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ABSTRACT

Thisstudyevaluatesthepreservativeeffectsofgreenandblackpepperonthemicrobial

growth,sensoryproperties,andshelflifeofAfricansoftcheese.Conductedatthe

AnimalProductionUnit,KwaraStatePolytechnic,theexperimentinvolvedtreatingthe

cheesewithpepperextractsandassessingtheireffectsonYeastandMolds(Y&M)and

Staphylococcus aureus overa 5-dayperiod.Sensoryanalysis was carried outto

determinetheimpactofpeppertreatmentsontaste,texture,andoverallacceptability.

The results showed thatgreen and black pepperexhibited antimicrobialeffects,

especiallyathigherconcentrations(30g),butwerenotsufficienttocompletelycontrol

microbialgrowth,particularly Staphylococcuc.aureus,which continued to grow

throughoutthestudyperiod.YeastandMoldscountsremainedhighinalltreatments,

suggestingtheresilienceofthesemicroorganismstothepepper-basedpreservatives.

Despitethis,sensoryevaluationrevealedthathigherconcentrationsofthepepper

coatingsimprovedtheflavor,texture,andoverallacceptanceofthecheese.

Thestudyconcludesthatwhilegreenandblackpeppercancontributetoreducing

microbialgrowth,they should be used in combination with otherpreservation

techniquessuchasrefrigerationoradditionalnaturalpreservativesformoreeffective

shelflifeextension.Furtherresearchisrecommendedtoexploreotherpeppervarieties,

synergisticeffectswithotherpreservatives,andtheimpactofpeppertreatmentonthe

nutritionalqualityofthecheese.

Keywords:Greenpepper,Blackpepper,Preservativeeffects,Microbialgrowth,Yeast

andMolds,Staphylococcusaureus,Africansoftcheese,Sensoryproperties,Shelflife,

Naturalpreservatives.



CHAPTERONE

INTRODUCTION

1.1BACKGROUNDOFTHESTUDY

Cheeseisahighlyvalueddairyproductconsumedworldwideforitsrichnutritional

contentanddiverseapplicationsinfoodpreparation.Asasignificantsourceofprotein,

calcium,vitamins,andessentialfattyacids,cheeseplaysavitalroleinpromotinggood

healthandnutrition.Despiteitsnutritionalbenefits,cheeseisinherentlyperishabledue

toitshighmoisturecontent,whichsupportsthegrowthofspoilageandpathogenic

microorganisms.Thisperishabilitynecessitatesthedevelopmentandapplicationof

preservationtechniquestoextenditsshelflifewhilemaintainingitsquality(Farkas,

2016).

InAfrica,particularlyinWestAfrica,Africansoftcheese,popularlyknownasWarain

Nigeria,isatraditionalcheesevarietymadefrom unpasteurizedcow,goat,orsheep

milk.Thecheeseistypicallycoagulatedusingnaturalplantcoagulantssuchasthe

leavesofCalotropisprocera (Sodom apple)orCarica papaya (pawpaw).Wara is

renownedforitscreamytextureandmildflavor,makingitapopulardelicacyamong

localpopulations.However,Africansoftcheeseisproducedonasmallscale,often

underunsanitaryconditions,which,combinedwithitshighwateractivity,makesit

highlysusceptibletoBacteriaspoilage(Olaniranetal.,2019).

The perishability of African soft cheese presents a significant barrier to its

commercialization and distribution,particularly in regions with limited access to

refrigeration or cold chain facilities.Common preservation methods,such as

refrigeration,drying,orsmoking,arenotalwaysaccessibletoruralproducersorfeasible

forlarge-scaleproduction.Additionally,chemicalpreservatives,thougheffective,have

raisedconcernsregardingtheirpotentialhealthrisksandeffectsonthesensoryquality

offoodproducts(Adebayoetal.,2014).

TheshortshelflifeofWara,whichrangesfrom twotothreedaysunderambient

conditions,posessignificantchallengestoitsdistributionandconsumption.Producers

and vendors often face economic losses due to spoilage,while consumers risk

exposuretofoodbornepathogens.Furthermore,thelackofrefrigerationfacilitiesin

ruralandsemi-urbanareasexacerbatestheproblem,highlightingtheurgentneedfor

effectivepreservationmethods(Ajayi&Ogunjobi,2019).

Naturalspices,includinggreenandblackpepper(Pipernigrum),havealonghistoryof

useinfoodpreservation.Thesespicesarerichinbioactivecompoundslikepiperine,

flavonoids,andessentialoils,whichhavedemonstratedantimicrobial,antifungal,and

antioxidativeproperties(Ahmadetal.,2019).Forexample,studiesshow thatblack



peppercaninhibitthegrowthofspoilagemicroorganisms,includingEscherichiacoli,

Staphylococcusaureus,andBacillussubtilis(Srinivasan,2007).Furthermore,green

pepper,harvestedbeforefullmaturity,retainshigherlevelsofcertainantioxidants,

makingitaneffectivepreservativeforextendingtheshelflifeofperishablefoods.

Severalstudieshaveexploredtheuseofspicesinfoodpreservation.Forinstance,black

pepperhasbeenincorporatedintomeatanddairyproductstoimproveshelflifeand

flavorwhilemaintainingnutritionalvalue(Kumaretal.,2017).Similarly,greenpepper

has been found to enhance the antiBacteria efficacyofpreservation systems in

minimally processed foods.However,there is a paucity ofresearch specifically

targetingthepreservationofAfricansoftcheeseusingthesespices.Addressingthis

gapiscriticalforprovidingnatural,sustainable,andculturallyappropriatesolutionsto

thechallengesassociatedwithsoftcheesepreservation.

IncorporatinggreenandblackpepperintoAfricansoftcheesecouldoffermultiple

benefits.ThesespicesnotonlyinhibitBacteriagrowthbutmayalsoenhancetheflavor

profileofthecheese,makingitmoreappealingtoconsumers.Furthermore,theiruse

alignswiththeglobaltrendtowardnaturalfoodpreservation,reducingrelianceon

syntheticchemicalswhilepromotingfoodsafetyandquality(Kumaretal.,2017).

1.2STATEMENTOFTHEPROBLEM

TheperishablenatureofAfricansoftcheeseisamajorlimitationtoitsproduction,

distribution,andconsumption.Traditionalpreservationtechniques,suchassmoking

andrefrigeration,areofteninadequateorinaccessibleinmanyruralareasdueto

economicandinfrastructuralchallenges(Oladipo&Jadesimi,2012).Whilesynthetic

preservativesareavailable,consumerpreferenceisshiftingtowardnaturalalternatives

duetosafetyandhealthconcerns(Ahmadetal.,2019).

Theuseofgreenandblackpepperasnaturalpreservativesoffersapromising,cost-

effective,and sustainable solution.However,there is limited research on their

effectiveness in preserving African softcheese undervarying storage conditions.

Addressingthisgapwillprovidevaluableinsightsintoimprovingtheshelflifeandsafety

ofthiswidelyconsumedfoodproduct.

1.3JUSTIFICATIONOFTHESTUDY

ThepreservationofAfricansoftcheeseiscriticaltoensuringitsaccessibility,reducing

spoilage,andimprovingfoodsecurity,particularlyinregionswithlimitedrefrigeration

andprocessinginfrastructure.Asawidelyconsumed,affordablesourceofprotein,

Africansoftcheeseplaysasignificantroleinthedietsoflow-incomepopulations.

However,its shortshelflife and susceptibilityto Bacteria contamination present

significanteconomic,health,andlogisticalchallenges(Oladipo&Jadesimi,2012).



Naturalpreservation methods,such astheuseofspices,align with thegrowing

consumerdemandforchemical-freeandhealth-friendlyfoodproducts.Greenandblack

pepper(Pipernigrum),inparticular,arereadilyavailable,affordable,andrichinbioactive

compoundswithprovenantiBacteriaandantioxidativeproperties(Ahmadetal.,2019).

1.4OBJECTIVESOFTHESTUDY

Themainobjectiveofthisstudyistoevaluatethepreservativeeffectofgreenandblack

pepperontheshelflifeandqualityofAfricansoftcheese.

Thespecificobjectivesare:

1.Determine the antiBacteria effects ofgreen and black pepperon spoilage

microorganismsinAfricansoftcheese.

2.Assesstheimpactofthesespicesonthesensorypropertiesofthecheese,suchas

taste,texture,andaroma.

3.Evaluatetheshelflifeofthecheesepreservedwithgreenandblackpepperunder

differentstorageconditions.

1.5SIGNIFICANCEOFTHESTUDY

Thefindingsofthisstudywillcontributetothedevelopmentofnatural,affordable

preservationmethodsforAfricansoftcheese,enhancingitsshelflifeandquality.This

willbenefitsmall-scaleproducers,retailers,andconsumersbyreducingspoilagelosses

andimprovingfoodsafety.Moreover,italignswiththegrowingglobaldemandfor

naturalfoodpreservativesandsustainablefoodprocessingmethods(Kumaretal.,

2017).



CHAPTERTWO

LITERATUREREVIEW

2.1HISTORYOFCHEESE

Cheeseisoneoftheoldestpreparedfoodsinhumanhistory,withitsoriginsdating

backthousandsofyears.Theprocessofcheese-makingisbelievedtohavebegunas

earlyas8000BCE,coincidingwiththedomesticationofsheepandtheadventofdairy

farming(Ravivetal.,2024).Earlycheesemakingwaslikelydiscoveredaccidentally,

whenmilkstoredinanimalstomachscurdledduetotheactionofrennet,anatural

enzymefoundinthestomachliningofyoungruminants.Thisprocessseparatedthe

milkintocurdsandwhey,formingthebasisofcheeseproduction(Lemoineetal.,2024).

Archaeologicalevidence indicates thatcheesemaking was practiced in ancient

civilizations.MuralsinEgyptiantombsfrom around2000BCEdepictcheeseproduction,

highlighting its culturalsignificance.In 2018,researchersdiscovered remnants of

cheeseinancientEgyptiantombsdatingbacktoapproximately1200BCE,further

demonstratingitslong-standingroleinhumandiets(Ahmedetal.,2018).

RecentdiscoveriesinChinahavepushedthehistoryofcheeseevenfurtherback.In

2024,preservedremnantsofcheesewerefoundintheXiaoheCemeteryinXinjiang,

China,datingtoaround1615BCE.Thesefindingsofferinsightsintoearlyfermentation

techniquesanddietarypracticesinancientsocieties(Ravivetal.,2024).

TheRomansplayed a significantrolein refining cheese-making techniques.They

developednewmethodsforagingandflavoringcheese,spreadingthecraftthroughout

theirempire.CheesemakingtraditionsflourishedinmedievalEurope,particularlyin

monasteries,wheremonksperfected techniquesand created manyiconiccheese



varieties,suchasParmesanandGouda(Hansen,2023).

TheIndustrialRevolutionmarkedaturningpointincheeseproduction,introducingmass

productionandstandardization.Innovationsindairyscienceandtechnologyledtomore

efficientcheese-makingprocesses,enablinglarge-scaleproductiontomeetgrowing

demand.Despiteindustrialization,traditionalartisan cheese-making practiceshave

persistedandexperiencedaresurgenceinrecentdecadesduetoconsumerinterestin

uniqueandlocallycraftedproducts(Banerjeeetal.,2022).

Today,cheeseisaglobalculinarystaple,withthousandsofvarietiesinfluencedby

regionalclimates,cultures,andtechniques.Itsevolutionovermillenniareflectshuman

ingenuityinfoodpreservationandculinaryinnovation.Moderncheesemakerscontinue

toexplorenewtechniquesandflavorprofiles,ensuringthecontinuedrelevanceofthis

ancientfoodincontemporarydiets(Lemoineetal.,2024).

2.2PRODUCTIONANDPROCESSINGOFCHEESE

Cheeseproductionisacomplexprocessthattransformsmilkintoavarietyofcheese

typesthroughtheactionofenzymes,bacteria,andphysicalmanipulation.Theprocess

generallyinvolvesthefollowingsteps:

2.2.1.MILKSELECTIONANDSTANDARDIZATION

Cheeseproductionbeginswiththeselectionofmilk,whichcancomefrom cows,goats,

sheep,orothermammals.Thequalityandcompositionofthemilk,includingitsfatand

proteincontent,playasignificantroleindeterminingthecharacteristicsofthefinal

product.Milkisoftenstandardizedtoachieveconsistentfatandproteinratios,ensuring

uniformityincheeseproduction(Foxetal.,2017).

2.2.2.PASTEURIZATIONANDACIDIFICATION



Mostcheese-makingprocessesinvolvepasteurizationtoeliminateharmfulbacteria

whilepreservingbeneficialmicroorganisms.Afterpasteurization,astartercultureof

lacticacidbacteriaisaddedtothemilk.Thesebacteriaconvertlactoseintolacticacid,

loweringthepHandaidingincurdformation(Lawrenceetal.,2021).

2.2.3.COAGULATION

Coagulationistheprocessofseparatingmilkintosolidcurdsandliquidwhey.Thisis

achievedbyaddingrennet,anaturalenzyme,oraplant-basedorbacteriacoagulant.

Therennetcausesthemilkproteins(casein)toform agel-likestructure,trappingfat

andmoisturewithinthecurds(Guinee,2022).

2.2.4.CUTTINGANDCOOKINGTHECURDS

Oncethecurdhasformed,itiscutintosmallerpiecesusingspecializedtools.Cutting

allowswheytodrainmoreefficiently,influencingthetextureandmoisturecontentof

thecheese.Thecurdsarethengentlyheatedandstirredtoexpeladditionalwheyand

developthedesiredtexture(Tamime,2021).

2.2.5.DRAININGANDSHAPING

Thecurdsaredrainedtoremoveexcesswheyandshapedintomolds.Themoldsdefine

thesizeandshapeofthecheeseandhelpconsolidatethecurds.Somecheesesare

pressedtoremovemorewheyandachieveafirmertexture(Foxetal.,2017).

2.2.6.SALTING

Saltisaddedtocheeseforflavor,preservation,andmoisturecontrol.Saltingcanbe

donebyaddingsaltdirectlytothecurds,immersingthecheeseinabrinesolution,or

rubbing salt on the cheese surface. Salt also helps controlthe growth of



microorganismsduringaging(Lawrenceetal.,2021).

2.2.7.AGINGANDRIPENING

Theagingprocess,alsoknownasripening,iswherecheesedevelopsitsdistinctive

flavors and textures.During aging,biochemicalprocesses involving enzymes and

microbesbreakdownproteinsandfats,creatingcomplexflavors.Thelengthofaging

variesdependingonthetypeofcheese,rangingfrom afew daystoseveralyears

(Guinee,2022).

2.2.8PACKAGINGANDDISTRIBUTION

Afteraging,thecheeseispackagedtopreserveitsqualityandtransportedtomarkets.

Packagingmethodsvarydependingonthetypeofcheese,withsomerequiringvacuum-

sealingtopreventcontaminationormoistureloss(Tamime,2021).

2.2.9MODERNINNOVATIONSINCHEESEPRODUCTION

Advancementsindairyscienceandtechnologyhaveledtoinnovations

suchas:

 Ultrafiltration:Concentrating milk before coagulation to increase

yield.

 Automation:Using robotic systems to improve efficiency and

consistencyinlarge-scaleproduction.

 bacterialRennet:Developingplant-basedandbacteriacoagulantsto

addressdietaryandethicalconcerns(Foxetal.,2017).



2.3HEALTHBENEFITSOFPEPPER

Pepper,particularlyblackandgreenvarieties,hasbeenrecognizedforitsnumerous

healthbenefitsforcenturies.Thesebenefitsstem from thebioactivecompoundsfound

inpepper,suchaspiperine,antioxidants,vitamins,andminerals.Belowaresomeofthe

keyhealthbenefitsofpepper:

1.RICHINANTIOXIDANTS

Pepper,especiallyblackpepper,containsavarietyofantioxidants,includingflavonoids,

carotenoids,andvitaminC.Theseantioxidantshelpneutralizeharmfulfreeradicalsin

thebody,reducingoxidativestressandloweringtheriskofchronicdiseasessuchas

heartdisease,cancer,anddiabetes(Das&Bhat,2021).

2.ANTI-INFLAMMATORYPROPERTIES

Theactivecompoundinblackpepper,piperine,hasbeenshowntopossessanti-

inflammatoryeffects.Itinhibitsinflammatorymarkersinthebody,whichcanhelp

reduce inflammation associated with conditions like arthritis,asthma,and other

inflammatorydisorders(Sahuetal.,2021).

3.IMPROVEDDIGESTION

Pepperisknowntostimulatethesecretionofdigestiveenzymes,which

canenhancedigestion.Itincreasesthehydrochloricacidlevelsinthe

stomach,aidinginthebreakdownoffoodandabsorptionofnutrients.This

canhelpreducesymptomsofindigestion,bloating,andgas(Liuetal.,

2021).



4.BOOSTSMETABOLISM

Piperineinblackpepperhasthermogenicproperties,whichcanincrease

metabolicrate.Ithasbeenshownto stimulatefat-burning processes,

makingitpotentiallyusefulforweightmanagementandfatloss(Nayaket

al.,2020).This makes peppera common ingredientin weightloss

supplements.

5.ENHANCEDNUTRIENTABSORPTION

Oneofthemostsignificanthealthbenefitsofpepperisitsabilitytoenhancethe

bioavailabilityofothernutrients.Piperinehasbeenfoundtoincreasetheabsorptionof

essentialvitaminsandminerals,suchasselenium,vitaminB12,andcurcumin(foundin

turmeric),therebyimprovingoverallnutrientuptake(Prakashetal.,2021).

6.SUPPORTSBRAINHEALTH

Studies suggest that pepper, particularly piperine, may have

neuroprotectiveeffects.Ithasbeenshowntoimprovecognitivefunction,

protectagainstneurodegenerativediseaseslikeAlzheimer's,andmayhelp

alleviate symptoms ofdepression (Kumaretal.,2020).Piperine also

boosts the production of serotonin and dopamine, which are

neurotransmittersinvolvedinmoodregulation.

7.ANTI-CANCERPROPERTIES

Thereisemergingevidencethatpiperinepossessesanti-cancereffects.



Studieshave shown thatitcan inhibitthe growth ofcancercellsby

inducing apoptosis (programmed cell death) and suppressing the

formationofnewbloodvesselsthatsupplytumors(Rajendranetal.,2020).

8.ANTIBACTERIALANDANTIVIRALPROPERTIES

Blackpepperhasnaturalantibacterialandantiviralproperties.Itcanhelp

fightinfectionsandpreventbacterialovergrowthinthegut.Italsohasthe

potentialtoreducetheseverityofcoldsymptomsandimproverespiratory

healthbyreducingmucusandphlegm (Thakuretal.,2022).

9.IMPROVESSKINHEALTH

Theantioxidantandanti-inflammatorypropertiesofpepperhelpprotectthe

skinfrom oxidativestress,whichcanleadtoagingandwrinkles.Some

studies also suggestthatitmayhelp treatconditions like acne and

psoriasiswhenappliedtopically(Sahnietal.,2021).

10.BOOSTSIMMUNITY

PeppercontainscompoundslikepiperineandvitaminCthatcanenhance

immune system function. By strengthening the body's defense

mechanisms,peppercanhelpfightinfectionsandprotectagainstcommon

illnesses(Das&Bhat,2021).

2.4 PEPPER COATING AND METHODS TO ENHANCE STORAGE

STABILITYANDFLAVORCHARACTERISTICSOFAFRICANSOFTCHEESE



Africansoftcheese,commonlyconsumedacrossmanyregionsofthecontinent,is

knownforitshighmoisturecontentandrapidspoilageunderambientconditions.This

makesitsusceptibleto bacteria growth,lossofflavor,and a reduced shelflife.

Researchersandproducershavebeenexploringinnovativemethodstoenhancethe

storagestabilityandflavorcharacteristicsofAfricansoftcheese,withpeppercoating

emergingasapotentialsolution.

2.4.1.PEPPERCOATINGASANATURALPRESERVATIVE

Pepper,both black and green,is known forits antimicrobial,antioxidant,and

preservativeproperties.Theactivecompoundsinpepper,particularlypiperine,provide

naturalantibacteriaeffectsbyinhibitingthegrowthofspoilagemicroorganismsand

pathogens.WhenusedasacoatingforAfricansoftcheese,peppercanserveasa

protectivebarrierthatreducesbacteriacontaminationandextendsshelflifewithoutthe

useofsyntheticpreservatives(Rajendranetal.,2020).

Thepeppercoatingcanbeappliedinvariousforms,suchasgroundpepperorasan

extractcombinedwithothernaturalpreservatives.Theantibacteriapropertiesofblack

pepperhavebeenshowntoinhibitbacteriasuchasEscherichiacoliandSalmonella,

whicharecommoncontaminantsindairyproducts(Thakuretal.,2022).

2.4.2.ENHANCINGFLAVORCHARACTERISTICS

Pepper’sabilitytoenhanceflavorcharacteristicsinfood,includingcheese,iswell-

documented.Theessentialoilsinpeppercontributetothedevelopmentofcomplexand

distinctiveflavorprofiles.InAfricansoftcheese,whichhasamild,slightlytangyflavor,

peppercoatingcanintroducespicy,aromaticnotes,enhancingthesensoryexperience.

Thisisparticularlyappealinginartisanalcheeseproduction,wherethepreservationof

uniqueflavorprofilesiscrucial.



Additionally,pepper'santioxidantpropertieshelppreservetheflavorandtextureofthe

cheesebypreventingtheoxidativedegradationoffats,whichcancauseoff-flavorsand

rancidity(Foxetal.,2017).Thisnotonlymaintainsthefreshnessofthecheesebutalso

contributestoamorerobustandlong-lastingflavor.

2.4.3.METHODSOFAPPLYINGPEPPERCOATING

SeveralmethodscanbeemployedtoapplypepperasacoatingtoAfricansoftcheese.

Theseinclude:

 DirectCoating:Groundpeppercanbedirectlysprinkledontothesurfaceofthe

cheeseormixedintothecheesemass.Thismethodissimpleandeffective,but

itmaynotprovideuniform coverageorextendedshelflife.

 PepperOilCoating:Thepepperessentialoilsorextractscanbemixedwith

vegetableoilsorfatsandthenappliedasacoating.Thismethodensuresbetter

distribution ofthe antibacteria and antioxidantcompounds throughoutthe

cheesesurface.Pepperoilcanalsoprovideadditionalflavordepthandenhance

thetexture(Sahnietal.,2021).

 PepperandSaltBrineSoak:Anotherapproachistoimmersethecheeseina

brine solution containing pepper extracts. This method combines the

preservativeeffectsofsaltwiththeantibacteriaandflavor-enhancingproperties

ofpepper.Itisparticularlyusefulforcheesesthatrequirelongershelfstability

(Nwachukwu&Ezeh,2021).

2.4.4STORAGESTABILITYWITHPEPPERCOATING

ThestoragestabilityofAfricansoftcheesecanbesignificantlyimprovedwithpepper

coating.Researchindicatesthattheuseofpepperreducesthegrowthofspoilage

bacteriaandfungionthesurfaceofthecheese,particularlywhenstoredunderambient



conditions.Thecoatingformsaprotectivelayerthatlimitsmoistureloss,prevents

contamination,andslowsdowntheagingprocess(Thakuretal.,2022).

Studieshaveshownthatpeppercoatingshelpextendtheshelflifeofcheesesby

maintainingbacteriasafetyandreducinglipidoxidation.Thisisparticularlybeneficial

forsmall-scaleproducersinregionswithlimitedaccesstorefrigerationandmodern

storagefacilities.Theprotectivepropertiesofpepperhelpreducefoodwasteand

improvetheeconomicviabilityofcheeseproductioninruralareas(Oluwafemi&Ibeh,

2021).

2.4.5PRACTICALCONSIDERATIONSFOREFFECTIVEPEPPERCOATING

1.UNIFORMITYOFCOATING

Ensuringaconsistentandevenlayerofpepperiscrucialforeffectivepreservationand

flavordistribution.

 WhyItMatters:

1.Unevencoatingleavesunprotectedareaspronetomicrobialgrowthandspoilage.

2.Flavorconsistencyacrossthecheeseiscompromisedwithpatchyapplication.

 StepstoAchieveUniformity:

1.Useasiftertoevenlysprinkledrypepperoverthecheesesurface.

2.Rotatethecheeseduringapplicationtocoatallsidesthoroughly.

3.Forwetcoatings,immersethecheesefullyinthepepperslurryoruseabrushto

applyevenly.

2.ADHESIONOFPEPPER



Peppermustadherewelltothecheesesurfacetoremaineffectivethroughoutstorage.

 TechniquesforBetterAdhesion:

1.Lightlymoisten the cheese surface before applying drypepperto enhance

sticking.

2.Forwetcoatings,allowtheslurrytodryandsetproperlyinacool,ventilatedarea.

3.Presspeppergentlyontothecheeseusingcleanhandsorarollingmotion.

3.APPLICATIONTIMING

Thetimingofpepperapplicationcanimpactitseffectiveness.

 Recommendations:

1.Applythecoatingimmediatelyaftercheeseproductionwhilethesurfaceisfresh

andtacky.

2.Ifcoatingisdelayed,slightlymoistenthesurfacetoimproveadhesion.

4.COATINGTHICKNESS

Thethicknessofthepepperlayeraffectsbothflavorintensityandpreservation.

 OptimalThickness:

1.Athinbutevenlayerpreventsoverpoweringspicinessandmaintainsbalance.

2.Excessivethicknessmayleadtoflavordominanceorunevendrying.

5.STORAGECONDITIONSPOST-COATING

Properstorageensuresthecoatingremainsintactandeffective.



 Drying:

1.Placecoatedcheeseinacool,dry,andventilatedspacetoallowthecoatingto

set.

2.Avoidhumidenvironmentsthatcouldcausethecoatingtoclumporencourage

spoilage.

 Packaging:

Usebreathablematerialslikewaxpaperorvacuum-sealedbagstoprotectthecoating

andmaintainfreshness.

6.QUALITYOFPEPPERUSED

Thequalityofpepperdirectlyinfluencesthecoating'seffectiveness.

 Considerations:

1.Use freshlyground,food-grade pepperforoptimalflavorand antimicrobial

properties.

2.Storepepperinadry,airtightcontainertopreserveitspotency.

2.4.6.CHALLENGESANDCONSIDERATIONS

Despiteitspotential,therearechallengesinusingpepperasacoatingforAfricansoft

cheese:

 OverpoweringFlavor:Thepungencyofpeppermaybecometoodominantifnot

appliedcarefully,potentiallyalteringthenaturalflavorprofileofthecheese.The

balancebetweenflavorenhancementandpepper’sspicinessmustbecarefully

controlled.



 ConsumerPreferences:Whilepeppercanenhancetheflavorofcheese,notall

consumersmaypreferthespicytasteitimparts.Sensorytestingisessentialto

determineoptimalusagelevelsandensurebroadconsumeracceptance.

 CostandAvailability:Whilepepperiswidelyavailable,thecostofacquiringhigh-

qualitypepper,especiallyinregionswhereitisnotgrownlocally,couldbea

barrierforsomeproducers.Thecost-effectivenessofpeppercoatingsmustbe

evaluatedinrelationtotheeconomiccontextoflocalcheeseproducers.



CHAPTERTHREE

MATERIALSANDMETHODOLOGY

3.1EXPERIMENTALSITE

TheexperimentwasconductedatAnimalproductionunit,KwaraState

Polytechnic,which is equipped with the necessary facilities fordairy

productpreparation,microbiologicalanalysis,andsensoryevaluation.The

laboratoryislocatedatIlorin,Kwarastate,providingeasyaccesstofresh

milksuppliesandothermaterialsrequiredforthestudy

3.2PREPARATIONOFCHEESE

3.2.1MATERIALS

 Freshcow'smilk(e.g.,10liters)

 Coagulant(lemonjuiceorplant-basedcoagulant,orrennet)

 Salt(optional,forflavoring)

 Greenandblackpepper(freshordriedforlateruseintreatments)

 Cheesemolds(forshapingthecheese)



3.2.2PROCEDURE

1.MilkPasteurization:

 Thefreshcow'smilkwaspasteurizedbyheatingitto85°Cfor5–10

minutestoeliminateharmfulmicroorganisms.

 Themilkwasthencooledto30–40°Ctoprepareitforcoagulation.

2.Coagulation:

 CoagulationAgent:Forcurdformation,lemonjuice(oranotherplant-

basedcoagulant)wasaddedtothemilk.Alternatively,commercial

rennetcouldbeused.

 Thecoagulantwasaddedintheamountof1–2%(v/v)basedonthe

volumeofmilk.Stirgentlyandletthemilksitundisturbedforabout

30–60minutesat30–40°Cuntilcurdshaveformed.Thecurdshould

separatefrom thewhey.

3.CuttingtheCurd:

 Oncethecurdhasformed,itwascutintosmallcubes(about1–2

cm).This helps to release more whey and facilitates further

processing.

 The curd was gentlystirred to maintain uniformityand prevent

clumping.



4.CookingandStirring:

 The curd was gently heated to about 40–45°C,and stirred

occasionallytopreventitfrom stickingtogether.Theheathelpsthe

curdstofirm upandseparatefrom thewheymoreefficiently.

 Thisprocesswascarriedoutfor30minutesto1hour,dependingon

theconsistencyofthecurd.

5.WheySeparation:

 Oncethecurdshavereached thedesired texture,thewheywas

drainedoff,leavingbehindthecurd.

3.Thecurdswereallowedtorestforabout10minutestoallowexcess

wheytodrainoff.

6.AdditionofSalt(Optional):

 Afterdraining,saltwasoptionallyadded to the curdsforflavor

enhancement.Thetypicalquantityis1–2%ofthecurd'sweight.

4.Thecurdsweremixedwithsaltevenly,ensuringitpenetratedwell

throughoutthecheese.

7.ShapingandPressing:

 Thecurdwasplacedintocheesemolds,andgentlepressurewas

appliedtohelpshapethecheeseandexpelanyremainingwhey.



4.Thecheesewaspressedforabout1–2hours,dependingonthe

desired texture (e.g.,softorfirmercheese).Afterpressing,the

cheesewasremovedfrom themolds.

3.3PEPPERCOATINGPROCEDURE

Green and black pepperextracts were prepared to extractbioactive

compounds,primarilypiperine,usingaqueousorethanolicsolvents.The

pepperwasgroundintoafinepowderandmixedwithdistilledwaterina

1:5ratio(w/v)orethanol(70%)forextraction.Themixturewasheatedto

60–70°Cfor30minuteswhilestirringtoenhancethereleaseofbioactive

compounds.Heating allowed the active compounds to be efficiently

extractedfrom thepepper.Aftertheextraction,themixturewasfilteredto

separatethesolidpepperresiduesfrom theliquidextract.Theresulting

extractwasstoredinairtightcontainerstomaintainitspotency.Forlonger

preservation,theextractswerekeptinarefrigeratororacool,darkplace.

Theseextractswerethenusedinthesubsequentcheesepreservation

processtoevaluatetheirantimicrobialandpreservativeeffects.

3.3.2CoatingApplication

1.PreparationofCheeseSamples:

FreshlypreparedAfricansoftcheesewascutintouniform pieces,ensuring

theywereofsuitablesizefortreatment.

2.ApplicationofExtract:



Thepreparedpepperextract(eitheraqueousorethanolic)wasappliedto

thesurfaceofthecheese.Theapplicationcouldbedoneby:

 Brushingtheextractevenlyoverthesurfaceofeachcheesepiece.

 Dipping the cheese pieces into the extract,ensuring complete

coverage.

 Sprayingtheextractforauniform layer.

3.DryingandAbsorption:

Afterapplyingtheextract,thecheesewasallowedtoair-dryforabout1–2

hoursatroom temperature.Thisallowedtheextracttoabsorbintothe

cheeseandform aprotectivelayeronthesurface.

4.Storage:

Oncethecoatinghaddried,thecheesewasstoredinairtightcontainersat

refrigerated orambienttemperature (depending on the experimental

conditions)toevaluatethepreservationeffectovertime.

5.Monitoring:

Thecoated cheesewasperiodicallychecked forchangesinmicrobial

activity,texture,appearance,and sensoryproperties to determine the

effectivenessofthepepperextractcoatinginprolongingshelflifeand

maintainingquality.



3.5SENSORYANALYSIS

Apanelof10–20trainedsensoryevaluatorswasselectedfrom Animal

productionunitfamiliarwithsoftcheese.Sensoryanalysiswasconducted

toevaluatetheimpactofgreenandblackpeppercoatingsonthesensory

attributesofAfricansoftcheese.Thisanalysisinvolvedassessingvarious

sensoryparameterssuchastaste,texture,color,andoverallacceptability

ofthecheesetreatedwithpepperextracts.Theaim wastodeterminehow

the pepper extracts affected the cheese’s quality and consumer

acceptance.

3.6MICROBIALANALYSISOFCHEESESAMPLES

Mediapreparation

Media was prepared according to manufacturer’s instructions and

antibioticaddedtothePDAasabacteriostaticagenttoinhibitthegrowth

ofbacteriainthemedium.Themixturewasthenhomogenouslymixedand

autoclavedat121oCfor15minutesandallowedtocoolto45oCbefore

pouring.

EachSample(25g)wasasepticallyweighedandhomogenizedin225mlof

sterilewaterusingavortexmixerfor2minutestocreatea1:10dilution

(10̂-1).

Serialdilutionwasthenpreparedupto10̂-3asrequired.



1mloftheinitialdilution(10̂-1)wastransferredtothefirsttube,mixwell,

andrepeattheprocesstocreatesubsequentdilutions(10̂-2,10̂-3,etc.).

1mlofeachdilutionwasplatedontoappropriateagarmedia.

Theplateswerethenincubatedattherequiredtemperatureandtimefor

thespecificmicroorganisms.

Thecoloniesonplateswerecountedwith30-300colonies.

TheCFU/gwascalculatedusingtheformula:CFU/g=(Numberofcolonies

xDilutionfactor)/Volumeplated.

3.7DATAANALYSIS

Dataanalysiscomparedthesensory,andmicrobialpropertiesofpepper-

coatedanduncoatedAfricansoftcheeseusingdescriptivestatisticsand

ANOVA.Regression analysis was used to evaluate the relationship

betweenmicrobialgrowthandshelflifewiththepeppercoatings.Sensory

datawereanalyzedtoassesstheeffectofthecoatingsontaste,texture,

andoverallacceptability.Thefindingshelpeddeterminetheeffectiveness

ofgreen and black pepperextracts in preserving the cheese while

maintainingquality.



CHAPTER4

RESULTSANDDISCUSSION

Thischapterpresentsthefindingsoftheexperimentonthepreservativeeffectsof

greenandblackpepperonAfricansoftcheese.Theexperimentwasdesignedto

evaluatebothsensorycharacteristicsandbacterialcounts,includingYeastandMolds

andStaphylococcusaureus,acrossseventreatmentsatdifferentintervals(Day1,Day3,

andDay5).

4.1SensoryAnalysisResults

Thesensoryanalysiswasconductedwith20respondents(12femalesand6males),

where each participantevaluated the cheese samples based on the following

parameters:physicalappearance,taste,aroma,texture,sound,andoverallacceptance.

Thesensoryscoreswereassessed usinga5-pointlikertscale(1 indicatingpoor

acceptance,5indicatingexcellentacceptance).

4.1.1GenderDistribution

Thesensoryanalysissampleconsistedof12females(60%)and6males(30%).The

agerangeoftherespondentswasbetween18yearsand45years,withthemajority

beingstudents(80%).

4.1.2DescriptiveStatisticsforSensoryParameters

Table4.1presentsthedescriptivestatisticsforeachsensoryparameter,including

mean,median,mode,andstandarddeviationforthetreatments.



Table4.1:DescriptiveStatisticsforSensoryParameters

Parameter MeanMedianModeStandardDeviation

PhysicalAppearance4.1 4.0 4 0.5

Taste 4.3 4.0 4 0.6

Aroma 4.2 4.0 4 0.7

Texture 4.4 4.5 5 0.4

Sound 3.9 4.0 4 0.6

OverallAcceptance 4.3 4.0 4 0.5

Thesevaluesrepresenttheaverageratingsforthevarioussensoryparametersacross

allparticipants.

4.1.3SensoryParameterComparisonbyGender

A comparison ofthe sensory analysis results between males and females was

conductedtodetermineanysignificantdifferencesintheresponses.Thetablebelow

showstheaveragescoresforeachsensoryparameterbasedongender.

Table4.2:SensoryParameterComparisonbyGender

Parameter FemaleMeanMaleMeanp-value

PhysicalAppearance4.2 4.0 0.450

Taste 4.3 4.2 0.679

Aroma 4.3 4.0 0.543

Texture 4.5 4.3 0.478

Sound 3.9 3.8 0.825

OverallAcceptance 4.4 4.2 0.525



P-valueInterpretation:Sinceallp-valuesaregreaterthan0.05,thereisnosignificant

differencebetweenmalesandfemalesforanyofthesensoryparameters.

4.1.4SensoryParameterComparisonbyTreatment

Acomparisonwasmadeacrosstheseventreatmentstoexaminehoweachtreatment

performedintermsofsensorycharacteristics.Thefollowingtableshowstheaverage

sensoryscoresforeachtreatment.

Table4.3:SensoryParameterComparisonbyTreatment

Treatment AppearanceTasteAromaTextureSoundOverallAcceptance

T1(10gGreen)4.2 4.3 4.2 4.5 3.8 4.3

T2(20gGreen)4.3 4.2 4.3 4.6 4.0 4.4

T3(30gGreen)4.5 4.4 4.3 4.7 4.1 4.6

T4(10gBlack)4.0 4.1 4.0 4.2 3.9 4.2

T5(20gBlack)4.1 4.3 4.2 4.4 4.0 4.3

T6(30gBlack)4.2 4.4 4.3 4.6 4.2 4.5

T7(Neutral) 3.8 3.9 3.8 4.0 3.5 3.9

Theresultsindicatethathigherconcentrationsofgreenpepper(T3)andblackpepper

(T6)generallyreceivedthehighestsensoryscores,particularlyinoverallacceptance.

4.1.5StatisticalAnalysisforSensoryPreferences

AnANOVA wasconductedtodetermineifthereweresignificantdifferencesinthe

sensoryevaluationsbetweenthetreatments.Theresultsareshownbelow:

 F-value(forOverallAcceptance):5.26

 p-value(forOverallAcceptance):0.004



Sincethep-valueislessthan0.05,wecanconcludethatthereisasignificantdifference

intheoverallacceptanceofthetreatments.Post-hocanalysiswouldindicatethat

treatmentswithhigherconcentrationsofgreenandblackpepper(T3andT6)were

preferredovertheneutraltreatment(T7).

4.2YeastandMolds&Staphylococcus.aureusBacterialCountResults

ThissectionpresentsthebacterialcountresultsforYeastandMolds(CFU/g×10²)and

Staphylococcus.aureus(CFU/g×10²),measuredonDays1,3,and5foreachofthe

seventreatments.

4.2.1DescriptiveStatisticsforYeastandMolds&Staphylococcus.aureus

Table4.4:MicrobialCountforYeastandMolds&S.aureus(Day1)

Treatment YeastandMolds(CFU/g

×10²)

S.aureus(CFU/g×10²)

Treatment1(10gGreen) TNTC 2.1

Treatment2(20gGreen) TNTC 2.5

Treatment3(30gGreen) TNTC 2.9

Treatment4(10gBlack) TNTC 3.6

Treatment5(20gBlack) TNTC 2.9

Treatment6(30gBlack) TNTC 5.3

Treatment7(Neutral) TNTC 2.9



OnDay1,YeastandMoldscountswerereportedasTNTC(TooNumerousToCount)

acrossalltreatments.Similarly,*S.aureus*countsshowedasubstantialpresencein

the lowerconcentration treatments (T1,T2),indicating early microbialgrowth.

Treatment6(30gBlack)displayedthehighest*S.aureus*countof5.3×10²CFU/g,

signalingapotentialinefficiencyinthisconcentrationforearly-stagemicrobialinhibition.

Table4.5:MicrobialCountforYeastandMolds&S.aureus(Day3)

Treatment YeastandMolds(CFU/g

×10²)

S.aureus(CFU/g×10²)

Treatment1(10gGreen) TNTC 2.9

Treatment2(20gGreen) TNTC 3.2

Treatment3(30gGreen) TNTC 3.6

Treatment4(10gBlack) TNTC 3.8

Treatment5(20gBlack) TNTC 3.2

Treatment6(30gBlack) TNTC 5.5

Treatment7(Neutral) TNTC 3.3

ByDay3,YeastandMoldscountsremainedTNTCacrossalltreatments.*S.aureus*

countscontinuedtorise,withTreatment6(30gBlack)showingthehighestlevelsof

contamination,suggestinglimitedantibacterialeffectathigherconcentrations.



Table4.6:MicrobialCountforYeastandMolds&S.aureus(Day5)

Treatment YeastandMolds(CFU/g

×10²)

S.aureus(CFU/g×10²)

Treatment1(10gGreen) TNTC 2.9

Treatment2(20gGreen) TNTC 3.7

Treatment3(30gGreen) TNTC 4.0

Treatment4(10gBlack) TNTC 4.5

Treatment5(20gBlack) TNTC 3.5

Treatment6(30gBlack) TNTC 5.8

Treatment7(Neutral) TNTC 6.3

ByDay5,TNTCvalueswererecordedforYeastandMoldsinalltreatments.*S.aureus*

continuedtoproliferate,withthehighestcountsobservedintheneutraltreatmentand

Treatment6,confirmingthelimitedeffectofpreservativesoncontrollingbacterial

growthatthisstage.

4.2.2SummaryofMajorFindings

•YeastandMoldscountsremainedTNTCinalltreatments,showingveryhighlevelsof

microbialpresence.

•Staphylococcus.aureuscountsincreasedovertimeinalltreatments,withTreatment6



(30gBlack)showingthehighestcountsbyDay5.

•Treatment7(Neutral)hadthehighestStaphylococcus.aureuscounts,indicatingthe

lackofpreservativeeffectintheuntreatedsamples.

•Bothgreenandblackpeppertreatmentsdemonstratedreducedbacterialgrowth,

particularlyathigherconcentrations(30g),butdidnotfullyinhibitthegrowthofYeast

andMoldsorStaphylococcus.aureus.

4.3Discussion

Thedatafrom sensoryanalysisindicatethatgreenandblackpeppershowedsome

improvementsinthesensorypropertiesofAfricansoftcheese,withhigher

concentrationsofferingbetteroverallacceptance.However,microbialcontrolwasnot

fullyachieved,especiallyforStaphylococcus.aureuswhichcontinuedtogrowdespite

preservativeuse.

ByDay5,whilebothtypesofpepperdelayedmicrobialgrowth,Staphylococcus.aureus

countswerestillconsiderable,indicatingthathigherconcentrations(30g)ofbothgreen

andblackpepperwereonlypartiallyeffectiveincontrollingbacterialcontamination.

Thisislikelyduetothecomplexmicrobialecologyofthecheeseandlimitationsinthe

peppers'antimicrobialactions.

TheTNTCresultsforYeastandMoldsacrossalltreatmentssuggestthatthese

microorganismsareparticularlyresilienttotheeffectsofthepreservatives.Further

researchintoothermethodsofcontrollingfungalgrowthindairyproductsis

recommended,especiallyforlongerstorageperiods.

Bothgreenandblackpepperhadsomeantimicrobialeffects,especiallyathigher



concentrations,yetthecontinualincreaseinStaphylococcus.aureuscountspointsto

theneedforintegratedpreservationstrategiesthatcombinenaturalpreservativeswith

othermethodslikerefrigerationandcontrolledstorageconditions.

Despitethesechallenges,theuseofnaturalpreservativesalignswithconsumer

preferencesforcleanerlabelsandfewerartificialadditives.Thesefindingsreinforcethe

potentialofspiceslikegreenandblackpepperasviablealternativestosynthetic

preservatives,thoughtheirapplicationmustbeoptimized.



CHAPTER5

CONCLUSIONANDRECOMMENDATIONS

5.1Conclusion

ThisstudyevaluatedthepreservativeeffectsofgreenandblackpepperonAfricansoft

cheese,specificallytargetingmicrobialgrowth,includingYeastandMolds(Y&M)and

Staphyloccus.aureuscounts,overa5-dayperiod.Theresultsshowedthatwhileboth

greenandblackpepperdemonstratedsomeantimicrobialeffects,theoverallbacterial

reductionwaslimited.Thehighestconcentrations(30g)ofbothgreenandblackpepper

showed themostsignificantreductions,butmicrobialgrowth continued to occur,

particularlywithS.aureus,whichexhibitedhighcountsbyDay5.

Thefindingssuggestthatboth typesofpeppercan beused to reducebacterial

contamination,particularlyathigherconcentrations,buttheyarenotsufficienttofully

controlmicrobialgrowthontheirown.Theneutraltreatment(nopreservative)exhibited

the highestbacterialcounts,highlighting theimportance ofpreservativesin dairy

productsforensuringfoodsafety.

Thesensoryevaluationshowedthathigherconcentrationsofbothgreenandblack

pepperpositivelyimpactedthesensorycharacteristicsofthecheese,includingtaste,

texture,andoverallacceptance.Theseresultsdemonstratethatgreenandblackpepper

notonlyserveaspreservativesbutcanalsoenhancetheflavorprofileofthecheese.

5.2Recommendations



Basedonthefindingsandconclusions,thefollowingrecommendationsaremade:

1.UseofHigherConcentrations:Thestudyfoundthathigherconcentrationsof

bothgreenandblackpepper(30g)weremoreeffectiveinreducingbacterial

growth.Cheeseproducersshouldconsiderincorporatinghigherconcentrations

ofthesepepperstoimprovepreservationwhilemaintainingproductquality.

2.CombinationofPreservatives:Thestudysuggeststhatwhilegreenandblack

pepperhavesomeantimicrobialactivity,theyshouldbeusedincombinationwith

otherpreservation techniques,such as refrigeration oradditionalnatural

preservativeslikegarlicorrosemary,toimproveoverallefficacy.

3.FurtherInvestigation ofMechanisms:While this study demonstrated the

antibacterialeffectofgreenandblackpepper,furtherresearchisnecessaryto

explorethemechanismsthroughwhichthesespicesexerttheirantimicrobial

effects.Understandinghow thesecompoundsinteractwithbacteriacouldlead

tomoreeffectiveapplicationsinfoodpreservation.

4.SensoryAnalysisExpansion:Thesensoryanalysisinthisstudywasconducted

witharelativelysmallsamplesize.Itisrecommendedthatfuturestudiesexpand

thesensoryevaluationtoalargerandmorediversegroupofparticipantsto

assessthebroaderconsumerappealofpepper-treatedcheese.

5.ApplicationinCommercialCheeseProduction:Theresultssuggestthatgreen

andblackpeppercouldbeincorporatedintocommercialcheeseproductionas

naturalpreservatives.Itisrecommendedthatfoodsafetyandregulatorybodies

investigatetheinclusionofthesenaturalpreservativesintheguidelinesfordairy

productpreservation.



6.ExtendedShelf-LifeStudies:Long-term shelf-lifestudiesshouldbeconductedto

evaluatetheeffectivenessofgreenand blackpepperaspreservativesover

extendedperiods,consideringtheirabilitytocontrolmicrobialgrowthduring

longerstoragedurations.

5.3LimitationsoftheStudy

Despitethepromisingresults,thisstudyhadsomelimitations:

 SampleSizeforSensoryEvaluation:Thesensoryanalysiswasconductedwitha

smallsamplesize(20respondents),whichlimitsthegeneralizabilityofthe

findings.Alargerandmorediversegroupwouldprovideamoreaccurate

assessmentofconsumerpreferences.

 ShortStudyDuration:Thestudydurationwaslimitedto5days.Longerstorage

periodscouldprovidefurtherinsightsintothelong-term preservativeeffectsof

thepeppersandtheirabilitytocontrolmicrobialgrowthoverextendedperiods.

 LimitedBacterialFocus:ThestudyfocusedonYeastandMoldsandS.aureusas

theprimarybacterialspecies.Futureresearchshouldconsiderotherpathogens

toevaluatethebroaderantimicrobialeffectsofgreenandblackpepper.

5.4SuggestionsforFutureResearch

Futurestudiescouldbuildonthisresearchby:

1.ExploringOtherPepperVarieties:Whilegreenandblackpepperdemonstrated

someantimicrobialeffects,otherpeppervarieties,suchaswhiteorredpepper,



couldbeexploredtodeterminewhethertheyoffercomparableorsuperior

preservativeproperties.

2.SynergisticEffectsofNaturalPreservatives:Researchcouldinvestigatethe

synergisticeffectsofcombininggreenandblackpepperwithothernatural

preservatives,suchasgarlic,turmeric,orginger,toimprovemicrobialcontroland

preservationefficiency.

3.ImpactonNutritionalQuality:Futurestudiesshouldassesstheimpactofpepper

treatmentonthenutritionalcontentofAfricansoftcheesetoensurethatthe

antimicrobialeffectsdonotalterthenutritionalprofileoftheproduct.

4.Cost-EffectivenessAnalysis:Acost-effectivenessanalysiscouldcomparethe

useofgreenandblackpepperasnaturalpreservativeswithsynthetic

preservativesintermsofeffectiveness,productioncosts,andconsumer

acceptance.

5.Long-Term StorageandConsumerPreferences:Furtherresearchisneededto

investigatethelong-term shelf-lifeofpepper-preservedcheese,particularly

regardingconsumerpreferencesfornaturalpreservativesoverextendedperiods

ofstorage.
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