscaldingwater.Allow thepartstodraininacleanplace

protected from dustand flies.This process should be followed aftereach

separation.

Cream screwadjustment

Thecream screwshouldbeadjustedsothatthefatcontentofthecream isabout

33%.Producingexcessivelythincream reducestheamountofseparatedmilk

availableforotherusesandincreasesthevolumeofcream tobehandled.Low-fat

cream isalsomoredifficulttochurnefficiently.

Cream containingmorethan45%fatclogstheseparatorandcausesexcessiveloss

offatinskim milk.Cream ofabnormallyhighfatcontentalsogivesbutteragreasy

bodyduetolackofmilkSNF.Whenadjustingthecream screw,itisimportantto

rememberthatitisverysensitive;aquarterturnofthescrewissufficienttochange

thepercentagefatinthecream appreciably.The fat content of whole milk

influences the fat content of cream and this must beconsideredwhen

adjustingthecream screw.Forexample,ifthecream screwissettoseparatemilk

ataratioof85partsofseparatedmilkto15partsofcream then,withallother

conditionsconstantandassumingefficientseparation,milkof3% fatproduces

cream of20%fatwhereasmilkof4.5%fatproducescream of30%fat.

Thefatcontentofthecream canbecalculatedusingthefollowingequation:

Fc=(Wm ×Fm)/WC

Wm =weightofmilk,Fm =fatcontentofmilk,WC=weightofcream,Fc=fat

contentofcream

Inthefirstexample,Fc=(100×3)/15=20

Inthesecondexample,Fc=(100×4.5)/15=30

Therefore,thesettingofthecream screw dependsonthefatcontentofthemilk

beingseparated.Themilkshouldbemixedthoroughlypriortoseparationtoensure

evendistributionofcream inthemilk.

Separatormaintenance



Thegearsmustbewelllubricated.Followthedirectionsofthemanufacturer.The

levelofthelubricantmustbekeptconstant;observetheoillevelthroughthesight

glass.Thebowlmustbeperfectlybalanced.Thebowlshouldbecleanedthoroughly

immediatelyafterusetoensureproperfunctioningoftheseparatorandforhygiene.

Calculations

Oncemilkpassesthroughaseparatoritisrecoveredintwofractions,thehigh-fat

cream fractionandthelow-fatskim milk.

Assumingnegligiblelossoffatintheseparator,theamountoffatenteringthe

separatorwiththewholemilkwillbecollectedattheothersideoftheseparatorin

eitherthecream ortheskim milk.Therefore,ifweseparate200 kg ofmilk

containing4.5% butterfat,whatweightofcream containing30% butterfatcanwe

expect?

Let,Wm =weightofmilk

Fm =fatcontentofthemilk

Wc=weightofcream

Fc=fatcontentofthecream

Ws=weightofskim milk

Assumingthatallofthefatpresentinthemilkisrecoveredinthecream,then:

Wm ×Fm =WC×Fc

And,Wm -WC=Ws

And,Wm -Ws=WC

Since,Wm ×Fm =WC×Fc

(Wm×Fm)/Fc=WC

Therefore,Ws=Wm (Wm ×Fm)/Fc=WC

Inthiscase:Ws=200-(200×4.5)/30=200/30=170kg

SinceWC=Wm –Ws,WC=200-170=30kg

Percentageyieldofskim milk:=Ws×100)/Wm =(170×100)/200=85%Percentage

cream (%WC)=%Wm -%Ws=100-85=15%

Ifinpracticeweobtainonly28kgofcream containing30%butterfat,then(2×0.30)

kgor

0.6kgofbutterfathasnotbeenrecoveredinthecream.Sinceitisassumedthat

therearenosignificantlossesoffatinthecream separator,thefatnotrecoveredin

thecream islostintheskim milk.Since28kgofcream wasproduced,andWs=

Wm –Wc,thenWs=200-28=172kgThusthereis0.6kgoffatin172kgofskim

milk.Thefatpercentageoftheskim milkistherefore:(0.6×100)/172=0.35%**The



skim milkcontains0.35%fat,whichmaybeincorporatedincottagecheese.Ifthe

skim milkisconsumed,nonutritionallossoccurs,butafinanciallossisincurred

sincethefatismorevaluableifsoldasbutterthanascottagecheeseorifitis

consumeddirectly.

Thepercentageoffatinmilkandincream influencesWcandWs,wherethefatis

recoveredinthecream.

If,Fm =3%Fc=30%Wm =100

ThenWc=Wm -Fm/Fc

Wc=100×3/30=10kg,Ws=Wm –Wc,=100–10=90kg

Whereasif Fm =4%,Fc=30,WC=100

ThenWc=100×4/30=13.3kg,Ws=100-13.3=86.6kg

4.Standardizationofmilkandcream

Iffineadjustmentofthefatcontentofcream isrequired,orifthefatcontentof

wholemilkmustbereducedtoagivenlevel,skim milkmustbeadded.Thisprocess

isknownasstandardization.

The usualmethod of makingstandardization calculations is the Pearson's

Squaretechnique.Tomakethiscalculation,drawasquareandwritethedesiredfat

percentageinthestandardizedproductatitscenterandwritethefatpercentageof

thematerialsto bemixed ontheupperand lowerleft-hand corners.Subtract

diagonallyacrossthesquarethesmallerfrom thelargerfigureandplacethe

remainders on the diagonallyopposite corners.The figures on the right-hand

cornersindicatetheratioinwhichthematerialsshouldbemixedtoobtainthe

desiredfatpercentage.

Thevalueonthetopright-handcornerrelatestothematerialonthetopleft-hand

cornerandthefigureonthebottom rightrelatestothematerialatthebottom left

corner.

Example1



Inthisexample,thefatcontentofwholemilkistobereducedto3.0%,usingskim

milkproducedfrom someofthewholemilk.UsingPearson'sSquare,itcanbeseen

thatforevery2.9litersofwholemilk,0.6litersofskim milkmustbeadded.

Example2

Howmuchskim milkcontaining0.1%fatisneededtoreducethepercentagefatin

200kgofcream from 34%to30%?

If29.9partsofcream require4partsofskim milk,200partsofcream requirex

partsofskim milk.

Weightofskim milkneeded=x=(200×4)/29.9=26.75kg

Example3



Thefatcontentof300kgofwholemilkmustbereducedfrom 4.2% to3% using

skim milkcontaining0.2%fat.

Every4.0kgofthemixturewillcontain2.8kgofwholemilkand1.2kgofskim milk.

If2.8kgofwholemilkrequires1.2kgskim milk,300kgofwholemilkrequires

(1.2×300)/2.8=128.6kgofskim milk

Thus,128.6kgofskim milk(0.2%fat)mustbeaddedto300kgofwholemilk(4.2%

fat)togive428.6kgofmilkcontaining3%fat.

Example4

Thefatcontentofmilkmustbereducedfrom 4.5to3%priortosaleasliquidmilk

butskim milkforstandardizationisnotavailable.

Inthiscase,wemustcalculate(a)whatproportionofthemilkmustbeseparatedto

provideenoughskim milktostandardizetheremainingwholemilkand(b)the

expectedyieldofcream.

Assumethatthefatcontentof100kgofmilkcontaining4.5% milkfatmustbe

reducedto

3%.Theamountofcream toberemovedcanbecalculatedasfollows:

LetM =weightofmilktobestandardizedinthisexample,100kg.ThereforeM =

100

Fm =fatcontentoftheoriginalmilk=4.5

C=weightofcream

Fc=fatcontentofthecream =35

SM =weightofstandardizedmilk

Fsm =fatcontentofthestandardizedmilk=3.0

Sincethemilkisseparatedintocream andstandardizedmilk



SM +C=M

(1)OrSM +C=100

Therearenofatlosses;therefore,theweightoffatintheoriginalmilkwillbeequal

totheweightoffatinthestandardizedmilkandcream.

(Weightoffatinaproductistheweightofproduct×%fat/100)Therefore(SM ×

Fsm)/100+(C×Fc)/100=(M ×Fm)/100

Or(3×SM)/100+(35×C)/100=(100×4.5)/100(2)Or0.03SM +0.35C=4.5

Equations(1)and(2)givetwoequationswithtwounknowns,sotheycanbesolved

asfollows:

(1)SM +C=100

(3)Or0.03SM +0.03C=3

Subtracting(3)from (2)0.32C=1.5, C=4.6875,=4.7correctedtoonedecimal

place



Theweightofcream isthus4.7kg.Therefore,theweightofstandardizedmilkis

95.3kg.

Answercheck

Theoriginalmilkcontained4.5kgoffat.Thecream contains(4.7×35)/100=1.645

kgoffatTherefore4.5-1.645=2.855kgoffatinthestandardizedmilk.Thefat

percentageofthestandardizedmilkis(2.855×100)/95.3=3%

ThecalculationcanalsobemadeusingPearson'sSquare.Thisisessentiallya

reversestandardization,i.e."how much cream containing35% fat and milk

containing 3% fatshould be mixed to getmilk containing 4.5% fat?"is

mathematicallythe same as "how much cream containing 35% fatmustbe

removedfrom milkcontaining4.5%fattostandardizethemilkto3%fatcontent?"

1.Placethefatcontentofwholemilkinthecenter.

2.Placethefatcontentofcream onthetopleft-handcorner.

3.Placethedesiredfatcontentofthestandardizedmilkonthebottom left-hand

corner.

4.Forevery32partsofwholemilk,thereare1.5partsofcream toberemovedand

30.5partsofstandardizedmilk.

ThereforeWC=(1.5)/32×100=4.6875=4.7

Wsm =Wm -Wc=95.3

TheWsm andfattoberemovedcanbecalculatedinanumberofways.Whatever

method isused to calculatetheamountofcream to beremoved,itisthen

necessarytocalculatetheamountofmilktobeseparatedtoachievethedesired

reductioninfatcontent.

Wm ×Fm =Wc×Fc

ThereforeWm ×4.5=4.7×35

AndWm =(4.7×35)/4.5=36

Therefore,36.5kgofmilkareseparatedandtheskim milkisthencombinedwith

theremainingwholemilk.



Standardizationsuchasthiscanbeusedtoincreaseincomefrom milkproduction

asfollows:

Assumeliquidmilkpriceof70cents/kgAssumebutterpriceofEB*10/kgIncome

from 100kgofmilk=EB70

Incomefrom 95.3kgofmilk=66.71

Fatremoved=WC×Fc=4.7×0.35=1.645

Expectedbutteryield=1.9kg

Incomefrom butter=EB19

Totalincome=EB85.76

Margin=EB15.76/100kgofmilk

*EB=Ethiopianbirr(US$1=EB2.07)

ManufacturingofDairyProducts

Butterfatcanberecoveredfrom milkandconvertedtoanumberofproducts,the

mostcommonofwhichisbutter.Butterisanemulsionofwaterinoilandhasthe

followingapproximatecomposition:

Fat 80%

Moisture 16%

Salt 2%

MilkSNF 2%

Ingoodbutterthemoistureisevenlydispersedthroughoutthebutterintinydroplets.

Inmostdairyingcountrieslegislationdefinesthecompositionofbutter;andbutter

makersconform tothesestandardsinsofarasispossible.

Buttercanbemadefrom eitherwholemilkorcream.However,itismoreefficientto

makebutterfrom cream thanfrom wholemilk.

Butter-makingtheory

Tomakebutter,milkorcream isagitatedvigorouslyatatemperatureatwhichthe

milkfatispartlysoldandpartlyliquid.Churningefficiencyismeasuredintermsof

thetimerequiredtoproducebuttergranulesandbythelossoffatinthebuttermilk.

Efficiencyisinfluencedmarkedlybychurningtemperatureandbytheacidityofthe

milkorcream.

Inchurning,cream isagitatedinapartlyfilledchamber.Thisincorporatesalarge



amountofairintothecream asbubbles.Theresultantwhippedcream occupiesa

largervolumethantheoriginalcream.Asagitationcontinuesthewhippedcream

becomescoarser.Eventuallythefatformssemi-solidbuttergranules,whichrapidly

increaseinsizeandseparatesharplyfrom theliquidbuttermilk.Theremainderof

thebutter-makingprocessconsistsofremovingthebuttermilk,kneadingthebutter

granulesintoacoherentmassandadjustingthewaterandsaltcontentstothe

levelsdesired.

Theoryofthemechanism ofchurning

Inconsideringthemechanism ofchurningthefollowingfactorsmustbetakeninto

account:

 Thefunctionofair;

 Thereleaseofstabilizingmaterialfrom thefatglobulesurfaceintothebuttermilk;

 Thedifferencesinstructurebetweenbutterandcream;and

 Thetemperaturedependenceoftheprocess.

Air is thought to be necessary for the process,but some workers have

demonstratedthatmilkorcream canbechurnedintheabsenceofair,althoughit

takeslonger.

Aboutonehalfofthestabilizingmaterialisliberatedintothebuttermilkduring

churning.Itisthoughtthatduringchurningthefatglobulemembranesubstance

spreadsoutoverthesurfaceoftheairbubbles,partlydenudingtheglobulesoftheir

protectivelayer,andthataliquidportionofthefatexudesfrom theglobuleand

partlyorentirelycoverstheglobule,renderingithydrophobic.Inthisconditionthe

globulestendtosticktotheairbubbles.Freefatdestabilasesthefoam,causingit

tocollapse.Thepartlydestabilizedglobulesclingingtotheairbubblesthuscollect

inclusterscementedtogetherbyfreefat.Theseclustersappearasbuttergrains.

Churningcream

Cream preparedbygravitationalormechanicalseparationcanbeused.Goodbutter

canbemadeinanytypeofchurnprovideditiscleanandingoodrepair.

Churnpreparation

Thechurnispreparedbyrinsingwithcoldwater,scrubbingwithsaltandrinsing

againwithcoldwater.Alternatively,itcanbescaldedwithwaterat80°C.Afterthe

butterhasbeenremoved,thechurnshouldbewashedwellwithwarm water,

scaldedwithboilingwaterandlefttoair.Whennotinusewoodenchurnsshouldbe

soakedoccasionallywithwater.A new churnshouldfirstbewashedwithtepid

water,scrubbedwithsaltandthenwashedwithhotwateruntilthewatercomes

awayclear.Ahotsolutionofsaltshouldthenbeallowedtostandinthechurnfora



shorttime.Afterrinsingagainwithhotwater,thechurnshouldbelefttoairforat

leastonedaybeforebeingused.

Churningtemperature

Thetemperatureofthecream duringchurningisofgreatimportance.Iftoocool,

butterformationisdelayedandthegrainissmallanddifficulttohandle.Ifthe

temperatureistoohigh,theyieldofbutterwillbelow,becausealargeproportionof

thefatwillremaininthebuttermilk,andthebutterwillbespongyandofpoorquality.

Cream shouldbechurnedat

10-12°Cinthehotseasonandat14-17°Cinthecoldseason.Thetemperaturemay

beraisedbystandingthevesselcontainingthecream inhotwater,ormaybe

loweredbystandingthevesselincoldspringwaterforafew hoursbeforethe

cream ischurned.Thechurningtemperaturemayalsobeadjustedbythewater

usedtodilutethecream.Inthehotseason,thecoldestwateravailableshouldbe

used,preferablywaterthathasbeenstoredinarefrigerator.

Theamountofcream tobechurnedshouldnotexceedonehalfthevolumetric

capacityofthechurn.Anairtightchurnshouldbeventilatedfrequentlyduringthe

first10minutesofchurningtoreleasegasesdrivenoutofsolutionbytheagitation.

Ifbutterisslowinforming,addingalittlewaterwhichiswarmerthanthechurning

temperature,butneverover25°C,usuallycausesittoform morequickly.Whenthe

butterappearslikewetmaizemeal,water(1literper4litersofcream)at2°Cbelow

thechurningtemperatureshouldbeadded.Itmaybenecessarytoaddwatera

secondtimetomaintainbuttergrainsoftherequiredsize.Churningshouldcease

whenthebuttergrainsareaslargeassmallwheatgrains.

Washingthebutter

Whenthedesiredgrainsizeisobtained,thebuttermilkisdrainedoffandthebutter

washedseveraltimesinthechurn.Eachwashingisdonebyaddingonlyasmuch

waterasisneededtofloatthebutterandthenturningthechurnafewtimes.The

wateristhendrainedoff:Asageneralruletwowashingswillsufficebutinveryhot

weatherthreemaybenecessarybeforethewatercomesawayclear.Inthehot

seasonthecoldestwateravailableshouldbeusedforwashing,andinthecold

seasonwaterabout2to3°Ccolderthanthechurningtemperatureshouldbeused.

Salting,workingandpackingthebutter

Equipmentforworkingmayconsistofabutterworkeroratuborkeeler.Good-

qualityspatulasareimportant,andasieveandscoopfacilitatetheremovalof

butterfrom thechurn.Thisequipmentmustbeclean(refertomethodofcleansing

andpreparingachurn).Thebutterisspreadontheworker,whichhasbeensoaked



previouslyywithwaterofthesametemperatureasthewashingwater.Ifsalted

butterisrequired,thebuttershouldbesaltedbeforeworkingatarateof16g

salt/kgoraccordingtotaste.Thesaltusedshouldbedryandevenlygroundandof

thebestqualityavailable.

Thebutteristheneitherrolledout8to10timesorridgedwiththespatulasto

removeexcessmoisture.Ifthebutteristobeheavilysalted,itmustbeworked

moreinproportiontotheamountofsaltused,asunevendistributionofthesalt

causesunevencolor.Thebuttershouldbeworkeduntilitseemsdryandsolid,butit

mustnotbeworkedtoomuchoritwillbecomegreasyandstreaky.

Thebutteristhenweighedandpackedforstorage.Itshouldbepackedinpolythene

-linedwoodenorcardboardcartonsandstoredinacool,dryplace.Thebutter

shouldbefirm andofuniform color.

Washingthechurnandbutter-makingequipmentafteruse

Thechurnandbutter-makingequipmentshouldbewashedassoonaspossible,

preferablywhilethewoodisstilldamp.

Churn:Washtheinsideofthechurnthoroughlywithhotwater.Invertthechurnwith

thelidoninordertocleantheventilator;thisshouldbepressedafewtimeswiththe

backofascrubbingbrushtoallow watertopassthrough.(N.B.Theventilator

shouldbedismantledoccasionallyforcompletecleansing.)

Removetherubberbandfrom thelidandscrubthegroove.Scaldtheinsideofthe

churnwithboilingwater.Thisstepisveryimportant.Invertandleavetoair.Drythe

outsideandtreatsteelpartswithVaselinetopreventrusting.Therubberband

shouldnotbeplacedinboilingwater;dippinginwarm waterissufficient.

Butterworker/keeler:Placethesieve,scoopandspadesonthebutterworkeror

keeler.Pourhotwateroverallofthem andscrubwelltoremovealltracesofgrease.

Scaldwithboilingwaterandleavetoair.Treatthesteelpartofthebutterworker

withVaselinetopreventrusting.

Storageofbutter

Surplusgood-qualitybuttercanbestored,butshouldcontainmoresaltthanusual

atleast

30g/kg.Low moisturecontentisdesirable.Thebuttermustbepackedinclean

containers,suchasseasonedboxesorglazedcrocks,andstoredinacoldroom or

inacold,airyplace.Ifaboxisused,itshouldbelinedwithgood-qualitypolythene.

Thecontainershouldbefilledtocapacityfrom onechurning.Themorefirmlybutter

ispacked,thebetter;itmaybecoveredwithalayerofsalt,butthisisnotessential.



Thecontainershouldbesecurelycoveredwithalidorasheetofstrongpaper.

Overrunandproduceinbutter-making

Overrun

Anenterpriseengagedinbutter-makingmustbeabletomeasuretheefficiencyof

theprocess,i.e. bymeasuringtheyieldofbutterfrom thebutterfatpurchased.

First,thetheoreticalyieldofbutterhastobeestimated.Buttercontainsanaverage

of80% butterfat.Thus,forevery80kgofbutterfatpurchased100kgofbutter

shouldbeproduced,orforevery100kgofbutterfatpurchased125kgofbutter

shouldbeproduced.

Thedifferencebetweenthenumberofkilogramsofbutterfatchurnedandthe

numberofkilogramsofbuttermadeisknownastheoverrun.Thisdifferenceisdue

tothefactthatbuttercontainsnon-fattyconstituentssuchasmoisture,salt,curd

andsmallamountsoflacticacidandashinadditiontobutterfat.

Theoverrunisfinanciallyimportanttothedairyindustryandconstitutesthemargin

betweenthepurchasepriceofbutterfatandthesalepriceofbutter.Thedairyunit

dependslargelyonoverruntocovermanufacturingcostsandtodefrayexpenses

incurredinthepurchaseofmilk.

Asstatedabove,themaximum legitimateoverrunis25%.Incommercialoperation,

however,itisnotpossibletoestablishthedegreeofaccuracythatisassumedin

thecalculationoftheoreticaloverrun,andtheactualoverrunshowsthedifference

betweentheamountofbutterchurnedoutandtheamountofbutterfatbought.

Overrunisaffectedby:Accuracyofweighingmilkreceived.

Accuracyofsamplingandtestingmilkforfat.1

Notes:

1Theneedforcarewhensamplingmilkisreferredtointhesectiondealingwith

butterfattesting.Forexample,ifcarelesssamplingandtestingresultsinareading

of3.6%butterfatagainstanactualcontentof3.2%butterfat,whatwillbetheeffect

ontheoverrunfrom 100kgofmilk?

Fatpaidfor=100×0.036=3.6kgofbutterfat.

Maximum theoreticalyieldofbutter=3.6×1.25kg=4.5kg

Fatreceived=100×0.032=3.2kg

Maximum theoreticalyield=3.2×1.25=4kg

OuroverrunthereforeisButtermade=4kgButterfatpaidfor=3.6kg

Overrun=4/3.6=1.11=11%.



Thus,carelessnessatthetestingstagecanresultinseriousmanufacturinglosses.

Lossesatanystageintheprocessshouldbeavoided.Ifoverrunislow,eachstepof

theprocessshouldbecheckedcarefullyinordertotracetheloss.

Butterquality

Butterqualitycanbediscussedundertwomainheadings:

 Compositionalquality,

 Organolepticquality

Thecompositionalqualityofbuttercanbefurtherdividedintotwosubsections:

 Chemicalcomposition

 Bacteriologicalcomposition

Compositionalquality

Thechemicalcompositionofbutterisdeterminedattheprocessingstagewhenthe

salt,moisture,curdandfatcontentsoftheproductareregulated.Oncethese

parameters have been setthere is little one can do to change them.The

microbiologicalqualityofbutterisalso determined during theproductionand

processingstages.

Chemicalcompositionaffectsbutteryield,whilebutterofpoormicrobiological

qualitywilldeterioraterapidlyandbecomeunacceptabletoconsumers.Thebutter

mayalsocontainpathogens.Cleanlinessatallstagesofproductionis,therefore,

essential.

Organolepticquality

Theorganolepticqualityofbuttercanbedescribedasthecustomer'sreactiontoits

color,textureandflavor.Ithasbeensaidthattheconsumertasteswithhisorher

eyes,anditistruethataperson'sinitialimpressionofafoodwilloftendetermine

whetherornotheorshewillbuyit.Itisimportant,therefore,toproducebutterthat

hasanevencolor,cleanflavorandclosetexture.Itisalsoimportantthatitbefree

from defectssuchasloosemoisture.Itshouldbepackedattractively,bothto

attractcustomerattentionandtoretainitsquality.

Butterproducedcarelesslyandwithouttheuseofpreservativeshasaveryshort

shelflife.Preservationofbutterqualitycanassistthesmallholderintwoways:

 Thelessperishabletheproductthelongerthesmallholdercanretainittoobtaina



goodprice.

 He orshe can store the surplus made during the production season for

consumptionduringtheseasoninwhichheorshecannotproducebutter.

Thefirststeptheproducercantaketoensureahigh-qualityproductistomakeitin

aclean,hygienicmanner.

Thisresultsinfewerspoilageorganismsbeingpresentinthebutter.Anotherstepis

totakecareinthehandlingandstorageofthebutter.

The use ofpermitted preservatives is by farthe mosteffective means of

maintainingbutterqualitywhenusedinconjunctionwiththeaboveprecautions.

Saltsodium chlorideisanexcellentpreservative,andsaltingbutterto3%extends

itsstoragelife:saltedbuttercanbestoredforupto4monthswithoutsignificant

deterioration.Asaltconcentrationinexcessof3% giveslittleadvantageandcan

adverselyaffecttheflavorofthebutter.



Asidefrom theinfluenceofsaltontheflavorandkeepingqualityofthebutter,adding

saltisofeconomicimportanceasitincreasesoverrun.

Addingsalttobutterdisturbstheequilibrium oftheemulsion(thebutter).This,inturn,

changesthecharacterofthebodyandaltersitscolor.Unlessthebutterissubjected

tosufficientworkingtoregaintheoriginalequilibrium oftheemulsion,itwilltendto

haveacoarse,leakybodyandunevencolor.

Saltisaddedtobuttermostcommonlyusingthedry-saltingmethod,inwhichdrysalt

issprinkledevenlyoverthebutterandworkedin.

Buttermustbeadequatelyworkedifitistobestoredforalongtime.First,working

distributesthesaltuniformlyinthemoistureandthishelpsinhibitmicrobialgrowth.

Secondly,itdistributesthesaltsolutionintomanytinydropletsratherthanfewerlarge

ones.Foragivenlevelofmicrobialcontamination,themicrobeswillbemoreisolated

insmalldropletsandwillhavelessofthebutter'snutrientsavailabletothem for

growth.

Aftersalting,thebuttershouldbestoredinacleancontainer,andthecontainersealed.

Itshouldthenbestoredinacool,darkplace.

Ghee,butteroilanddrybutterfat

Theseproductsarealmostentirelybutterfatandcontainpracticallynowaterormilk

SNF.Ghee ismade in eastern tropicalcountries,usuallyfrom buffalo milk.An

identicalproductcalledsamnismadeinSudan.Muchofthetypicalflavourcomes

from theburnedmilkSNFremainingintheproduct.Butteroiloranhydrousmilkfatis

arefinedproductmadebycentrifugingmeltedbutterorbyseparatingmilkfatfrom

high-fatcream.

Gheeisamoreconvenientproductthanbutterinthetropicsbecauseitkeepsbetter

underwarm conditions.Ithaslow moistureandmilkSNFcontents,whichinhibits

bacterialgrowth.

Milkorcream ischurnedasdescribedinthesectionsdealingwithchurningofwhole

milkorcream.Whenenoughbutterhasbeenaccumulateditisplacedinanironpan

andthewaterevaporatedataconstantrateofboiling.Overheatingmustbeavoided

asitburnsthecurdandimpairstheflavour.Eventuallyascum formsonthesurface:

thiscanberemovedusingaperforatedladle.Whenallthemoisturehasevaporated

thecaseinbeginstochar,indicatingthattheprocessiscomplete.Thegheecanthen

bepouredintoanearthenwarejarforstorage.

AconsiderableamountofmoistureandmilkSNFcanberemovedpriortoboilingby

meltingthebutterinhotwater(80°C)andseparatingthefatlayer.Thefatcanbe

separatedeitherbygravityorusingahandseparator.Thefatphaseyieldsaproduct



containing1.5%moistureandlittlefatislostintheaqueousphase.

Alternatively,themixturecanbeallowedtosettleinavesselsimilartothatusedinthe

deep-setting method forseparating whole milk.Once the fathas solidified the

aqueousphaseisdrained.Thefatisthenremovedandheatedtoevaporateresidual

moisture.Productsmadeusingthesemethodsexhibitedexcellentkeepingqualities

overa5-monthtestperiod.

Cheese-making

Cheeseisaconcentrateofthemilkconstituents,mainlyfat,caseinandinsolublesalts,

togetherwithwaterinwhichsmallamountsofsolublesalts,lactoseandalbuminare

found.Toretaintheseconstituentsinconcentratedform,milkiscoagulatedbydirect

acidification,bylacticacidproducedbybacteria,byaddingrennet,oracombination

ofacidificationandadditionofrennet.

Rennetcoagulationtheory

Rennet,aproteolyticenzymeextractedfrom theabomasum ofsucklingcalves,was

traditionallyusedforcoagulatingmilk.Originally,theabomasum wasitselfimmersed

inmilk.Theextractionofrennetthatcouldbestoredasaliquidwasthefirststep

towardsrefiningthisprocedure.

Thiswasfollowedbypurificationandconcentrationoftheenzyme.Thepurified

enzymewasoriginallycalledrennin,andisnowcalledchymosin.

Onweaning,thechymosinofthesucklingcalfisreplacedbybovinepepsin.Withthe

decreaseinthepracticeofslaughteringcalves,chymosinbecamescarce,resultingin

asearchforchymosinsubstitutes. Rennetisageneralterm currentlyused to

describeavarietyofenzymesofanimal,plantormicrobialoriginusedtocoagulate

milkincheese-making.

Rennettransformsliquidmilkintoagel.Whiletheprocessisnotfullyunderstood,

rennetcoagulationisthoughttotakeplaceintwodistinctphases,thefirstofwhichis

regardedasbeingenzymatic,thesecondnon-enzymatic.Thefirst,orprimaryphase,

canbeillustratedas:

Water

Casein > paracasein+glycomacropeptide

Rennet

Sincek-caseinstabilisestheothercaseinsanditshydrolysisleadstothecoagulation



ofthecaseinfraction,theprimaryphasecanalsobeexpressedas:

water

ĸ-casein >paraĸ-casein+glycomacropeptide

rennet(insoluble) (soluble)

Theeffectofmilkcoagulantsontheothercaseinsisthoughttobenegligibleatthis

stage.Thesecond,orsecondary,phaseisthenon-enzymaticprecipitationofpara

caseinbycalcium ions.Paracasein,inassociationwiththecalcium ions,isthoughtto

producealatticestructurethroughoutthemilk.Thistrapsthefatand wheyis

graduallyexuded.Thecoagulum thencontracts,aprocessknownassyneresis.Thisis

acceleratedbyincreasingthetemperatureandreducingpHtoaslowaspH4.6.

Rennetalsohasatertiaryactiononmilkproteins.Thisoccursduringcheeseripening,

duringwhichrennethydrolysesmilkproteins.Ifthedesiredhydrolysisisnotobtained,

thecheesebecomesbitter.Whileawidevarietyofproteolyticenzymescoagulatemilk,

thetertiaryactionofmanyoftheseonmilkproteinscausesundesirableflavors’in

cheese,whichlimitstherangeofcoagulantsthatcanbeused.

Cheesevarieties

Manycheesevarietiesaremanufacturedaroundtheworldbuttheyareallbroadly

classifiedbyhardness(i.e.veryhard,hard,semi-softandsoft)accordingtotheir

moisturecontent.

Cheeseisusuallymadefrom cow’smilk,althoughseveralvarietiesaremadefrom the

milkofgoats,sheeporhorses.

Quesoblanco(Whitecheese)

QuesoblancoisaLatin-Americanfresh,whitecheese.Itisusuallymadefrom milk

containing3%fat,usinganorganicacid,withoutstarterorrennet.

Procedure

1.Takefreshwholemilkanddetermineitsfatcontent.Ifthefatcontentishigherthan

3%,standardiseusingskim milk.

2.Transferthestandardised milkto a cheesevat,preferablya double-jacketed

standardcheesevat,andheatto82°C.

3.Whilethe milkisbeing heated measureoutlemon juiceofpH about2.5 in a

measuringjar.About3mloflemonjuiceshouldbeaddedper100mlofmilk.

4.Dilutethelemonjuicewithanequalamountofclean,freshwater.



5.Whenthemilktemperaturereaches82°C,addthedilutedlemonjuicecarefullyand

uniformlywhilestirring. Forevendistributionofthejuice,addinthreeseparate

amounts.

6.Thecurdprecipitatesalmostimmediately.Continuetostirfor3minutesafteradding

thejuice,thenallowthecurdtosettlefor15minutes

7.Drainthewheythroughametalsieveorcheesecloth.

8.Whiledrainingthewhey,stirthecurdtopreventexcessmatting.

9.Distributeatotalofabout3.5to5kgofsaltto100kgcurd,inthreeapplications.

10.Prepareacylindricalorsquarehoopbyliningwithcheeseclothandscoopthesalted

curdsintoit.

11.Pressthecurdovernightatroom temperature.

12.Removethepressedcheeseandcutintoblocksof0.5or1kg.

QuesoBlancoismadewithoutstarterorrennet.Avarietyofacidulantscanbeused

foritsmanufacture.Heatingthemilkto82°Cpasteurizesthemilkanddenaturesthe

wheyproteins,sothattheyarerecoveredwiththecurd.

Thisincreasescheeseyield.Thecheesehasgoodkeepingqualityandisthussuitable

formanufactureinruralareas.Expectedyield:1kgofcheesefrom 8kgofmilk

(12.5%).

ManufacturingstepsforQuesoblancocheese.Halloumi

Halloumiisthecurd,formed bycoagulating wholemilkusing rennetorsimilar



enzymes,from whichpartofthemoisture(whey)hasbeenremovedbycutting

(bleeding),warmingandpressing.

Procedure

1.Heatthemilkto32-35°C.

2.Addrennetorasimilarenzymeaccordingtothemanufacturer'sdirections,while

stirringthemilk.

3.Holdthemilkat32-35°Cuntilthecurdsets.

4.Checkforsettingofthecurdbyapplyingpressuretotheedgeofthemilkwhereit

comesincontactwiththevat,usingaspatulaoraknifewitharoundtip.Ifthecurdis

setitcomesawaycleanfrom thewallofthevat.

5.Aftercoagulation,thecurdiscutinto3-5mm cubesusingverticalandhorizontal

knives.

6.Holdthecurdinwheyforabout20minutes,stirringgentlyandcontinuously,and

thenallowittosettle.

7. Drainthewheyandscoopoutthecurdintoahooplinedwithcheesecloth.Press

thecurd.

8.Whilethecurdisinthepress,heatthewheytoabout80-90°C.Thisprecipitatesthe

wheyproteins,whichcanthenberemovedandpressedtomakeawheycheese

(anari).

9. Takeoutthepressedcurd,cutitintopiecesof10×10×3cm andheatatabout

80°Cinhotwhey.Continueheatinguntilthepiecesofcurdfloatonthesurfaceofthe

wheyandbecomesoftandelastic.

10.Removethepiecesofcurdwhenstillwarm andeitherpressinthehands,foldedor

unfoldedand rub in a little drysalt mixed with dried leaves ofMentha

viridis(spearmint).

11.Whenthepiecesarecold,putthem incontainersfilledwithcool,boiledwheybrine

andstoreinacoolplacetoripenforabout30days.

12.Afterripeningputinanairtightcontainerandstoreinarefrigeratoratlessthan

12°C.Thecheesewillkeepforseveralmonthsundertheseconditions.Halloumi

cheeseisbestafter40daysbutcanalsobeconsumedjustaftermanufacture.

Note:15%saltconcentrationinwheybrineisnormallyused.Expectedyield:1kgof

cheesefrom 9kgofmilk(11%).



ManufacturingstepsforHalloumicheese.Domiati-Gybnabeyda

KnownasDomiatiinEgyptandGybnabeydainSudan,thisisahard,whitecheese.



Procedure

1.Heatfreshmilkto35°Candaddenoughsalttogive7to10%saltsolutioninthemilk.

2.Addenoughrennettocoagulatethemilkin4to6hours.

3.Onceset,transferthecoagulum towoodenmouldslinedwithmuslin.

4.Allowthewheytodrainovernight.

5.Onthefollowingday,packthecheeseintinsandfilltheinterspaceswithwhey.

6.Sealthetinsbysoldering.

Notes:1and2.Insomearea’srennetisaddedbeforesalting.Inthisprocedure,saltis

notaddeduntilacoagulum hasformed.Ifsaltisaddedbeforerennetitisnotadvisable

toaddmorerennettoshortenthecoagulationtime,asthisreducesthequalityofthe

cheese.

7.Wheyexpulsioncontinuesduringstorageandthecheesehardens.

Expectedyield:1kgofcheesefrom 7kgofmilk(15%).

ManufacturingstepsforDomiati/Gybnabeydacheese.

Feta

Thisisabrine-pickledcheese.Itcanbemadefrom milkofcows,sheeporgoats.Feta

can bemadewithoutstarterand can also bemadefrom standardized milk.The

proceduredescribedhereisforthemanufactureofafeta-typecheesewithoutstarteror

additives.

Procedure

1.Standardizethemilkto3%fat,heattoabout32°Candallowtoripenforonehourbefore



addingrennet.



2.Addcommercialrennetattherateof25ml/100litersofmilk.Leavethemilk

untilafirm clothasformedthisusuallytakes40to50minutes.

3.Cutthecurdinto2-to3-cm cubestofacilitatewheydrainage.Allow15minutes

forthewheytoseparate.Stirintermittentlyduringthistime.

4.Allowthecurdstosettleanddecantthesupernatantwhey.

5.Transferthecurdsandsomewheytocheesemouldslinedwithmuslin.Placethe

lidonthemouldandinvertathalf-hourlyintervalsinthefirstfewhourstofacilitate

wheydrainage.

6.Allowthecurdtosettleovernight.

7.Onthefollowingday,cutthecurdmassintoblocksofsuitablesizeandsprinkle

them withsalt.

8.Placethesaltedblocksina15%brinesolutiontogive6-8%saltinthecheeseat

equilibrium.

The high saltconcentration retards bacterialactivity.However,airshould be

excludedfrom thebriningcontainertopreventthegrowthofmoulds.

Fetacheesecanbeeatenafterafewdaysorcanbestoredforlongperiodsinthe

brine,providedthatairisexcluded.Thecheesedevelopsasoft,crumblytexture

duringripening.Expectedyield:1kgofcheesefrom 9kgofmilk(11%).



ManufacturingstepsforFetacheese.

5.8.1.Cheeseyield

Incheese-making,themilkfatandcaseinarerecoveredwithsomemoisture.The

yieldofcheese can be expressed in kilograms ofcheese obtained per100



kilograms ofmilkprocessed.Cheeseyieldisinfluencedbymilkcomposition,the

moisturecontentofthefinalcheeseandthedegreeofrecoveryoffatandproteinin

thecurdduringcheese-making.

Milklowintotalsolidswillgivealowcheeseyield,whilemilkhighintotalsolidswill

giveahighcheeseyield.Inordertopredictthetheoreticalyieldofcheese,thefat

andcaseincontentofthemilkmustbeknown.Becauseofdifficultiesencountered

inestimatingcaseincontent,thefollowingformulaisoftenusedtoestimatecheese

yield:

(2.3×fat%)+1.4=cheeseyield(kg/100kgmilk)

Therefore,withmilkcontaining4%fattheexpectedyieldwouldbe:(2.3×4)+1.4=

10.6kg/100kgmilk

ThisformulagivesanestimateofcheeseyieldandisappliedmostoftentoCheddar

cheese.Itisusefulasanimmediatecheckonefficiency,butauniversalyieldfactor

forcheesevarietiesisunrealistic.

Iftheyieldofcheeseislessthanexpected,thefollowingchecksshouldbemade:

o Weighandrecordmilkreceived.

o Sampleandanalyzemilkreceived.

o Weigh,storeandrecordcheesemade.

o Sampleandanalyzewhey.

Thefatcontentofwheyshouldbeanalyzedforeachbatchofcheesemade.In

estimatingtheprofitabilityofcheese-makingenterprises,anaverageannualyieldof

9.5%,i.e.9.5kgofcheeseper100kgofmilk,isused.

Milkstandardizationmaybeusedtoincreasecheeseyield,particularlywithhigh-fat

milk.Standardization also givesagood return forskim milk. However,over-

standardizingresultsincoarse-texturedcheesewithpoorflavor.

Highmoisturecontentincreasescheeseyield,butreduceskeepingquality.Cheese

losesmoistureduringstorageifitisnotproperlywrapped,thusreducingcheese

yield.Waxingreducesmoistureloss,asdoesstoringthecheeseinbrine.

Milkfermentations

Raw milkproducedundernormalconditionsdevelopsacidity.Ithaslongbeen

recognizedthathighlyacidmilkdoesnotputrefy. Therefore,allowingmilkto

developaciditynaturallypreservestheothermilkconstituents.

Bacteriainmilkareresponsibleforaciddevelopment.Theyproduceacidbythe

anaerobicbreakdownofmilkcarbohydrate-lactose-tolacticacidandotherorganic

acids.Anaerobicbreakdownofcarbohydratetoorganicacidsoralcoholsiscalled

fermentation. Pyruvicacidformationisanintermediatestepcommontomost



carbohydratefermentations:

C6H1206------->2CH3.CO.COOH

However,fermentationsareusuallydescribedbyanidentifiableendproductsuch

aslacticacidorethylalcoholandcarbondioxide.Anumberofsugarfermentations

arerecognizedinmilk.Theycanbeeitherhomofermentative,withoneendproduct,

orheterofermentative,withmorethanoneendproduct.

Outlineoffourimportantlactosefermentations.

Organismsresponsible:

1.StreptococciandLactobacilli.

2.Propionibacteria.

3.Yeasts-CandidaandTorula.

4.Coliform bacteria.

Thelacticacidfermentationisthemostimportantoneinmilkandiscentralto

manyprocesses.Propionicfermentationismixed-acidfermentationandisusedin

themanufactureofSwisscheesevarieties.Alcoholfermentationcanbeusedto

preparecertainfermentedmilksandalsotomakeethylalcoholfrom whey.

Thecoliform gassyfermentationisanexampleofspoilagefermentation.Large

numbersofcoliform bacteriainmilkindicatespoorhygiene.Thecoliform gassy

fermentationdisruptslacticacidfermentation,andalsocausesspoilageincheese.

Thefactorsthataffectmicrobialgrowthalsoaffectmilkfermentation.Fermentation



rateswillgenerallyparallelthemicrobialgrowthcurveuptothestationaryphase.

Thetypeoffermentationobtainedwilldependonthenumbersandtypesofbacteria

in the milk,storage temperature and the presence orabsence ofinhibitory

substances.

Thedesiredfermentationscanbeobtainedbytemperaturemanipulationorby

addingaselectedcultureofmicro-organisms-starter-topasteurisedorsterilised

milk.Insmallholdermilkprocessing,tracesofmilkfrom previousbatchesareoften

used to provide s̀tarter'forsubsequentbatches. Othersources include the

containerandadditivessuchascerealgrains.

Thefermentationwillbeestablishedoncetheorganismsdominatethemedium and

willcontinueuntileitherthesubstrateisdepletedortheendproductaccumulates.

Inmilk,accumulationofendproductusuallyarreststhefermentation.Forexample,

accumulationoflacticacidreducesmilkpHtobelow4.5,whichinhibitsthegrowth

ofmostmicro-organisms,includinglactic-acidproducers.Thefermentationthen

slowsandfinallystops.Fermentedmilksarewholesomefoodsandmanyhave

medicinalpropertiesattributedtothem.

Fermentedmilks

The types offermented milk discussed here are those made by controlled

fermentation.Thisisachievedbyestablishingthedesiredmicro-organisms inthe

milkandbymaintainingthemilkatatemperaturefavourabletothefermentative

organism.

Avarietyoffermentedmilksaremade,eachditheringmarkedlyfrom theother.



Flowdiagram offermentedmilkmanufacture.Standardization

OccasionallysomefatisremovedormilkSNFadded.Insomeinstances,the

removalofmoistureduringheatingincreasestheproportionofsolidsinthefinal

product.

Heating

Milkisheatedtokillpathogensandspoilageorganismsandtoprovideacleaner

medium inwhichthedesiredmicro-organismscanbeestablished.Heatingalso

removesairfrom themilk,resulting in a morefavorableenvironmentforthe

fermentativeorganisms,anddenaturesthewheyproteins,whichincreasesthe

viscosityoftheproduct.

Afterheating,themilkmustbecooledbeforeitisinoculatedwithstarter,otherwise

thestarterorganismswillalsobekilled.

Inoculationwithstarter

Starteristheterm usedtodescribethemicrobialculturethatisusedtoproducethe

desiredfermentationandtoflavortheproduct.Whenpreparingthestarter,care

mustbetakentoavoidcontaminationwithothermicro-organisms.Companiesthat

supplystarterculturesdetailtheprecautionsnecessary.Careshouldalsobetaken

toavoidcontaminationwheninoculatingthemilkwithstarter.



Product Milk Standardis
e

Sterilise Starter

Incubation

temperatur

e

Incubation

Time

Yoghurt Cows Optional

95°C

30min.

S.

thermophilu

sL.

bulgarian

37°C 4-6hours

Acidophilu

smilk Cows Optional

120°C

20min

L.acidophilus38°C 18-24hours

Kefir

Cows

Ewes

Goats

Mare

s

-

85°C 30

min Kefirgrains* 22°C 12hours

Incubation

Afterinoculationthemilkisincubatedattheoptimum temperatureforthegrowthof

thestarterorganism.Incubationiscontinueduntilthefermentationiscomplete,at

whichtimetheproductiscooled.Additivesmaybeaddedatthisstageandthe

productpacked.Themanufacturingproceduresforanumberoffermentedmilks

aregiveninTable7.

Table7.Manufacturingproceduresforyoghurt,acidophilusmilkandkefir.

*Kefirgrainsareirregulargranulesinwhichbacteriaandyeastgrow.Whentheyare

introduced into the milk,the micro-organisms on the granules bring about

thefermentation.

Preparationofthefermentationvessel

Thefermentationvesselisfirstwashedtoremovevisibledirt.Itisthendriedand

smokedbyputtingburningembersofOleaafricana,wattleoracaciaintothevessel

andclosingthelid.Thevesselisthenshakenvigorouslyandthelidopenedto

releasethesmoke.Thisprocedureisrepeateduntiltheinsideofthevesselishot.

Smokingflavorstheproductandisalsothoughttocontrolthefermentationby

retardingbacterialgrowth.Whileitisknownthatsmokecontainscompoundsthat

retardbacterialgrowth,thepreciseeffectsofsmokingonfermentationhavenot

beeninvestigated.

Oncesmokingiscompletethevesselmaybecleanedwithaclothtoremove

charcoalparticles.However,insomeareasthecharcoalparticlesareretainedto

addcolortotheproduct.

Milktreatment



Insomeprocessesthemilkisboiledpriortofermentation.Itisthenallowedtocool

andthesurfacecream removed.Inotherprocessesthemilkisnotgivenanypre

fermentationtreatment.

Fermentation

Themilkisplacedinthesmokedvesselandallowedtofermentslowlyinacool

placeatatemperatureofabout16-18°C.Thefermentationisalmostcompleteafter

2days,butmaybecontinuedforafurther2days,bywhichtimetheflavorisfully

developed.Themilkmustfermentatlow temperature;otherwisefermentationis

toovigorous,withmuchwheyingoffandgasproduction.

Theproducthasastoragestabilityof15to20days.

Concentratedfermentedmilks

Concentratedfermentedmilksarepreparedbyremovingwheyfrom fermentedmilk

andaddingfreshmilktotheresidualmilkconstituents.Thefermentationvesselis

preparedasforfermentedmilk.Themilkisallowedtofermentinacoolplaceforup

to7days,duringwhichmilkmaybeaddeddaily.After7daysacoagulum has

formedandtheclearwheyisremoved.Freshmilkisthenaddedand,following

furtherfermentation,wheyisagainremoved.Inthiswaythecaseinandfatare

graduallyconcentratedinaproductofextendedkeepingquality.Theactualdegree

ofconcentrationdependsontheamountofwheyremovedandoffreshmilkadded.

Milk

Fat

Casein } Coagulum----->Stored
Wheyproteins------>Whey------->Fedtocalves

Sour-milktechnology

Smallholdermilkprocessingisbasedonsourmilk.Thisisduetoanumberof

reasons,including high ambienttemperatures,smalldaily quantities ofmilk,

consumerpreferenceandincreasedkeepingqualityofsourmilk.

Productsmadefrom sourmilkincludefermentedmilks,concentratedfermented

milks,butter,ghee,cottagecheeseandwhey.Otherproductsmadearecheeseand

productsmadebymixingfermentedmilkwithboiledcereals.

Theequipmentrequiredforprocessingsourmilkissimpleandisallavailablelocally.

Milkvesselscanbemadefrom clay,gourdsandwood,andcanbewovenfrom fibre,



suchasthegorfucontainerusedbytheBoranapastoralistsinEthiopia.

Makingbutterandcottagecheesefrom sourwholemilk

Productsandbyproductsofbutter-makingfrom sourwholemilk.

Butter-makingfrom sourwholemilk

ThisisaveryimportantprocessinmanypartsofAfrica.Smallholdersproduce1to

4litersofmilkperdayforprocessing.Undernormalstorageconditionsthemilk

becomessourin4to5hours.Thesouringofmilkhasanumberofadvantages.It

retards the growth ofundesirable microorganisms,such as pathogens and

putrefactivebacteria,andmakesthemilkeasiertochurn.

Milkforchurningisaccumulatedoverseveraldaysbyaddingfreshmilktothemilk

alreadyaccumulated. Thechurnholdsabout20litersandtheamountofmilk

churnedrangesfrom 4to10liters.Themilkisnormallyaccumulatedover2ormore

days.Butterismadebyagitatingthemilkuntilbuttergrainsform.Thechurnisthen

rotatedslowlyuntilthefatcoalescesintoacontinuousmass.Thebutterthus

formedistakenfrom thechurnandkneadedincoldwater.

Themilkisusuallyagitatedbyplacingthechurnonamatonthefloorandrollingit

toandfrom.Itcanalsobeagitatedbyshakingthechurnonthelaporhungfrom a



tripod.

Anumberoffactorsinfluencechurningtimeandrecoveryofbutterfatasbutter:

 Milkacidity

 Churningtemperature

 Degreeofagitation,and

 Extentoffillingthechurn

Effectofacidity:Freshmilkisdifficulttochurn:churningtimeislongandrecovery

ofbutterfatispoor.Milkcontainingatleast0.6% lacticacidiseasiertochurn.

Acidityhigherthan 0.6% doesnotsignificantlyinfluence churning time orfat

recovery.

Effectoftemperature*:Sourmilkisnormallychurned atbetween 15and26°C,

dependingonenvironmentaltemperature. Atlow temperatureschurningtimeis

long;butter-grainformationcantake5hoursorlonger.Aschurningtemperature

increaseschurningtimedecreases.Thisbecomesmarkedattemperaturesabove

20°C,butaslittleas

60%ofthebutterfatmayberecoveredasbutterat26°C.Controloftemperatureis

thereforecritical.

Itisdifficulttoisolatetheeffectsoftemperatureandacidityonchurningefficiency

becausewhilethemilkisripeningitisalsocoolingandthefatiscrystallizing.

Directacidificationoffreshmilkincreasesbutteryield,butallowingmilktodevelop

acidityduringaripeningperiodof2to3daysallowsconsiderablefatcrystallization.

Degreeofagitation:Increasingagitationreduceschurningtime.Fittinganagitator

to a traditionalchurn reduces churning time and increases butteryield.The

percentageoffat



recovered as butteris increased,with as little as 0.2% fatremaining in the

buttermilk.However,theprocessisverytemperature-dependentandchurningat

temperaturesabove

20°C resultsin shortchurning timeswith poorrecoveryoffat.Theoptimum

churningtemperatureisbetween17and19°C.

Extentoffillingthechurn:Churnsshouldbefilledtobetweenathirdandhalftheir

volumetriccapacity.Fillingtomorethanhalfthevolumetriccapacityincreases

churningtimeconsiderablybutdoesnotreducefatrecovery.

Thus,whenchurningwholemilk,thefollowingconditionsshouldbeadheredto:

 Milkacidityshouldbegreaterthan0.6%.

 Thetemperatureshouldberegulatedtoabout18°C.

Internalagitationshouldbeusedtoreducechurningtimeandincreasefatrecovery.

Thechurnshouldnotbefilledtomorethanhalfitsvolumetriccapacity.

Oncethefathasbeenrecovered,thesouredskim milkcontainscasein,whey

proteins,milksalts,lacticacid,lactose,theunrecoveredfatandsomefat-globule-

membraneconstituents.Defattedmilkissuitable,andisoftenused,fordirect

consumption.Itisalsousedtoinoculatefreshmilktoencourageaciddevelopment.

Cottagecheese

Thecaseinandsomeoftheunrecoveredfatinskim milkcanbeheat-precipitated

ascottagecheese,knowninEthiopiaasAyib.

Thedefattedmilkisheatedtoabout50°Cuntildistinctcurdmassforms.Itisthen

allowedtocoolgraduallyandthecurdisladledout.Alternatively,thecurdcanbe

recoveredbyfilteringthecooledmixturethroughamuslincloth.Thisfacilitates

morecompleterecoveryofthecurd and also allowsmoreeffectivemoisture

removal.Temperature can be varied between 40 and 70°C withoutmarkedly

affectingproductcompositionandyield.Heattreatmentsbetween70and90°Cdo

notappeartoaffectyieldbutgivetheproductacookedflavor.

The wheycontains about0.75% protein,indicating near-complete recoveryof

casein.Wheycanbeconsumedbyhumansorfedtoanimals.Thecottagecheese

comprises79.5% water,14.7% protein,1.8% fat,0.9% ashand3.1% solublemilk

constituents.Ithasashortshelf-lifebecauseofitshighmoisturecontent.



Shelf-lifecanbeincreasedbyaddingsaltorbyreducingthemoisturecontentofthe

cheese.Storingtheproductinanair-tightcontaineralsoextendsstoragelife.

Equipment:Skim milkcanbeheatedinanysuitablysizedvesselthatisableto

withstandheat.Heatingcanbedirectorindirect.Aladleormuslinclothcanbeused

forproductrecovery.

Expectedyield:Theyielddependsonmilkcompositionandonthemoisturecontent

oftheproduct,butshouldbeatleast1kgofcottagecheesefrom 8litersofmilk

(12.5%).

Milkandmilkproductqualitymeasurement

Goodqualityrawmilkhastobefreeofdebrisandsediment;freeoff–flavorsand
abnormalcolorandodor,lowinbacterialcount;freeofchemicals(e.g.,antibiotics,
detergents);andofnormalcompositionandacidity.Thequalityofraw milkisthe
primaryfactordeterminingthequalityofmilkproducts.Goodqualitymilkproducts
canbeproducedonlyfrom goodqualityrawmilk.

Thehygienicqualityofmilkisofcrucialimportanceinproducingmilkandmilk
productsthataresafeandsuitablefortheirintendeduses.Toachievethisquality,
goodhygienepracticesshouldbeappliedthroughoutthedairychain.Amongthe
causesofsmall-scaledairyproducers’difficultiesinproducinghygienicproducts
areinformalandunregulatedmarketing,handlingandprocessingofdairyproducts;
lackoffinancialincentivesforqualityimprovement;andinsufficientknowledgeand
skillsinhygienicpractices.

Milktestingandqualitycontrolshouldbecarriedoutatallstagesofthedairychain.
Milkcanbetestedfor:

 Quantity:-measuredinvolumeorweight;

 Organolepticcharacteristics:-appearance,tasteandsmell;

 Compositionalcharacteristics:-especiallyfat,solidandproteincontents;

 Physicalandchemicalcharacteristics;

 Hygieniccharacteristics:-hygienicconditions,cleanlinessandquality

 Adulteration:-withwater,preservatives,addedsolids,etc.;

 Drugresidues.

Examplesofsimplemilktestingmethodssuitableforsmallscaledairy
producersandprocessorsindevelopingcountriesincludetaste,smelland
visualobservation(organoleptictests);densitymeterorlactometerteststo
measurethespecificdensityofmilk;clotonboilingtestingtodetermine
whetherthemilkissourorabnormal;aciditytestingtomeasurethelactic
acidinmilkandGerbertesttomeasuretheamountoffatinthemilk.

CHAPTERfive:Meatprocessing

Introduction



Meatconsumptionindevelopingcountrieshasbeencontinuouslyincreasingfrom a

modestaverageannualpercapitaconsumptionof10kginthe1960sto26kgin

2000andwillreach37kgaroundtheyear2030accordingtoFAOprojections.This

forecastsuggeststhatinafew decades,developingcountries’consumptionof

meatwillmovetowardsthatofdevelopedcountrieswheremeatconsumption

remainsstagnantatahighlevel.

Therisingdemandformeatindevelopingcountriesismainlyaconsequenceofthe

fastprogressionofurbanizationandthetendencyamongcitydwellerstospend

moreonfoodthanthelowerincomeearningruralpopulation.Giventhisfact,itis

interestingthaturbandietsare,onaverage,stilllowerincaloriesthandietsinrural

areas.Thiscanbeexplainedbytheeatinghabitsurbanconsumersadopt.Ifitis

affordabletothem,urbandwellerswillspendmoreonthehighercostbutlower

calorieproteinfoodsofanimalorigin,suchasmeat,milk,eggsandfishratherthan

onstaplefoodsofplantorigin.Ingeneral,however,assoonasconsumers’incomes

allow,there is a generaltrend towards incorporating more animalprotein,in

particularmeat,inthedailydiet.

Man’spropensityformeatconsumptionhasbiologicalroots.Inancienttimesmeat

wasclearlypreferred;consequently,timeandphysicaleffortswereinvestedto

obtainit,basicallythroughhunting.Thisattitudecontributeddecisivelytophysical

andmentaldevelopmentofhumankind.

Despitethegrowingpreferenceinsomecirclesformeatlessdiets,themajorityof

uswillcontinueeatingmeat.Itisgenerallyacceptedthatbalanceddietsofmeat

andplantfoodaremosteffectiveforhumannutrition.

Quantitativelyandqualitatively,meatandotheranimalfoodsarebettersourcesof

proteinthanplantfoods(exceptsoybeanproducts).Inmeat,theessentialamino

acids– theorganicacidsthatareintegralcomponentsofproteinsandwhich

cannotbesynthesizedinthehumanorganism –aremadeavailableinwellbalanced

proportionsandconcentrations.Aswell,plantfoodhasnoVitaminB12;thus,

animalfoodisindispensableforchildrentoestablishB12deposits.Animalfood,in

particularmeat,isrichiniron,whichisofutmostimportancetopreventanemia,

especiallyinchildrenandpregnantwomen.

Intermsofglobalmeatproduction,overthenextdecadetherewillbeanincrease

from thecurrentannualproductionof267milliontonsin2006tonearly320million

tonsby2016.Almostexclusively,developingcountrieswillaccountfortheincrease

inproductionofover50milliontons.Thisenormoustargetwillbeequivalenttothe



levelsofoverallmeatproductioninthedevelopingworldinthemid-1980sandplace

animmensechallengeonthelivestockproductionsystemsindevelopingcountries.

Thegreaterdemandformeatoutputwillbemetbyafurthershiftawayfrom

pastoralsystemstointensivelivestockproductionsystems.Asthesesystems

cannot be expanded indefinitely due to limited feed availability and for

environmentalreasons,othermeasuresmustbetaken to meetgrowing meet

demand.Theonlypossiblealternativesaremakingbetteruseofthemeatresources

availableandreducingwasteofediblelivestockpartstoaminimum.

Thisiswheremeatprocessing playsa prominentrole. Itfullyutilizesmeat

resources,includingnearlyallediblelivestockpartsforhumanfoodconsumption.

Meatprocessing,alsoknownasfurtherprocessingofmeat,isthemanufactureof

meatproductsfrom muscle meat,animalfatand certain non-meatadditives.

Additivesareusedtoenhanceproductflavorandappearance.Theycanalsobe

used to increaseproductvolume. Forspecificmeatpreparations,animalby-

productssuchasinternalorgans,skinorblood,arealsowellsuitedformeat

processing. Meatprocessingcancreatedifferent typesofproductcomposition

thatmaximizestheuseofediblelivestockpartsand aretasty,attractiveand

nourishing.

Theadvantageofmeatprocessingistheintegrationofcertainanimaltissues

(muscletrimmings,bonescraps,skinpartsorcertaininternalorganswhichare

usuallynotsoldinfreshmeatmarketing)intothefoodchainasvaluableprotein-rich

ingredients.Animalblood,forinstance,isunfortunatelyoftenwastedindeveloping

countrieslargelyduetotheabsenceofhygieniccollectionandprocessingmethods

andalsobecauseofsocio-culturalrestrictionsthatdonotallow consumptionof

productsmadeofblood.Whilehalfofthebloodvolumeofaslaughteredanimal

remainsinthecarcasstissuesandiseatenwiththemeatandinternalorgans,the

otherhalfrecoveredfrom bleedingrepresents5-8percentoftheproteinyieldofa

slaughteranimal.Inthefuture,wecannotaffordtowastesuchlargeamountsof

animalprotein.Meatprocessingoffersasuitablewaytointegratewholebloodor

separatedbloodfractions(knownasbloodplasma)intohumandiets.

Thus,thereareeconomic,dietaryandsensoryaspectsthatmakemeatprocessing

oneofthemost valuable mechanisms foradequatelysupplyinganimalprotein

tohumanpopulations,asthefollowingexplains:

•Allediblelivestockpartsthataresuitableforprocessingintomeatproductsare

optimallyused.Inadditiontomuscletrimmings,connectivetissue,organsand

blood,thisincludescasingsofanimaloriginthatareusedassausagecontainers.



•Leanmeatisoneofthemostvaluablebutalsomostcostlyfoodsandmaynot

regularlybeaffordabletocertainpopulationsegments.Theblendingofmeatwith

cheaperplantproductsthroughmanufacturingcancreatelow-costproductsthat

allow more consumers access to animalprotein products. In particular,the

neediest,childrenandyoungwomenfrom low-incomegroups,canbenefitfrom

productswithreducedbutstillvaluableanimalproteincontentthatsupplyessential

aminoacidsandalsoprovidevitaminsandminerals,inparticulariron.

•Unlikefreshmeat,manyprocessedmeatproductscanbemadeshelf-stable,

whichmeansthattheycanbekeptwithoutrefrigerationeitheras

(1)Cannedheatsterilizedproducts,or

(2)Fermentedandslightlydriedproductsor

(3)Productswherethelowlevelofproductmoistureandotherpreservingeffects

inhibitbacterial growth. Such shelf-stable meat products can conveniently

be stored andtransportedwithoutrefrigerationandcanserveastheanimal

proteinsupplyinareasthathavenocoldchainprovision.

•Meatprocessing“addsvalue”toproducts.Value-addedmeatproductsdisplay

specificflavour,taste,colourortexturecomponents,whicharedifferentfrom fresh

meat.Suchtreatmentsdonotmakeproductsnecessarilycheaper;onthecontrary

inmanycasestheybecomeevenmoreexpensivethanleanmeat.Buttheyoffer

diversitytothemeatfoodsector,providingthecombinedeffectofnutritiousfood

andfoodwithexcellenttaste.

ProcessingTechnology

MeatprocessingtechnologiesweredevelopedparticularlyinEuropeandAsia.The

Europeantechnologiesobviouslyweremoresuccessful,astheyweredisseminated

andadoptedtoaconsiderableextentinotherregionsoftheworldbywayoftheir

maincreationsofburgerpatties,frankfurter-typesausagesandcookedham.The

traditionalAsianproducts,manyofthem ofthefermentedtype,arestillpopularin

theircountriesoforigin.ButWestern-styleproductshavegainedtheupperhand

andachievedahighermarketsharethanthosetraditionalproducts.InAsiaand

Africa,thereareanumberofcountrieswheremeatisverypopularbutthemajority

ofconsumersrejectprocessedmeatproducts.

Thisisnotbecausetheydislikethem butbecauseofsocio-culturalreasonsthat

prohibittheconsumptionofcertainlivestockspecies,eitherporkorbeefdepending



on the region.Because processed products are mostly composed offinely

comminutedmeat,whichmakesidentifyingtheanimalspeciesratherdifficult,or

arefrequentlyproducedfrom mixesofmeatfrom differentanimals,consumers

stayawayfrom thoseproductstoavoidingeatingthewrongthing.Butwhenthe

demandformeatincreasesandaregularandcost-effectivesupplycanonlybe

achievedbyfullyusingallediblelivestockparts,consumerswillneedtoadjustto

processed meatproducts,atleastto those where the animalsource can be

identified.Youngerpeoplealreadyliketo eatfast-foodproductssuchasbeef

burgersorbeeffrankfurters.Outletchainsforsuchproductsandotherprocessed

meatproductswillfollowwhenthedemandincreases.

Meat,FatandOtherEdibleCarcassParts

(Types,structure,biochemistry)

Sourcesofmeat,fatandanimalby-products.

Meat,fatandothercarcasspartsusedasraw materialsforthemanufactureof

processedmeatproductsaremainlyderivedfrom thedomesticatedanimalspecies

cattle,pigsandpoultryandtoalesserextendfrom buffaloes,sheepandgoats.In

some region’sotheranimalspeciessuch ascamels,yaks,horses and game

animalsareusedasmeatanimalsbutplayonlyaminorroleinmeatprocessing.

Inthiscontext,meatcanbedefinedas“themuscletissueofslaughteranimals”.

Theotherimportanttissueusedforfurtherprocessingisfat. Otherediblepartsof

the slaughtered animaland often used in furtherprocessing are the internal

organs1(tongue,heart,liver,kidneys,lungs,diaphragm,esophagus,intestines)and

otherslaughterbyproducts(blood,softtissuesfrom feet,head).Aspecialgroupof

internalorgansaretheintestines.Apartfrom beingusedasfoodinmanyregionsin

particularinthedevelopingworld,theycanbeprocessedinaspecificwaytomake

them suitableassausagecasings.Someofthem areeatenwiththesausage;

othersareonlyusedascontainerforthesausagemixandpeeledoffbefore

consumption.

Theskinofsomeanimalspeciesisalsousedforprocessedmeatproducts.Thisis

thecasewithporkskinandpoultryskin,insomecasesalsowithcalfskin(from calf

headsandlegs).Formoredetailsontheutilizationofanimaltissuesforprocessed

meatproductsseealso chapter“Selection and grading ofmeatmaterialsfor

processing”.

Musclemeat



Chemicalcompositionofmeat

Ingeneral,meatiscomposedofwater,fat,protein,mineralsandasmallproportion

ofcarbohydrate.Themostvaluablecomponentfrom thenutritionalandprocessing

pointofview isprotein.Proteincontentsandvaluesdefinethequalityoftheraw

meatmaterialanditssuitabilityforfurtherprocessing.Proteincontentisalsothe

criterionforthequalityandvalueofthefinishedprocessedmeatproducts.

Histologicalstructureofmuscletissue

Themusclesaresurroundedbyaconnectivetissuemembrane,whoseendsmeet

andmergeintoatendonattachedtotheskeleton(b).Eachmuscleincludesseveral

musclefibrebundleswhicharevisibletothenakedeye(c),whichcontainavarying

number(30-80)ofmusclefibresormusclecells(d)uptoafew centimeterslong

withadiameterof0.01to0.1mm.Thesizeanddiameterofmusclefibresdepends

onage,typeandbreedofanimals.Betweenthemusclefibrebundlesareblood

vessels(e)aswellasconnectivetissueandfatdeposits.Eachmusclefibre(muscle

cell)issurroundedbyacellmembrane(sarcolemma)(blue).

Insidethecellaresarcoplasma(white)andalargenumberoffilaments,alsocalled

myofibrils(red).Thesarcoplasmaisasoftproteinstructureandcontainsamongst

otherstheredmusclepigmentmyoglobin.Myoglobinabsorbsoxygencarriedbythe

smallbloodvesselsandservesasanoxygenreserveforcontractionoftheliving

muscle.Inmeatthemyoglobinprovidestheredmeatcolourandplaysadecisive

roleinthecuringreaction.

The sarcoplasma constitutes about 30 percent of the muscle cell. The

sarcoplasmaticproteinsarewatersoluble.About70percentofthemusclecell

consistsofthousandsofmyofibrils,whicharesolidproteinchainsandhavea

diameterof0.001–0.002mm.Theseproteins,whichaccountforthemajorand

nutritionallymostvaluablepartofthemusclecellproteins,aresolubleinsaline

solution.Thisfactisofutmostimportanceforthemanufactureofcertainmeat

products,inparticulartheraw-cookedproductsandcured-cookedproducts.A

characteristicofthoseproductsistheheatcoagulationofpreviouslyliquefied

myofibrilproteins.Theachievedstructureofthecoagulatedproteinsprovidesthe

typicalsolid-elastictextureinthefinalproducts.



Musclestructure

(Skeletalmuscle)Entiremusclefibreormusclecell,0.01-0.1mm

ChangesofpH

Immediatelypost-mortem themusclecontainsasmallamountofmusclespecific

carbohydrate,calledglycogen1(about1%),mostofwhichisbrokendowntolactic

acidinthemusclemeatinthefirsthours(upto12hours)afterslaughtering.This

biochemicalprocessservesanimportantfunctioninestablishingacidity(lowpH)in

themeat.

Theso-calledglycolyticcyclestartsimmediatelyafterslaughterinthemuscle

tissue,inwhichglycogen,themainenergysuppliertothemuscle,isbrokendownto

lacticacid.Thebuildupoflacticacidinthemuscleproducesanincreaseinits

acidity,asmeasuredbythepH.ThepHofnormalmuscleatslaughterisabout7.0

butthiswilldecreaseinmeat.Inanormalanimal,theultimatepH(expressedas

pH24=24hoursafterslaughter)fallstoaroundpH5.8-5.4.Thedegreeofreduction

ofmusclepHafterslaughterhasasignificanteffectonthequalityoftheresulting

meat.



ThetypicaltasteandflavorofmeatisonlyachievedaftersufficientdropinpH

downto5.8to5.4.From theprocessingpointofview,meatwithpH5.6-6.0isbetter

forproductswheregoodwaterbindingisrequired(e.g.frankfurters,cookedham),

asmeatwithhigherpHhasahigherwaterbindingcapacity.Inproductswhichlose

waterduringfabricationandripening(e.g.rawham,dryfermentedsausages),meat

withalowerpH(5.6–5.2)ispreferredasithasalowerwaterbindingcapacity.

ThepHisalsoimportantforthestoragelifeofmeat.ThelowerthepH,theless

favorableconditionsforthegrowthofharmfulbacteria.Meatofanimals,whichhad

depleted their glycogen reserves before slaughtering (after stressful

transport/handlinginholdingpens)willnothaveasufficientfallinpHandwillbe

highlypronetobacterialdeterioration.

PSEandDFD

Instresssusceptibleanimal’spH mayfallveryquicklytopH 5.8–5.6whilethe

carcass is stillwarm.This condition is found mostoften in pork.Itcan be

recognizedinthemeatasapalecolour,asoft,almostmushytextureandaverywet

surface(pale,soft,exudative=PSEmeat).PSEmeathaslowerbindingproperties

and loses weight(water)rapidly during cooking resulting in a decrease in

processingyields.

Areversephenomenonmayariseinanimalswhichhavenotbeenfedforaperiod

beforeslaughter,orwhichhavebeenexcessivelyfatiguedduringtransportationand

lairage.Inthesecases,mostofthemuscleglycogenhasbeenusedupatpointof

slaughterandpronouncedacidityinthemeatcannotoccur.ThemusclepH24does

notfallbelowpH6.0.Thisproducesdark,firm,dry(DFD)meat.ThehighpHcauses

themuscleproteinsto retainmostoftheirbound water,themuscleremains

swollenandtheyabsorbmostofthelightstrikingthemeatsurface,givingadark

appearance.

Darkmeathasa“sticky”texture.Lessmoisturelossoccursduringcuringand

cookingasaresultofthehigherpHandthegreaterwater-holdingcapacitybutsalt

penetrationisrestricted.Conditionsforgrowthofmicroorganismsaretherefore

improvedresultinginamuchshorter“shelflife”.DFDconditionsoccurbothinbeef

andpork.

DFDmeatshouldnotbeconfusedwiththatresultingfrom matureanimalsthrough

thepresenceofnaturallydarkpigmentation.PSEandDFD conditionscantoa

certain extend be prevented or retarded through humane treatment and

minimizationofstresstoanimalspriortoslaughter.



PSEandDFD meatisnotunfitforhumanconsumption,butnotwellsuitedfor

cookingandfrying(PSElosesexcessivemoistureandremainsdryduetolowwater

bindingcapacitywhileDFDmeatremainstoughandtastelessduetothelackof

acidity).Nevertheless,formeatprocessingpurposes,PSEandDFDmeatcanstillbe

utilized,preferablyblendedwithnormalmeat.PSEmeatcanbeaddedtomeat

products,wherewaterlossesaredesirable,suchasdry-fermentedsausages,while

DFDmeatcanbeusedforraw-cookedproducts(frankfurtertype)wherehighwater

bindingisrequired.

ChangesofpH

Meatcolouring

Theredpigmentthatprovidesthecharacteristiccolorofmeatiscalledmyoglobin.

Similartothebloodpigmenthaemoglobinittransportsoxygeninthetissuesofthe

liveanimal.Specifically,themyoglobinistheoxygenreserveforthemusclecellsor

musclefibers.Oxygenisneededforthebiochemicalprocessthatcausesmuscle

contractionintheliveanimal.Thegreaterthemyoglobinconcentration,themore

intensethecolourofthemuscle.

Thisdifferenceinmyoglobinconcentrationisthereasonwhythereisoftenone

musclegrouplighterordarkerthananotherinthesamecarcass.



Freshmeatcut(beef)withintenseredmeatcolour

Myoglobin concentration in muscles also differs amonganimal species.

Beefhasconsiderablymoremyoglobinthanpork,vealorlamb,thusgivingbeefa

moreintensecolor.Thematurityoftheanimalalsoinfluencespigmentintensity,

witholderanimalshaving darker pigmentation. The different myoglobin

levels determine the curingcapabilityofmeat.Astheredcuringcolorofmeat

resultsfrom achemicalreactionofmyoglobinwiththecuringsubstancenitrite,the

curingcolorwillbemoreintensewheremoremusclemyoglobinisavailable.

Waterholdingcapacity

Thewaterholdingcapacity(WHC)ofmeatisoneofthemostimportantfactorsof

meatqualitybothfrom theconsumerandprocessorpointofview.Muscleproteins

arecapableofholdingmanywatermoleculestotheirsurface.Asthemuscletissue

developsacidity(decreaseofpH)thewaterholdingcapacitydecreases.

Compressiontest1,

Differentwaterholdingcapacityofmuscles. Left:Samplewithlow WHC.Right:

DarkmeatsamplewithgoodWHC(lesswaterpressedout)Waterboundtothe

muscleproteinaffectstheeatingandprocessingqualityofthemeat.Toobtain

goodyieldsduringfurtherprocessingincludingcooking,thewaterholdingcapacity



yneedstobeatahighlevel.Waterholdingcapacityvariesgreatlyamongthe

musclesofthebodyandamonganimalspecies.Itwasfoundthatbeefhasthe

greatestcapacitytoretainwater,followedbypork,withpoultryhavingtheleast.

Tendernessandflavor

Meattendernessplaysanimportantrole,whereentirepiecesofmeatarecooked,

friedorbarbecued.Inthesecases,sometypesofmeat,inparticularbeef,haveto

undergoacertainripeningorageingperiodbeforecookingandconsumptionin

ordertoachievethenecessarytenderness.Inthefabricationofmanyprocessed

meatproducts the toughness ortenderness ofthe meatused is ofminor

importance.

Manymeatproductsarecomposedofcomminutedmeat,aprocesswhereeven

previouslytoughmeatismadepalatable.Furtherprocessingoflargerpiecesof

meat(e.g. raw orcookedhams)alsoresultsingoodchewingqualityasthese

productsarecuredandfermentedorcuredandcooked,whichmakesthem tender.

Aging/ripeningofbeefhindquarterincoolingroom

The taste ofmeatis differentfordifferentanimalspecies.However,itmay

sometimesbedifficulttodistinguishthespeciesincertainfoodpreparations.For

instance,insomedishesporkandvealmaytastesimilarandhavethesame

chewingproperties.

Muttonandsometimeslambhaveacharacteristictasteandsmell,whichoriginates

from thefat.Evensmallquantitiesoffat,e.g.inter-andintramuscularfat,may

imprintthistypicalsmellandtasteonthemeat,particularlyofmeatfrom old

animals.

Feedmayalsoinfluencethetasteofmeat(e.g.fishmeal).Inaddition,thesexof



theanimalmayalsogiveaspecialtasteandsmelltothemeat.Themoststriking

exampleisthepronouncedurine-likesmellwhencookingoldboar’smeat.Meatfit

forhumanconsumptionbutwithslightlyuntypicalsmellandflavor,whichmaynot

besuitableformeatdishes,canstillbeusedforcertainprocessedmeatproducts.

However,itshouldpreferablybeblendedwith“normal”meattominimizetheoff-

odour.Also,intensiveseasoninghelpsinthisrespect.Thetypicaldesirabletaste

andodorofmeatistoagreatextendtheresultoftheformationoflacticacid

(resultingfrom glycogenbreakdowninthemuscletissue)andorganiccompounds

likeaminoacidsanddi-andtripeptidesbrokendownfrom themeatproteins.

Inparticulartheaged(“matured”)meatobtainsitscharacteristictastefrom the

breakdowntosuchsubstances.The“meaty”tastecanbefurtherenhancedby

addingmonosodium glutamate(MSG)(0.05-0.1%),whichcanreinforcethemeat

tasteofcertainproducts.MSGisafrequentlyusedingredientinsomemeatdishes

andprocessedmeatproductsinparticularinAsiancountries.

BeeftoproundslicePorkribchopsfrom loin

Beeftoproundslice Porkribchopsfrom loin



Lambribs Chickenleg

Thetypicaldesirabletasteandodorofmeatistoagreatextendtheresultofthe

formationoflacticacid(resultingfrom glycogenbreakdowninthemuscletissue)

andorganiccompoundslikeaminoacidsanddi-andtripeptidesbrokendownfrom

themeatproteins.

Inparticulartheaged(“matured”)meatobtainsitscharacteristictastefrom the

breakdowntosuchsubstances.The“meaty”tastecanbefurtherenhancedby

addingmonosodium glutamate(MSG)(0.05-0.1%),whichcanreinforcethemeat

tasteofcertainproducts.MSGisafrequentlyusedingredientinsomemeatdishes

andprocessedmeatproductsinparticularinAsiancountries.

AnimalFats

Fattytissuesareanaturaloccurringpartofthemeatcarcass.Intheliveorganism,

fattytissuesfunctionas

Energydeposits(storeenergy)

Insulationagainstbodytemperaturelosses

Protectivepaddingintheskinandaroundorgans,especiallykidneyandheart.Fatty

tissueiscomposedofcells,whichlikeothertissuecells,havecellmembranes,

nucleusandcellmatrix,thelattersignificantlyreducedtoprovidespaceforstoring

fat.Fats,intheform oftriglycerides,accumulateinthefatcells.Well-fedanimals

accumulatelargeamountsoffatinthetissues.

Fattytissue(fatcellsfilledwithlipids)



Inperiodsofstarvationorexhaustion,fatisgraduallyreducedfrom thefatcells.

Intheanimalbodytherearesubcutaneousfatdeposits(undertheskin)(a/b)and

(a),fatdepositssurroundingorgans(e.g.kidney,heart)(d)anda))orfatdeposits

betweenmuscles(intermuscularfat,(a).Fatdepositsbetweenthemusclefibre

bundles of a muscle are called Intramuscular fat(b) and lead in higher

accumulationstomarbling.Marblingofmusclemeat.Contributestotenderness

andflavorofmeat.Manyconsumersprefermarblingofmeatforsteaksandother

roastedmeatdishes.

Intermuscularfat

(a)(Aroundindividualmuscles)andintramuscularfat(b)(insidemuscletissue)

Forprocessedmeatproducts,fatsareaddedtomakeproductssofterandalsofor

tasteandflavourimprovement.Inordertomakebestuseofanimalfats,basic

knowledgeontheirselectionandproperutilizationisessential.

Fattytissues from certain animalspecies are bettersuited formeatproduct

manufacture,fatsfrom otherspecieslessornotsuitedatall.Thisismainlyfor

sensoryreasonsastasteandflavouroffatvariesbetweenanimalspecies.Strong

differencesarealsopronouncedinolderanimals,withthewell-knownexampleof

fatfrom oldsheep,whichmostconsumersrefuse.However,thisaspectistosome

extentsubjectiveasconsumerspreferthetypeofanimalfattheyareusedto.

Availabilityalsoplaysarolewhenfattytissuesareusedforprocessing.

Someanimalspecieshavehigherquantitiesoffattytissue(e.g.pigs),otherslesser

quantities(e.g.bovines).Pigfatisfavoredinmanyregionsforprocessingpurposes.

Itisoften readily available but and has a suitable tissue structure,

composition andunpronouncedtastewhichmakeitreadilyusable.Freshporkfat



isalmostodor-andflavorless.Bodyfatsfrom otheranimalspecieshavegood

processingpotentialforthemanufactureofmeatproducts,buttheadditionof

largerquantitiesislimitedbyavailabilityandsomeundesirabletasteproperties.

Porkfat

Thesubcutaneousfatsfrom pigsarethebestsuitedandalsomostwidelyusedin

meatprocessing,e.g.backfat(a),jowlfat(b),andbelly(b)Thesefattytissuesare

easilyseparatedfrom othertissuesandusedasseparateingredientsformeat

products.Also,theintermuscularfatsoccurringincertainlocationsinmuscle

tissuesareused.Theyareeithertrimmedofforleftconnected(e.g.intermuscular

fatinmuscletissue)andprocessedtogetherwiththemusclemeat.Subcutaneous

andintermuscularfatsarealsoknownas“bodyfats”.Anothercategoryisthedepot

-fats,locatedintheanimalbodyaroundinternalorgans.

Porkcarcasswithbackfat

(a),belly(b),leafefat(c)andkidneyfat(d)

Thesefatscanalsobemanuallyseparated.Inrarecasesmesenterical(intestinal)

fatsofpigsareusedforsoftmeatproducts(e.g.liversausage),butonlyinsmall

quantitiescancauseuntypicalmouthfeelinfinalproducts.Thekidneyfat(d)and

leafefat(c),ofpigsarenotrecommendedforprocessedmeatproductsduetotheir

hardnessandtaint,butareusedforlardproduction.



Jowlfatremovedfrom pighead

(a)andcutintostrips(b).Behind:Restofporkcarcasswithbackfat

Beeffat

Beeffatisconsideredlesssuitableforfurtherprocessingthanporkfat,duetoits

firmertexture,yellowish colourand more intensive flavour.When used for

processing,preferenceisusuallygiventobrisketfat(a)and(b)andotherbodyfats

preferablyfrom youngeranimals.

Brisketfat(a)onbeefcut(brisket)

Such fatsare used forspecificprocessed beefproductswhen porkfatsare

excludedforsocio-culturalorreligiousreasons.Sometropicalcattlebreedshavea

largesubcutaneousfatdepotintheshoulderregionknownas“hump”.Fatisthe

predominanttissueofthehumptogetherwithstabilizingconnectivetissueand

musclemeat.Thehumptissue(a)isoftencutintoslicesandroasted/barbecuedas

adelicacyorusedforprocessedproducts.Buffalofathasawhitercolourthanbeef

fatandisthereforewellsuitedforprocessing.Thelimitingfactor for utilization

ofbeef/buffalo fatisitsscarceavailability,asbeef/buffalo carcasses do not

provide high quantities of body fats suitable for themanufactureofmeat

productssuchasfrankfurters,bolognaetc.,whereamountsoffattytissuesinthe

rangeof20%arerequired.However,forthemanufactureofproductswithalower

animalfatcontent,e.g.burgers,freshsausagesforfryingetc.,mixturesofbeefand

beeffatarewellsuited.



Beefcarcass,

Frontpartwithexternalsubcutaneousfat(a)andbrisketfat(b),Humpwithfatty

tissue(a)oftropicalcattleandKidneyfat(a)inbeefcarcass

Mutton fatofadultanimals is formostconsumers absolutelyunsuitable for

consumptionduetoitstypicalunpleasantflavorandtaste.Fatsfrom lambare

relativelyneutralintasteandcommonlyeatenwithlambchops.Lambfatcanbe

usedasafatsourcewhenproducingHalalmeatproducts.

Fatfrom chicken

Chickenfatisneutralintasteandwellsuitedasafatcomponentforpurechicken

products.Chickenfatadheresasintermuscularfattochickenmuscletissueandis

processedwithoutseparatingitfrom theleanmeat. However,themajority of

chicken fatderives from chickenskinwithitshighsubcutaneousfatcontent.For

processing,chicken skin is usually minced and furtherprocessed into a fat

emulsionbeforebeingaddedduringchopping.

Chickenskintoberemovedfrom cutsandusedasfatingredient

Thenutritionalvalueofmeatandmeatproductsa.Proteins

Thenutritionalvalueofmeatisessentiallyrelatedtothecontentofhighquality

protein.Highqualityproteinsarecharacterized bythecontentofessentialamino

acids whichcannotbesynthesizedbyourbodybutmustbesuppliedthroughour



food.Inthisrespectthefoodpreparedfrom meathasanadvantageoverthose

of plantorigin.There arevegetable proteins having a fairlyhigh biological

value,forinstance soyprotein,thebiologicalvalueofwhichisabout65%ofthat

ofmeat.Soy protein concentrates are also very usefulingredients in many

processedmeatproducts,wheretheynotonlyenhancethenutritionalvaluebut

primarilythewaterbindingandfatemulsifyingcapacity.

The contractile proteins ormyofibrillarproteins are quantitatively the most

important(some65%)andarealsoqualitativelyimportantastheyhavethehighest

biologicalvalue.Connectivetissuescontain mainlycollagen,which hasa low

biologicalvalue.Elastiniscompletelyindigestible.Collagenisdigestiblebutis

devoidoftheessentialaminoacidtryptophan.Bloodproteinshaveahigh content

oftryptophanbutareneverthelessofalowerbiologicalvaluethanmeatdueto

theirdeficiencyoftheessentialaminoacidisoleucine.

b.Fats

Animalfatsareprincipallytriglycerides.Themajorcontributionoffattothedietis

energyorcalories.Thefatcontentintheanimalcarcassvariesfrom 8toabout20%

(thelatteronlyinpork).Thefattyacidcompositionofthefattytissuesisvery

differentindifferentlocations.

Externalfat(“bodyfat”)ismuchsofterthantheinternalfatsurroundingorgansdue

toahighercontentofunsaturated fatin the externalparts.The unsaturated

fatty acids (linoleic,linolenic and arachidonic acid)are physiologically and

nutritionally importantas they are necessary constituents ofcell walls,

mitochondria andotherintensivelyactivemetabolicsitesofthelivingorganism.

Thehumanbodycannotreadilyproduceanyoftheabovefattyacids,hencethey

havetobemadeavailableinthediet.Meatandmeatproductsarerelativelygood

sources,butinsomeplantsourcessuchascerealsandseeds,linoleicacidis

usuallypresentatabout20timestheconcentrationfoundinmeat.

Inrecentyearsithasbeensuggestedthatahighratioofunsaturated/saturated

fattyacidsinthedietisdesirableasthismaylowertheindividual’ssusceptibilityto

cardiovasculardiseasesingeneral,andtocoronaryheartdiseaseinparticular.

There is evidence toindicatethatadietwhichpredominantlycontainsrelatively

saturatedfats(suchasthoseofmeat)raisesthelevelofcholesterolintheblood.

Toavoidpossiblehealthrisksfrom theconsumptionofthemeat,vulnerablegroups

shouldreducetheanimalfatintake.

Inthiscontext,the“hiding”ofhighfatcontentsinsomeprocessedmeatproducts

canbeadietaryproblem.Improvedprocessingequipmentandtechniquesand/or



new orrefinedingredients have made itpossible to produce meatproducts

withrelativelyhighfatcontents,whichmaybedifficulttorecognizebyconsumers.

Inparticularinproductslikemeatloaves,frankfurtertypesausagesorliverpate,

where meatand fatare finelycomminutedandthefatparticlesareenclosedin

proteinstructures,thefatisdifficulttodetectvisibly.Fatcontentsofupto40%may

behiddenthisway,whichisprofitablefortheproducerasfatisarelativelycheap

rawmaterial.Forsomeconsumergroups,suchdiets are notrecommended.On

the other hand,there are manyphysically active hardworkingpeople or

undernourishedpeople,inparticularinthedevelopingworld,wheremeatproducts

withhigherfatcontentmaybebeneficialincertaincircumstances,predominantly

asenergysources.

Meatloaveswithdifferentfatcontents;Leftlowerfat(20%)andrighthighfat(35%)

c.Vitamins

MeatandmeatproductsareexcellentsourcesoftheB-complexvitamins.Lean

porkisthebestfoodsourceofThiamine(vitaminB1)withmorethan1mg/100g

ascomparedtoleanbeef,whichcontainsonlyabout1/10ofthisamount.The

daily requirement forhumansofthisrarelyoccurringvitaminis1-1.5mg.Plant

foodhasnovitaminB12,hencemeatisagoodsourceofthisvitaminforchildren,

asintheirorganismsdepositsofB12havetobeestablished.Ontheotherhand,

meatispoorinthefatsolublevitaminsA,D,E,KandvitaminC.

However, internal organs, especiallyliver and kidney generallycontain an

appreciablepercentageofvitaminA,C,D,EandK.Mostofthevitaminsinmeatare

relativelystableduringcooking or processing,although substantialamounts

maybe leached out in thedrippingsorbroth.Thedripexudingfrom thecut

surfaceoffrozenmeatuponthawingalsocontainsanappreciableportionofB-

vitamins.Thisindicatestheimportanceofconservingthesefractionsbymaking

useofthem insomeway,forexamplethroughdirectprocessingofthefrozenmeat

withoutpreviousthawing(whichispossibleinmodernmeatprocessingequipment).



Thiamine(vitaminB1)andtoalesserextentvitaminB6areheat-labile.These

vitaminsarepartiallydestroyedduringcookingandcanning.

Averagecontentofvitaminsinmeat(microgramsper100g)

d.Minerals

The mineralcontents ofmeat(“ash”)include calcium,phosphorus,sodium,

potassium,andchlorine,magnesium with the levelofeach ofthese minerals

above0.1%,andtraceelementssuchasiron,copper,zincandmanyothers.Blood,

liver,kidney,otherredorgansandtoalesserextentleanmeat,inparticularbeefare

goodsourcesofiron.Ironintakeisimportant to combat anaemia, which

particularly in developing countries is stillwidespreadamongstchildrenand

pregnantwomen.Iron in meathas a higherbio-availability,betterresorption

andmetabolism thanironinplantproducts.

PrinciplesofMeatProcessingTechnology

Meat processing technology comprises the steps and procedures in the

manufactureofprocessedmeatproducts.Processedmeatproducts,whichinclude

variousdifferenttypesandlocal/regionalvariations,arefoodofanimalorigin,which

contributevaluableanimalproteinstohumandiets.Animaltissues,inthefirstplace

musclemeatandfat,arethemain ingredients,besidesoccasionallyused other

tissuessuchasinternalorgans,skinsandbloodoringredientsofplantorigin.

Allprocessedmeatproductshavebeeninonewayoranotherphysicallyand/or

chemicallytreated.Thesetreatmentsgobeyondthesimplecuttingofmeatinto

meatcutsormeatpieceswithsubsequentcookingformeatdishesinorderto

makethemeatpalatable.Meatprocessinginvolvesawiderangeofphysicaland

chemicaltreatmentmethods,normallycombining a varietyofmethods.Meat

processingtechnologiesinclude:

Cutting/chopping/comminuting(sizereduction)



Mixing/tumbling

Salting/curing

Utilization ofspices/non-meatadditives Stuffing/filling into casings orother

containersFermentationanddrying

Heattreatment

Smoking

EquipmentUsedInMeatProcessing

Inmodernmeatprocessing,mostoftheprocessingstepscanbemechanized.In

fact,modernmeatprocessingwouldnotbepossiblewithouttheutilizationof

specializedequipment.Suchequipmentisavailableforsmall-scale,medium-sized

orlarge-scaleoperations.Themajoritemsofmeatprocessingequipmentneeded

to fabricate the mostcommonlyknown meatproducts are listed and briefly

describedhereunder.

Meatgrinder(Mincer)

Ameatgrinderisamachineusedtoforcemeatormeattrimmingsbymeansofa

feeding worm (auger)underpressure through a horizontallymounted cylinder

(barrel).Attheendofthebarrelthereisacuttingsystem consistingofstar-shaped

knivesrotatingwiththefeedingworm andstationaryperforateddiscs(grinding

plates).

Schematicdrawingofgrinder



The perforationsofthe grinding platesnormallyrange from 1 to 13mm.The

meat iscompressedbytherotatingfeedingauger,pushedthroughthecutting

system andextrudesthroughtheholesinthegrindingplatesafterbeingcutbythe

revolvingstarknives.

Simpleequipmenthasonlyonestarknifeandgrinderplate,butnormallyaseriesof

platesandrotaryknivesisused.Thedegreeofmincingisdeterminedbythesizeof

theholesinthelastgrindingplate.Iffrozenmeatandmeatrichinconnectivetissue

istobemincedtosmallparticles,itshould be minced firstthrough a coarse

discfollowedbyasecondoperationtothedesiredsize.Twodifferenttypesof

cuttingsystemsareavailable,the“EnterpriseSystem”andthe“UngerSystem”:

The “Enterprise System”is mainlyused in smallermeatgrinders with orifice

diametersupto98mm andconsistsofonestarknife,sharpenedonlyontheside

facingthedisc,andonegrinderplate.Holediameterscanvaryfrom 13to5mm.

The“UngerSystem “isusedinmeatgrinderswithorificediametersupto440mm

andconsistsofthekidneyplate,oneortwostarknivessharpenedon bothedges

andoneortwogrinderplates.

Grinder:Worm feed



(feedingworm/auger)andcuttingsetwithplatesandknives(system)“Unger”)

Forafinalparticlesizeabove8mm therecommendedsettingiskidneyplate–star

knife–grinderplate.Forafinalparticlesize<8mm therecommendedsettingis

kidneyplate–starknife–grinderplate(13mm)–starknife–grinderplate(6to1

mm).

Grinderplatesofdifferentholesize,starknivesandspacerringsfortighteningof

cuttingassembly

Thesmallesttypeofmeatgrinderisthemanualgrinderdesignedasasimple

stuffinggrinder,i.e.meatmaterialismanuallystuffedintothefeeder.Forallthese

smallmachinestheEnterprise cuttingsystem isused withone starknife and

one grinder plate. These machines are verycommon everywhere in food

processingbuttheirthroughputandproductioncapacityislimitedduetothesmall

sizeandmanualoperation.

The intermediate size meatgrinder,also designed as a stuffing grinder,has

orificediametersupto98mm.Itisdrivenbyabuilt-insingle-phaseelectricalmotor

(250V)andavailableasbothatableandfloormodel.Themeatisputontothetray

andcontinuouslyfedbyhandintoaverticalcylindricalholeleadingtothefeed

auger.Themeatorfatisforcedbyitsownweightintothebarrelwiththerotating

feedauger.Thistypeofmeatgrinderisthemostsuitableforcommercialsmall-

scaleoperations.SomebrandsusetheEnterprisecuttingsystem,otherstheUnger

system.

Manualgrinder,GrinderastablemodelandGrinderasfloormodel



Largeindustrialmeatgrindersaredrivenbyathree-phaseelectricalmotor(400V)

andequipped with theUngercuttingsystem.The orifice cylinderdiameterof

thistypeofgrinderrangesfrom 114 -400 mm.Industrialgrindersareeither

designed as stuffinggrinders with eithertrayorhopperoras an automatic

mixing grinder.The automaticmixinggrinderhasabighopperandthemeatfalls

automaticallyontothemixingbladesandthefeedingworm (auger).Themixing

blades and feeding worm can be operated independentlywith mixing blades

rotatinginbothdirectionsbutthefeedingworm onlytowardsthecuttingset.

Mostoftheindustrialmeatgrindersarealsoequippedwithadeviceforseparating

tendons,boneparticlesandcartilage.Thebowlcutteristhecommonlyusedmeat

chopping equipmentdesigned to produce small or very small (“finely

comminuted”) lean meat and fat particles. Bowlcutters consist of a

horizontallyrevolving bowland a setofcurved knives rotatingverticallyona

horizontalaxleathighspeedsofupto5,000rpm.Manytypesandsizesexistwith

bowlvolumesrangingfrom 10to2000litres.Themostusefulsizeforsmall-to

medium-sizeprocessingis20to60litres.Inbiggermodelsbowlandknifespeed

canberegulatedbychanginggears.

Bowlcuttersareequippedwithastrongcover.Thislidprotectsagainstaccidents

anditsdesignplaysacrucialroleintheefficiencyofthechoppingprocessby

routingthemixtureflow.Number,shape,arrangement,andspeedofknivesarethe

mainfactorsdeterminingtheperformance ofthecutter(seepage304).Bowl

cuttersshouldbeequippedwithathermometerdisplayingthetemperatureofthe

meatmixtureinthebowlduringchopping.



Fig1Small20litrebowlcutter,single-phasemotor

Fig.2Bowlcutterassembledwith6knives

Bowlcutter,schematic,

Bowl cutter–grinder combination (twin model) with bowl cutter (60litres

Capacity)andmeatgrinder(114mm orificediameter).

Bowlcutterfilledwithmeatforchoppingandvacuum cutter;lidcanbehermetically

closedforvacuum treatmentofbatterinthebowl

Modernlargescalebowlcuttersmayhavedevicestooperateunderavacuum,



whichhelpstoimprovecolorandtextureofthemeatproductsbykeepingoxygen

outofthemeatmixesandavoidairpockets.Cutterknivesshouldbeadjustedtoa

distanceof1-2mm from thebowlforoptimalcutting(checkthe manufacturers

recommendations foreachmodel).Mostofthelargeandhigh-speedbowlcutters

areequippedwithmechanicaldischargerdevicesforemptyingthecutter.The

processofchopping in abowlcutterisused forproducing finecomminuted

productssuchasfrankfurters,bologna,liversausageetc.,andenablesprocessors

toofferamuchwiderrangeofproducts.

MeatProcessingTechnologies–StandardPractices

Meatprocessingtechnologiesincludeontheonehandpurelytechnicalprocesses

suchas

 Cutting,chopping,comminuting

 Mixing,tumbling

 Stuffing/fillingofsemi-fabricated meatmixesintocasings,syntheticfilms,
cansetc.

 Heattreatment

Ontheotherhand,chemicalorbiochemicalprocesses,whichoftengotogetherwith

thetechnicalprocesses,arealsopartofmeatprocessingtechnologysuchas

 Saltingandcuring

 Utilizationofspicesandadditives

 Smoking

 Fermentationanddrying

Theseprocessesaredescribedhereunderandinthefollowingchapters.

1.Cutting(reducingmeatparticlesize)

Therearefivemethodsofmechanicalmeatcuttingforwhichspecializedmachinery

isused:



Mincing(grinding)ofleanandfattyanimaltissues

Largerpiecesofsoftedibleanimaltissuescanbereducedinsizebypassingthem

through meatgrinders.Some speciallydesigned grinders can also cutfrozen

meat,othersareequippedwithdevicestoseparate“hard”tissuessuchastendons

andboneparticlesfrom the“soft”tissues(mincedmusclemeatparticles).

Choppinganimaltissuesinbowlcutter(discontinuousprocess)

Bowlcuttersareusedtochopandmixfreshorfrozenleanmeat,fat(and/oredible

offal,ifrequired)togetherwith water(often used in form ofice),functional

ingredients(salt,curingagents,additives)andextenders(fillersand/orbinders).

Choppinganimaltissuesinemulsifyingmachines(continuousprocess)

Theanimaltissuestobeemulsifiedmustbepre-mixedwithallotherrawmaterials,

functionalingredientsandseasoningsandpre-cutusinggrindersorbowlcutters.

Thereaftertheyarepassedthroughemulsifiers(alsocalledcolloidmills)inorderto

achievethedesiredbuild-upofaveryfinelychoppedoremulsifiedmeatmix.

Mincingandchopping

OfrawmeatmaterialforprocessedmeatproductsinmeatgrindersandChopping

ofmeatmixtureinbowlcutter;lidopenedafterfinalizingchopping,cutterknives

visible

Choppinganimaltissuesinemulsifyingmachines(continuousprocess)

The animaltissues to be emulsified mustbe pre-mixed with allotherraw



materials,functionalingredients and seasonings and pre-cut using grinders

or bowl cutters.Thereaftertheyare passed through emulsifiers (also called

colloid mills)in ordertoachievethedesiredbuild-upofaveryfinelychoppedor

emulsifiedmeatmix.

Frozenmeatcutting

Bonelessfrozenmeatblockscanbecutinslices,cubesorflakesbyfrozenmeat

cuttersorflakers. The frozen meat particles (2-10 cm) can be directly

chopped in bowlcutterswithoutprevious thawing thus avoiding drip losses,

bacterialgrowthand discolorationwhichwouldhappenduringthawing.Forsmall

operationsthe manualcutting offrozen meatusing cleaversoraxesisalso

possible.

Cuttingoffattytissues

Backfatiscutin cubesof2-4 cm on specialized machinesto facilitatethe

subsequentchopping in cutters/emulsifiers. In small-scale operations this

processcanbedonemanually.

2.Salting/curing

Salting–Salt(sodium chlorideNaCl)addstothetasteofthefinalproduct.The

contentofsalt in sausages,hams,corned beef and similar products is

normally 1.5-3%.Solelycommonsaltisusedifthecookedproductsshallhavea

greyish orgreyish-brown colourasforexample steaks,meatballsor“white”

sausages.Forproductionofaredcolourinmeatproductssee“Curing”.

Chemicalaspectsofsalting

Thewaterholdingcapacityofmeatcanbeincreasedwiththeadditionofsaltupto

aconcentrationofabout5% inleanmeatandthendecreasesconstantly.Ata

concentrationofabout11%inthemeat,thewaterbindingcapacityisbacktothe

samelevelasinfreshunsaltedmeat.Sodium chloridehasonlyaverylowcapacity

todestroymicroorganisms,thusalmostnobacteriologicaleffect.Itspreserving

powerisattributedtothecapabilitytobindwaterandtodeprivethemeatof

moisture.Thewaterlooselyboundtotheproteinmoleculesaswellas“free”water

willbeattractedbythesodium andchlorideionscausingareductionofthewater



activity(aw)oftheproduct.Thismeansthatlesswaterwillbeavailableandthe

environmentwillbelessfavorableforthegrowthofmicroorganisms.Bacteriado

notgrowatawateractivitybelow0.91,whichcorrespondstoasolutionof

15gNaCl/100mlwaterorabout15%saltintheproduct.Thesefiguresexplainhow

salthasitspreservativeeffect.Suchsaltconcentrations(upto15%)aretoohighfor

palatablefood.However,forthepreservation ofnaturalcasings thismethod is

veryusefulHeattreatmentofmeatsalted with NaClresults in conversion of

the red meatpigmentmyoglobin (Fe+2)to the brown metmyoglobin (Fe+3).

Thecolorofsuchmeatturnsbrowntogrey.

Besidesaddingtoflavorandtaste,saltalsoisanimportantfunctionalingredientin

themeatindustry,whichassistsintheextractionofsolublemuscleproteins.This

propertyisusedforwaterbindingandtextureformationincertainmeatproducts.

Thepreservationeffect,whichismicrobialinhibitionandextensionoftheshelf-life

ofmeatproductsbysaltinitsconcentrationsusedforfood(onaverage1.5-3%salt),

islow.Meatprocessorsshould notrelytoo much on thiseffectunlessitis

combinedwithotherpreservationmethodssuchasreductionofmoistureorheat

treatment.

Curing–Consumersassociatethemajorityofprocessedmeatproductslikehams,

bacon,andmostsausageswithanattractivepinkorredcolorafterheattreatment.

Howeverexperience shows that meat or meat mixes, after kitchen-style

cookingorfrying,turnbrownish-greyorgrey.Inordertoachievethedesiredredor

pinkcolor,meatormeatmixes are salted with common salt(sodium chloride

NaCl),whichcontainsasmallquantityofthecuringagentsodium nitrite(NaNO2).

Sodium nitritehastheabilitytoreactwiththeredmeatpigmenttoform theheat

stableredcuringcolor.Onlyverysmallamountsofthenitriteareneededforthis

purpose.

Piecesofcookedmeat(pork)

4pieceswithcommonsaltonly(right)and3withcommonsaltcontainingsmall

amountsofnitrite(left)andTwosausagecutsoneproducedwithsaltonly(right)



andtheotherwithsaltandsmallamountsofnitrite(left)

Nitrite can be safely used in tiny concentrations forfood preservation and

coloringpurposes.Tracesofnitritearenotpoisonous.Inadditiontothereddening

effect,theyhavea numberofadditionalbeneficialimpactsso thatthemeat

industrieswidelydependonthissubstance.Levels of150 mg/kg in the meat

product,whichis0.015%,arenormallysufficient.

Toreducetheriskofoverdosingofnitritesalt,asafeapproachistomakenitrite

available onlyin a homogeneous mixture with common saltgenerallyin the

proportion0.5%nitriteandthebalanceofsodium chloride(99.5%).Thismixtureis

callednitritecuringsalt.Atacommondosagelevelof1.5-3% addedtothemeat

product,thedesiredsaltyflavorisachievedandatthesametimethesmallamount

ofnitriteneededforthecuringreactionisalsoprovided.Duetothesensorylimitsof

saltaddition(saltcontentsof4%arenormallynotexceeded),theamountsofnitrite

arekeptlowaccordingly.

Chemicalandtoxicologicalaspectsofcuring

Inmeatormeatmixestobecuredthenitritecuringsaltmustbeevenlydistributed.

Duringmixingthe nitrite is broughtin close contactwith the muscle tissue

and its red meatpigment,themyoglobin.Duetotheacidificationinmeatafter

slaughter,thepH ofsuchmeatormeatmixesisalwaysbelow 7,whichmeans

slightlyacidic.Theaciditymaybeenhancedthroughcuringacceleratorssuchas

ascorbicacidorerythorbate.

Nitrite(NaNO2),orrathernitrogenoxide,NO,whichisformedfrom nitriteinanacid

environment,combines with myoglobin to form nitrosomyoglobin,a bright

redcompound.Thenitrosomyoglobin isheatstable i.e.when the meatisheat

treated thebrightredcolorremains.Theadditionofnitritecuringsaltinquantities

ofapproximately

2%,whichistheusualsaltlevel,generatesnitritecontentinthemeatproductsof

approximately150ppm (partspermillionor150mg/kg).Thisnitritecontentisnot

toxicforconsumers.Upon reaction ofthe nitrite with themyoglobin (which is

thegenuinecuringreaction),therewillbeonaveragearesiduallevelofnitrite

of50-100ppm remainingintheproduct.Inanycasetheamountofresidualnitritein



thefinishedproductshouldnotexceed125ppm.Themaximum ingoingamountfor

processed meatproducts is normally up to 200mg/kg of product(Codex

Alimentarius,1991).

Apartfrom itspoisoningpotential(whichisunlikelywhenusingnitritecuringsalt),

thereis a debate concerning the possible health hazards ofnitrite curing as

under certainconditionsnitritecanform nitrosamines,someofwhichcanbe

carcinogenicinthelongterm.However,nitrosaminescanonlybefoundinstrongly

cookedorfriedmeatproductswhich were previouslycured with nitrite.Fresh

meatforcookingandfresh burgers orsausagesforfryingdousuallynotcontain

nitritebutsaltonly.Hencetheriskofformationofnitrosaminesdoesnotexistin

suchproducts.Oneproduct,wheresuchconditionsmaybemet,isbacon.Keeping

the residualnitrite contentlow in bacon minimizes the risk offormation of

nitrosamines.

Sodium orpotassium nitrate(Na/KNO3)(“saltpetre”)mayalsobeusedforcuring

butitislimitedtocertaindrycuredproductssuchasrawhams,whichrequirelong

curingandagingperiods.Nitratemustbebrokendownbybacteriatonitrite,which

isthesubstancetoreactthroughitsNOwiththemusclepigmentmyoglobin.The

bacterialprocessisratherslowandtimeconsuming.Asmostproductsrequirean

immediatecuringeffect,thenitriteisthesubstanceofchoiceinmostcasesand

thereislittleusefornitrate.

Agreatdealofresearchhasbeendonewithregardtotheutilizationofnitriteandit

canbesaidthatnitriteinmeatproductsissafeifbasicrulesareadheredto.

Nitrite is nowrecognizedasubstancewithmultifunctionalbeneficialpropertiesin

meatprocessing:

Theprimarypurposeofnitriteistocreateaheatresistantredcolourinachemical

reactionwiththemusclepigment,whichmakescuredmeatproductsattractivefor

consumers.

Nitritehasacertaininhibitoryeffectonthegrowthofbacteria.Thiseffectis

particularlypronouncedincannedmeatproductswhichareusuallystoredwithout

refrigeration,wheresmallnumbersofheatresistantbacteriamayhavesurvivedbut

theirgrowthisinhibitedbythepresenceofnitrite.

Nitritehasthepotentialofattributingaspecificdesirablecuringflavortocured

products.

Inthepresenceofnitritefatsarestabilizedandrancidityinmeatproductsretarded

i.e.,anantioxidanteffect.

Manyattemptshavebeenmadetoreplacenitritebyothersubstances,whichwould



bringaboutthesamebeneficialeffectsaslistedabove.Uptonow noalternative

substancehasbeen found.As the above desirable effects are achieved with

extremely low levels ofnitrite,thesubstancecanbeconsideredsafefrom the

healthpointofview.Currentlytheknownadvantagesofnitriteoutweightheknown

risks.

Curingofchopped/comminutedmeatmixtures

Curingisappliedformostchoppedmeatmixturesorsausagemixesforwhicha

reddishcolorisdesired.Thecuringagentnitriteisaddedindryform asnitrite

curingsalt.Thereactionofnitritewiththeredmeatpigmentstartsimmediately.

Duetohomogenousblendingthemeatpigmentshaveinstantcontactwiththe

nitrite.Higher temperaturesduring processing, e.g. “reddening” of raw-

cooked type sausages at 50oC orscalding/cookingofotherproductsat70-

80oC,acceleratetheprocess.

3.Smoking

Smokefortreatmentofmeatproductsisproducedfrom raw wood.Smokeis

generatedthroughthethermaldestructionofthewoodcomponentsligninand

cellulose.The thermaldestruction sets free more than 1000 desirable or

undesirablefirm,liquidorgaseouscomponentsofwood.

Theseusefulcomponentscontributetothedevelopmentofthefollowingdesirable

effectsonprocessedmeatproducts:

Meatpreservationthroughaldehydes,phenolsand acids(anti-microbialeffect)

Antioxidantimpactthroughphenolsandaldehydes(retardingfatoxidation)Smoke

flavourthrough phenols,carbonyls and others (smoking taste)Smoke colour

formationthroughcarbonylsandaldehydes(attractivecolour)Surfacehardeningof

sausages/casingsthroughaldehydes(inparticularformorerigidstructureofthe

casing)

The mostknown undesirable effectofsmoking is the risk ofresidues of

benzopyreneinsmoked productswhichcanbecarcinogeniciftheintakeisin

high doses overlongperiods.Withnormaleatinghabits,acarcinogenic riskis

normallynotassociated withmoderatelysmokedfoodsuchassmokedmeat

products.

Depending on the product,smoke is applied atdifferenttemperatures.There

aretwoprincipalsmokingtechniques:

 Coldsmoking



 Hotsmoking

Theprincipleofbothmethodsisthatthesmokeinfiltratestheoutsidelayersofthe

productinordertodevelopflavor,colorandacertainpreservationeffect.

ColdSmoking– Thisisthetraditionalwayofsmokingofmeatproductsand

wasprimarilyused formeatpreservation.Nowadaysitservesmore forflavor

andcolorformation,forexampleinsausagesmadefrom precookedmaterialssuch

asliversausageandbloodsausage.

Thecombinationofcoldsmokinganddrying/ripeningcanbeappliedtoferment

sausagesandsaltedorcuredentiremeatpieces,inparticularmanyraw ham

products.Inlong-term ripenedanddriedhams,apartfrom providingcolorandflavor,

thecoldsmokinghasanimportantpreservativeeffectasitpreventsthegrowthof

mouldsonthemeatsurfaces.

Theoptimaltemperaturein“cold”smokingis15to18°C(upto26°C).Sawdust

shouldbeburnedslowlywithlightsmokeonlyandthemeathungnottoocloseto

thesourceofthesmoke.Coldsmokingisalongprocesswhich maytakeseveral

days.Itisnotappliedcontinuously,butinintervalsofafewhoursperday.

HotSmoking–Hotsmokingiscarriedoutattemperaturesof+60to80°C.The

thermaldestructionofthewoodusedforthesmokingisnormallynotsufficientto

producethesetemperatures inthesmokingchamber.Hence,additionalheathas

tobeappliedinthesmokingchamber.



Hotdogsareplacedinthesmokehouseforhotsmoking

ThefigureIndicate(palecolourbeforesmoking)and Aftercompletionofthe

smokingprocess(brown-redcolouraftersmoking)

Therelativelyhightemperaturesinhotsmokingassurearapidcolourandflavour

development.The treatmentperiod is keptrelativelyshortin orderto avoid

excessiveimpactofthesmoke(toostrongsmokecolourandflavour).

Hotsmokingperiodsvaryfrom notmuchlongerthan10minutesforsausageswith

athincalibresuchasfrankfurterstouptoonehourforsausageswithathick

calibresuchasbolognaandham sausageandproductslikebaconandcooked

hams.

Productsandsmoking–Coldsmokingisusedforfermentedmeatproducts(raw-

curedham,raw-fermented sausage)andprecookedcooked sausage (liverand

bloodsausages).Hotsmokingisusedforarangeofraw-cookedsausages,bacon

andcookedham products.Smoketreatmentcanonlybeapplied;ifmeatthe

productsarefilledincasingspermeabletosmoke.Allnaturalcasingsaresmoke

permeable,asarecelluloseorcollagenbasissyntheticcasings.

Smokepermeablecasingscanalso betreated usinga new technology,where

a liquidsmoke solution is applied on the surface.This can be done by

dipping in solution,showering(outsidechamber)oratomization(sprayinginside

chamber).Polyamideorpolyesterbasedsyntheticcasingsarenotpermeableto

smoke.Ifsmokeflavoriswantedforproductsinsuchcasings,smallquantitiesof

suitablesmokeflavor(dryorliquid)areaddeddirectlytotheproductmixduring

manufacture.

Productionofliquidsmoke

Liquidsmokecanbeusedasaningredienttosausagesinsmokeimpermeable

casingsinordertoachieveacertaindegreeofsmokeflavour.Asimpermeable

casingsdonotallowthepenetrationofgaseoussmoke,liquidsmokecanbeadded

tothesausagemixduringthemanufacturingprocess.Thestartingpointforthe



production ofliquidsmoke isnaturalsmoke,generated byburning/smouldering

wood undercontrolled temperatures with theinputofanairsupply.Thereare

basicallytwo differentmethodsused forthesubsequentprocessing ofliquid

smoke:

directcondensationofnaturalwoodsmoketoliquidsmoke

penetrationofthesmokeintoacarriersubstanceonthebasisofwateroroiland

usingthis“smoked”carriersubstanceasaningredientformeatproducts

SelectionandGradingOfRawMaterialsforMeatProcessing

Thetwomaincomponentsofprocessedmeatproductsareanimalmusclemeat

andanimalfat.Apartfrom puremuscletissue,musclemeatalsocontainssome

connectivetissueandinter-andintramuscularfat,whichdeterminethequalityof

musclemeat.Animalfatsareoffirmerorsoftertexturedependingontheirlocation

intheanimalbody.Inadditiontotheanimalspecies,thetextureoffatsdetermines

theirprocessingquality.Edibleanimalby-productssuchasskin,internalorgans

andbloodalsoplayaroleasraw materialsformeatprocessing.By-productsare

notgenerallyused;theyarepartofspecificprocessedmeatproducts.

Thefirstpreparatorystepforprocessingofmeatintomeatproductsistheproduct-

orientedselection ofraw animalmaterials,taking into accounttheirquality

and processingsuitabilityand the characteristics ofthe meatproducts to be

fabricated. Some meatproducts require lean meatwithoutadhering fator

connectivetissue,whileothershaveahigherfatand/orconnectivetissuecontents.

Otherproductsrequirefirm animalfats,forotherssoftfatsarebettersuited.

Choosingappropriaterawmaterialsisindispensableforefficientmeatprocessing

andisbestdonebyvisualselectionandgradingaccordingtothetissue-specific

properties.

Meatprocessors areadvised to develop enterprise-specific standards ofraw

materialcompositionforeachmeatproductfabricated.Thepropergradingofraw

materials,whichneedsskillsandexperience,hasadecisiveimpactonthequalityof

themeatproductsandresultingrevenueswhichcanbegenerated.Fortheneedsof

smalltomedium sizedmeat



processing plants,simple grading schemes are described hereunder,withraw

materialsfrom pigs,cattle/buffaloesandotherruminantsaswellaspoultry.

Selectionandgradingofmanufacturingmeatfrom pigs

Thebelowproposalforselectionandgradingofpigmeatreferstotheutilizationof

theentirecarcassformeatprocessing.Naturally,inmanymeatplants,valuable

meatcutsmaybeexcludedfrom furtherprocessingandmarketedasfreshmeat.

Inthesecasesonlytheremainingcarcassmeatisusedforfurtherprocessing.

Commoncutsforfreshmeatsalesaretenderloin,loin,rump,theentireham orparts

oftheham (topside,silverside,knuckle)andpartsoftheneckandshoulder.The

proportionofcarcassmeatgoingintofreshmeatsalesorintofurtherprocessingis

decidedbytheoperatoronacase-by-casebasis.Ifhigheramountsoflean meat

are required forfurtherprocessing,moreprimalcutmeatwillbeusedforthis

purposeandviceversa.Hereunder,agradingschemeformanufacturing-meatfrom

pigsconsistingofsixgradesisproposed.Thisstandardcanberefinedorsimplified

asdeterminedbyconsumerdemand.



PorkcarcassSchematic

Selectionandgradingofmanufacturing-meatfrom cattle

Similartopork,valuablemeatcuts(choicecuts)from beefareusuallyexcluded

from furtherprocessingandmarketedasfreshmeat.Themostcommonfresh

meatcutsaretenderloin,sirloin,topside,silverside,rumpandpartsoftheneckand

shoulder.Therestofthecarcassmeataswellastrimmingsderivedduringthe

preparation oftheabovementionedchoicecutsareusedasmanufacturing-meat

foralltypesofprocessedproducts.



Beefcarcassschematic



Beefcarcassanditscuts

Thefunctionalproperties ofbeefare influenced to alarge extend bythe age of

theanimal.Meatfrom youngeranimalshasamuchhigherwaterbindingcapacity

thanmeatderived from acarcassofanolderanimal.Forthisreason meatfrom

younger animalsshouldbeusedforproductsrequiringhighbindingandwater

holdingcapacityandmeatfrom older animals is more suited for products

undergoingadryingandfermentationprocess.

Similartothegradingschemeforpigmeat,asimpleschemeisproposedforthe

selectionandgradingofbeef,whichisconsideredsuitableforsmallandmedium

operations.Forbeef,threegradesofmanufacturingmeataresufficienttocaterfor

theneedsofsmalltomedium sizemanufacturing.Beeffatandskin areusuallynot

arawmaterialformeatprocessing.

Selectionandgradingofmanufacturing-meatfrom poultry

Inglobalmeatproductionpoultrymeatistakingthesecondplaceafterpork.Dueto

itswidespreadavailabilityandpopularityanditsmostlyverycompetitiveproduction

cost,poultrymeathasanincreasingshare asaraw materialinprocessed meat.

Turkeyandchickenmeatisverysuitableforfurtherprocessingpurposes.



Turkeymeat,whichhasdarkerandbrightermusclecomponentsderivingfrom the

samecarcassiswellsuitedforprocessedmeatproducts.Insomedeveloped

countriestherearesizeablemeatindustries,withoutletsforprocessedturkeymeat

products,suchasbologna/frankfurters/ham sausagetypesausages,andcooked

turkeyhams.Suchproductsaresimilartotheequivalentonesfabricatedwithbeef

andpork,buttheyareusuallyleaner.Awidelypracticedapproachistoclassify

turkeycarcassesintwogrades.GradeAistopqualitywithnodefectsonthemeat

surfaceandgeneralappearance.Entirefrozencarcassesasretailgoodsbelongto

thiscategory.GradeBisthelowercategoryandthismeatisusually

takenforfurtherprocessing.

Musclemeatofchickencarcassa/bleg

(a=thigh,b=drumstick);c1/c2breastmeat(c1=breast,c2=filet);d=wing

Whenproducingturkeycuts(Fig.47),thosecutsnotneededorsuitableforfresh

meatsales,can also go into furtherprocessing.In developing countries,the

productionofchickenmeatisbyfarmoreimportantthantheproductionofturkey

meat.Chicken



meatcanbeproducedindustriallyaroundpopulationcentresanditisinhigh

demand,particularlywhereporkisnotconsumedforsocio-culturalorreligious

reasons.

Non-MeatIngredients

Categoriesofnon-meatingredients

Alongwiththe maincomponents meat andanimal fat, awide range of

substances ofnonmeat originareusedasingredients inprocessed meat

products.Someofthem areabsolutelynecessary,suchassaltandspices.Others

areusedforspecificproducts.Onewayofcategorizingnonmeatingredientsisby

source.

Theyareeither

•Chemicalsubstancesor

•Ofplantoriginor

•Ofanimalorigin.

Chemicalsubstances Plantorigin Animalorigin

Sourcesofnon-meatingredients

Otherclassificationcriteriafornon-meatingredientsare,whethertheyareadditives

orfullfoods(“foodbyitself”)orwhethertheyhavefunctionalpropertiesornot.

Additivesareusuallysubstances,whicharenotnormallyconsumedasfoodby

itself,but which are added to develop certain technological and quality

characteristics(for examples salt,curing agents,spices,water binding and

gelation enhancingsubstances).Incontrast,vegetables,flours,eggs,etc.the

figurecouldbeconsideredasfullfoodingredients.
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MixedfooditemsAdditives

Mostingredients arefunctional,whichdescribestheirabilitytointroduce orimprove

certainqualitycharacteristics.Thefunctionalpropertiesofingredientsincludetheir

impact

on:

 tasteflavourappearancecolourtexture

 waterbinding

 counteractingfatseparationpreservation

Ingredientswhicharesolelyfunctionalwithoutanyothereffectsuchasfilling or

extendingthevolumeoftheproduct,arenormallyusedinsmallamounts(e.g.common

salt1,5-3%,nitrite0.01-0.02%,phosphates 0.05-0.5%,ascorbic acid 0.03%,isolated

soyproteinornon-fatdriedmilkproteins2%).
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Exampleofeffectoffunctionalingredients

Meatloafcut,leftwithcuringcolour,centrewithoutcolor,andrightwithartificialcolour

Thecriteriafortheutilizationoffunctionalnon-meatingredientsare:

 safeforconsumers,and

 Improve ofprocessing technologyand/orsensoryqualityoftheproducts.

In contrastto the exclusively functionalsubstances,there is anothergroup of

ingredients thatare notprimarily intended forchange ofappearance orquality

improvementsbutservetoaddvolumetothemeatproducts.Theyarecalledmeat

extendersandfillers.Theirmainpurposeistomakemeatproductslower-cost.Meat

extenders andfillers includecereals,legumes,vegetable,rootsandtubersandare

usedinlargerquantities,onaverage

between2and15%.
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Typesofnon-meatingredients

Meatextendersareprimarilyplantproteinsfrom legumes,withsoybeansasthemajor

source.TVP is the most common soy bean extender.These cheaper plant

proteins“extend”themoreexpensivemeatproteins,resultinginacceptableoverall

protein contents oflowercostmeatproducts.Extenders are added in sizeable

amountsthatincrease thebulkofthe meatproducts,butthismayalso altertheir

quality.From animalproteinsources,wholemilkandeggscanbeconsidered as

meatextenders.Insome countries,replacementofmeatbyfishisgainingpopularity

resultinginfishproductswhichmaybemeatandfishmixesorentirelymadeoffish

materials,e.g.“fishviennas”,madeusingthesametechnologyandprocessasviennas

madeofmeat.

Fishsausage
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Fillersarealsomostlyplantsubstances,lowinproteinandhighincarbohydratessuch

ascereals,roots,tubersandvegetablesandsomerefinedproductssuchasstarches

andflours.Puremeatproductsareverylow incarbohydrates.Hencetheadditionof

carbohydrate-richsubstancesisnotan“extension”oftheproteinmix,butsomenew

components“fill-up”theproductvolume.Apartfrom theirvolumefillingcapacity,some

fillers,inparticularstarchesand flours,arealso used fortheircapabilityto absorb

extensivequantitiesofwater.

Extendersandfillersarenotstandardingredientsinprocessedmeats,infacthigh

qualityproductsareoftenmanufacturedwithoutthem.Buttheyareusefultoolsincost

reductionenablingthemanufactureoflowercostbutstillnutritivemeatproducts.Such

productsareparticularlysuitable to supplyvaluable animalproteinsin the dietsof

consumerswhocannotregularlyaffordexpensivemeatandmeatpreparations.

As anotherdefinition forspecific non-meatingredients,the term binderis used

forsubstancesofanimalorplantorigin,whichhaveasignificanthighlevelofprotein

thatservesforbothwaterandfatbinding.Suchsubstancesincludehigh-proteinsoy,

wheatandmilkproducts,suchassoyisolate,wheatgluten,milkprotein(caseinate).

Theyarenotextendersinthefirstplaceduetothelowquantitiesadded(approx.2%),

butactthroughtheirhigh qualityproteins thatare instrumentalin waterbinding

and protein networkstructuring.Ontheotherhand,somesubstanceswithlittleorno

proteinlevel,likestarchesandfloursmentionedaboveunder“fillers”,canbindwater

andfatbymeansofphysicalentrapmentandcouldalsobeconsidered“binders”.

Theaboveaspectillustratesthatcleardefinitionsin thewiderangeofnon-meat

ingredientsaredifficulttoestablish.Whilemostsubstanceshaveonedominatingeffect,

thereareinmanycasesalsodesirablesideeffectsthat,however,complicatetheirclear

grouping.Eventhose substances like textured vegetable protein/TVP,which are

primarilyintended fornon-functionalpurposes,namely meat extension,have a

waterbindingeffect,whichqualifiesthem alsoasmoderatelyfunctional.Alsosoy

isolates ordried milk powders,which are used as binders,also have a slight

extension effectas the amounts addedmoderately increases the protein level.

Mostsubstanceshavedoubleorevenmultipleeffects.

Therefore,inordertoprovideanoverviewofthemostcommonsubstancesusedasnon
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-meatingredients,theyarelistedhereunderaccordingtotheirorigin,namelychemical

(a)orofanimal(b)orplantorigin(c):

a)Chemicalsubstancesusedasingredients

There are various chemicalsubstances approved forthe differentkinds offood

processing,butinthespecificcaseofmeatprocessing thenumberofapproved

chemicalsubstances is ratherlimited in mostcountries.The following are of

significance:

Salt(fortaste,impactonmeatproteins,shelf-life)Nitrite(forcuringcolour,flavour,

shelf-life)Ascorbicacid(toacceleratecuringreaction)

Phosphates(forproteinstructuringandwaterbinding)

Chemicalpreservatives(forshelf-life)

Antioxidants(forflavourandshelf-life)

Monosodium glutamateMSG(forenhancementofflavour)

Foodcolouringsubstances(syntheticandofplantorigin)

Chemicaladditives have exclusivelyfunctionalproperties,theyare used in small

amountsusuallybelow1%(withnitrateaslowas0.05%).Onlysaltisintherangeof2%

(withupto4%insomefermenteddriedproducts).

b)Non-meatingredientsofanimalorigin

Ingredientsofanimaloriginarenotcommonlyappliedbutmaybeusefulforspecific

meatpreparations.Theyallhavefunctionalproperties(exceptwholemilk),inparticular

improvement ofwater binding and prevention of fat separation during heat

treatment.Apart from their functionalproperties,some of them can also be

consideredmeatextenders,asmentionedbelow.
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Milkcaseinate(90%protein;usedinsmallquantities(2%);havefunctionalwaterandfat

bindingproperties)

Wholemilkornon-fatdriedmilk(=skim milk)(sometimesusedinindigenousmeat

preparationsasaproteinextender)

Gelatine(bindingpropertiesandmeatextender)

Bloodplasma(predominantlybindingproperties)

Eggs(extenderandbindingingredientformeatpiecesandfriedsausages)

Transglutaminase*(exclusivelybindingproperties)

c)Ingredientsofplantorigin

Allspices are ofplantorigin.They are predominantly functionaland used in

smallquantitiestoprovideoraddflavourandtastetomeatproducts.Anothergroupof

predominantlyfunctionalsubstancesofplantoriginwithhighproteincontentareused

asbinderstoincreasewaterbindingandfatretention,inparticularinintensivelyheat

treatedproducts.Themostcommonlyusedsubstancesare

•isolatedsoyprotein(90%protein)and

•wheatgluten(80%protein)and,lessimportantly,proteinisolatesfrom otherlegumes.

A thirdgroupofingredientsofplantoriginareusedasmeatextenders(ifrichin

proteins)orfillers(ifrichincarbohydrates)formeatproductandsausageformulations.

Thepurposeistoreplaceexpensivemeatforlower-ormedium-gradeproductsby

cheaperingredientsofplantoriginforcostreductionandvolumeincrease.

Meatextenders

Plantproductswithhighproteincontentare
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Soyflour(50%protein)

Soyconcentrate(70%protein)

Otherfoodlegumes(beans,peas,lentils),usedforspecialproductsonly.

Fillers/Carbohydrateproductswithlowproteincontent(usuallyaddedinquantitiesof

2%-15%,someofthem –inparticularrootsandvegetable–upto50%).Thesearethe

typicalfillers.Apartfrom costreduction and adding to volume,some floursand

starchesbelongingtothisgroupoffillersalsoacttosomeextendasbinders.This

propertyservesimportantfunctionssuchasincreasingwaterbindingformorejuiciness

orfatbindingforimprovedtexture.

Cerealfloursfrom wheat,riceandcorn

Starchesfrom wheat,rice,corn,potatoandcassava

Breadcrumbs

Rusk(derivedbymixingandbakingwheatflour)Cerealstobeaddedwithoutmilling,e.g.

rice,cornRootsandtubers,e.g.cassava,sweetpotato

Vegetableandfruits,e.g.onions,bellpepper,carrots,greenvegetables,bananas

Polysaccharides(Hydrocolloids):

Carrageenan(istheonlyhydrocolloidproductofthisgrouppopularinmeatprocessing,

added inquantities ofmax. 1%,improves sliceabilityand cohesiveness).The

substancecanbeconsideredbothbinderandfiller.

Applicationofnon-meatingredients

Fortheapplicationofingredientslisted aboveto meatproducts,variousmethods
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aredeployed,depending upon the properties of the ingredient and the meat

product.Auniform distributioniscrucialforequalintensityofflavour,colour,textureor

anyotherqualitycharacteristicexpectedfrom theproduct.

Methodsofapplication

a)Duringgrinding

Chemicaladditivesandsmallerquantitiesofotherfineorcoarsenonmeatingredients

orgranulated substances (such as TVP)are easilyincorporated in ground meat

productsbymixingthem withtheraw meatmaterialspriortogrinding.Insmallscale

operations,themixofmeatandnon-meatingredientsisthensimplypassedthroughthe

grinderplates.Manualormechanicalblendingcanbeaddedifnecessary.Inlarger

industrialoperations and forheavilyextended products, ground meatmaterials,

chemicaladditivesandothernon-meatingredientsareusuallycombinedinablender.

b)Duringchopping

Infinelycomminuted orchopped meats,non-meatingredientsareeasilydispersed

bymixing them with therestofthebatterin comminuting equipment.Non-meat

ingredientssuchasbinders(isolatedsoyprotein/ISP,milkcaseinate)arepreferably

addedinemulsionform,finely milled fillers (flours,starches) in dry form.In

smallercalibrelow-costsausagessuchashotdogs,alsolargerquantitiesofextenders

(e.g.re-hydratedTVP)andcoarsefillers(rusk,breadcrumbs,etc)areincorporated

duringthechoppingprocess.

c)Applicationtonon-comminutedmeat

The addition ofnon-meatingredients to largermeatpieces orintactmuscles is

morecomplex.Injectionofingredientsaspartofthecuringbrine,iftheyarewater

solubleorcanbedispersedinwater(salt,nitrite,spices,ascorbate,phosphates,soy

products,Carrageenan),isthemostrapidmethodofequaldistribution.Thesurface

applicationofsuchdrysubstances(e.g.nitritecuringsalt,spices)orimmersionofmeat
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insalt/curingsaltandflavouringsolutionsisanotherwayofapplication,butrequires

daysorweekstodiffusethroughoutthemuscletissue.

Malpracticesinmeatpreservation

Formalin or Formaldehyde isa strong disinfectant ;ifillegallyused to control

bacterialgrowthonmeatsurfaces,itmaygetintothefoodchain,maycausekidney

damageandiscarcinogenicinthelongterm.

Borax=Sodiumtetraborate,aningredientinwashingpowdersandusedinpaperand

leathermanufacture;isharmfulbyingestionifillegallyusedformeatsurfacetreatment

orinmeatmixes.

Chlorine (Cl2)isaneffective disinfectante.g.fordrinkingwater(0.4-0.6ppm),also

sometimesusedformicrobialcontrolofwaterforspinchillersinpoultryslaughter

(upto20ppm).”Bleach”whichiscalcium hypochlorite(CaOCl2),reactswithwaterand

releaseschlorineions,whichmayaffecttasteandcreateharmfulresidues.

Hydrogenperoxide(H2O2),whenappliedtomeatsurfacesetc.itdisintegratesinto

oxygenandwater,wherebytheoxygendevelopstheantimicrobialandbleachingeffect.

Itcausescolourchangesonmeatsurfaces,sometimesusedforbleaching cattle

stomachs(tripes).AnothersubstanceusedforbleachingtripesisCalcium carbonate

(CaCO3)

Antibiotics such as nisin (= bacteriocin deriving from Strept.Lactis bacteria),

suppressesbacterialgrowth,usedforsomefoods(dairyindustries),butgenerallynot

allowedanddiscouragedforuseinmeatindustries;orsulphamethazineusedasan

antibioticinpigswithpossibleresiduesoccurringinthemeat.

Sulphurdioxide,iswidelylegallyusedinfoodmanufacturing(fruits,juices),butusein

themeatsectordiscouragedorforbidden,asitwouldfurtheraddtothedailyintakeby

consumers and,most importantly,it maymake poor qualityproductsopen to

adulteration.Thesubstancehasanotableeffectonraw redmeat,inparticularon

thehygienicallyverysensitive mincedmeat,asitcanreversedarkbrownishcoloursof

overstoredproductscausingthem tolightenandreddeningincolour.Moreover,also

thebeginningbacterialspoilagecanbemaskedthroughthesubstance’sinhibitory

effectonmicroorganisms.
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CategoriesofProcessedMeatProducts

Whenviewingmeatproductsofvarioussize,shapeandcolourinbutchershopsormeat

sections ofsupermarkets,there appears tobe isa greatvarietyofsuch products

withdifferenttastecharacteristics.Insomecountries theremaybeseveralhundred

differentmeatproducts,eachwithitsindividualproductnameandtastecharacteristics.

Atacloserlook,however,itturnsoutthatmanyofthedifferentproductswithdifferent

productnameshave greatsimilarities.This issue can be even betterunderstood

andbecomesmoretransparentwhentheprocessingtechnologiesareanalyzed.Based

ontheprocessingtechnologiesusedandtakinginto accountthetreatmentofraw

materialsandtheindividualprocessingsteps,itispossibletocategorizeprocessed

meatproductsinsixbroadgroups.

Based on the grouping the meatproducts and theirprocessing technologies are

describedindetailintherespectivechapters.Hereunder,adefinitionofeachgroupis

given:

MeatproductsgroupedaccordingtotheprocessingtechnologyApplied

Based on the grouping the meatproducts and theirprocessing technologies are

describedindetailintherespectivechapter’s.Hereunder,adefinitionofeachgroupis

given:
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Freshprocessedmeatproducts

Definition

Theseproductsaremeatmixescomposedofcomminutedmusclemeat,withvarying

quantitiesofanimalfat.Productsaresaltedonly,curingisnotpracticed.Non-meat

ingredientsareaddedinsmallerquantitiesforimprovementofflavorandbinding,inlow

-costversionslargerquantitiesareaddedforvolumeextension.Allmeatandnon

-meatingredientsareaddedfresh(raw).Heattreatment(frying,cooking)isapplied

immediatelypriortoconsumptiontomaketheproductspalatable.Ifthefreshmeat

mixesarefilledincasings,theyare defined assausages(e.g.frying sausages).If

other portioning is customary,the products are known as patties,kebab,etc.

Convenienceproducts,suchaschickennuggets,haveasimilarprocessingtechnology

andcanalsobeincludedinthisgroup.Incontrasttotherestofthegroup,chicken

nuggetsetc.arealreadyfriedinoilatthemanufacturingstageduringthelaststepof

production.

Freshrawbeef,friedfreshandChickennuggetspattiessausages(left)andbeefpatties

(right)

Curedmeatcuts

Entirepiecesofmusclemeatandreconstitutedproducts

Definition
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Curedmeatcutsaremadeofentirepiecesofmusclemeatandcanbesub-dividedinto

twogroups,cured-raw meatsandcuredcookedmeats.Thecuringforbothgroups,

cured-rawandcured-cooked,isinprinciple similar:Themeatpiecesaretreated with

smallamountsofnitrite,eitherasdrysaltorassaltsolutioninwater.

Thedifferencebetweenthetwogroupsofcuredmeatsis:

Cured-rawmeatsdonotundergo anyheattreatmentduringtheirmanufacture.They

undergo aprocessingperiod,whichcomprisescuring,fermentationandripeningin

controlledclimatizedconditions,whichmakestheproductspalatable.Theproductsare

consumedraw/uncooked.

Cured-cookedmeats,after the curingprocess ofthe raw muscle meat,always

undergoheattreatmenttoachievethedesiredpalatability.

Raw-cookedmeatproducts

Definition

The productcomponents muscle meat,fatand non-meatingredients which are

processedraw,i.e.uncooked by comminuting and mixing.The resulting viscous

mix/batterisportionedinsausagesorotherwiseandthereaftersubmittedtoheat

treatment,i.e.“cooked”.Theheat treatment induces protein coagulation which

results in a typicalfirmelastictextureforraw-cookedproducts.Inadditiontothe

typicaltexturethedesiredpalatabilityandacertaindegreeofbacterialstabilityis

achieved.

Cured-rawham andCured-cookedproducts
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Viennas,hotdogsandSausagesandmeatloafoftheraw-cookedtype


