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ABSTRACT

The emergence and spread ofantimicrobialresistance (AMR)among pathogenic

microorganismsposeasignificantthreatto globalpublichealth.To addressthis

challenge,thepresentstudyaimedtoisolateandscreenpotentialantibiotic-producing

bacteriafrom soilsamplescollectedfrom differentenvironments.Threesoilsamples

werecollectedandanalyzedforphysicochemicalcharacteristicsincludingcolor,texture,

pH,moisturecontent,andporosity.ThepHvaluesrangedfrom 7.21to7.48,moisture

contentfrom 10.71% to16.83%,andporosityfrom 10.64% to15.47%.Atotaloffour

bacterialisolateswereobtained,withsampleChavingthehighestviablebacterialcount

(19.9×10⁵cfu/g)comparedtosampleA(4.2×10⁵cfu/g)andsampleB(4.1×10⁵

cfu/g).Theisolatesweresubjected to primaryscreening forantimicrobialactivity

againstEscherichia coliand Staphylococcusaureususing the agarwelldiffusion

method.Amongtheisolates,B1(Bacillusspp.)exhibitedthehighestzoneofinhibition

againstE.coli(17mm)andmoderateactivityagainstS.aureus(6mm),indicating

strongbroad-spectrum antimicrobialpotential.Biochemicalcharacterizationrevealed

diverse metabolic capabilitiesamong the isolates,with B1(Bacillus spp.)showing

positiveresultsforcatalase,coagulase,citrate,andmethylredtests.Thesefindings

suggestthatsoilisarichreservoirofbioactivemicrobialagents,andisolateB1(Bacillus

spp.),inparticular,holdspromiseforthedevelopmentofnovelantibioticstocombat

antimicrobialresistance.



x
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CHAPTERONE

INTRODUCTION

1.1 IntroductionAndLiteratureReview

Antimicrobialresistance(AMR)standsasoneofthemostpressingglobalhealth

challengesofthe21stcentury,threateningtoreversedecadesofprogressin

medicine and public health (WHO,2020a).The ability ofmicroorganisms,

particularly bacteria,to resistthe effects ofantimicrobialdrugs renders

previously treatable infections difficultorimpossible to cure,leading to

prolongedillness,increasedmortalityrates,andsignificanteconomicburdens

(CDC,2023).Thiscrisisismultifaceted,drivenbytheoveruseandmisuseof

antibioticsinhumanmedicine,agriculture,andanimalhusbandry,aswellas

inadequate sanitation,poorinfection controlpractices,and a lack ofnew

antibioticdevelopment(O'Neill,2016;Prestinacietal.,2020).

TheconsequencesofAMRarefar-reaching.Commoninfectionslikepneumonia,

tuberculosis,sepsis,andgonorrheaarebecomingincreasinglydifficulttotreat,

leadingtohigherratesoftreatmentfailureandtheneedformoreexpensive,

toxic,and often lesseffectivealternativetherapies(Tacconellietal.,2018;

Laxminarayan etal.,2022).Surgicalprocedures,organ transplantation,and

cancerchemotherapy,whichrelyheavilyoneffectiveantimicrobialprophylaxis,

becomeriskierintheabsenceofreliableantibiotics(Ventola,2015).TheWorld

HealthOrganization(WHO)hasidentifiedalistofprioritypathogens,including
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carbapenem-resistantAcinetobacterbaumannii,extended-spectrum β-lactamase

(ESBL)-producingEnterobacteriaceae,andmethicillin-resistantStaphylococcus

aureus(MRSA),forwhichnewantibioticsareurgentlyneeded(WHO,2020b).The

economic impactofAMR is equallystaggering,with estimates suggesting

billionsofdollarsinhealthcarecostsandlostproductivityannually(OECD,2018;

Dadgostar,2019).Withoutconcertedglobalaction,projectionsindicatethatAMR

couldcause10milliondeathsperyearby2050,surpassingcancerasaleading

causeofdeath(O'Neill,2016).Thisgrim outlookunderscoresthecriticaland

urgent need for the discovery and development of novelantimicrobial

compounds.

Intherelentlesspursuitofnewantibiotics,environmentalreservoirs,particularly

soil,haveemergedasparamountsourcesofnovelantimicrobialagents.Soilis

notmerelyan inertsubstrate;itisadynamic,complex,and highlydiverse

microbialecosystem,teeming with an astonishing arrayofbacteria,fungi,

archaea,andviruses(Fierer,2017;Trivedietal.,2020).Asinglegram ofsoilcan

harborbillionsofmicrobialcellsbelongingtothousandsofdifferentspecies,

manyofwhichremainunculturedanduncharacterized(Daniel,2005;Hugetal.,

2016).This immense biodiversityis a directconsequence ofthe intricate

ecologicalinteractionsoccurringwithinthesoilmatrix,wheremicroorganisms

competeforlimitedresources,engageinsymbioticrelationships,andproducea

vastrepertoireofsecondarymetabolitestogainacompetitiveadvantage(Berdy,

2020).
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Thesesecondarymetabolites,whichincludeantibiotics,antifungals,antivirals,

andimmunosuppressants,arenotdirectlyinvolvedintheprimarymetabolic

processes ofgrowth and reproduction butplay crucialroles in microbial

communication,defense,andadaptationtoenvironmentalstresses(Davies&

Davies,2010;Genilloud,2017).Theconstantevolutionarypressurewithinsoil

communities has driven the developmentofhighlypotentand structurally

diversebioactivecompounds.Thismakessoilanunparallelednaturallibraryfor

drugdiscovery,afacthistoricallyvalidatedbytheoriginsofmanyclinically

importantantibiotics.

Thegoldeneraofantibioticdiscovery,spanningfrom the1940stothe1960s,

was largelyfueled bythe exploration ofsoilmicroorganisms.The seminal

discoveryofpenicillinbyAlexanderFlemingin1928from thefungusPenicillium

notatum laid the groundwork,butitwas the systematic screening ofsoil

microbesthattrulyrevolutionizedmedicine(Aminov,2010).SelmanWaksman's

pioneering work in the 1940s led to the isolation ofstreptomycin from

Streptomycesgriseus,asoil-dwellingbacterium,markingthebeginningofthe

'streptomycinera'andtherecognitionofactinobacteriaasprolificproducersof

antimicrobial agents (Waksman, 1953). This discovery was particularly

significantasstreptomycinwasthefirsteffectivetreatmentfortuberculosis.

Following streptomycin,numerousotherlife-saving antibioticswere isolated

from soil bacteria, primarily from the genus Streptomyces, including

chloramphenicol,tetracyclines,erythromycin,andneomycin(Berdy,2005).Other
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soil-dwellinggenera,suchasBacillus(e.g.,bacitracin,polymyxin)andcertain

fungi(e.g.,cephalosporinsfrom Cephalosporium acremonium),alsocontributed

significantlytotheantibioticarsenal(Demain,2009;Newman&Cragg,2020).

Thishistoricalsuccessunderscorestheimmensepotentialthatstilllieswithin

thelargelyunexploredmicrobialdiversityofsoil.Despitethedeclineinnew

antibioticapprovalssincethe1980s,drivenbyfactorssuchastheeaseofre-

discovering known compounds and the increasing complexity of drug

development,thefundamentalprincipleoflookingtonature,especiallysoil,for

novelchemistryremainsvalidandurgent(Lewis,2020).

Toappreciatethesignificanceofdiscoveringnew antibiotics,itiscrucialto

understandtheirmodesofactionandthemechanismsbywhichbacteriadevelop

resistance.Antibioticstypicallytargetessentialbacterialprocesses,leadingto

celldeath(bactericidal)orinhibitionofgrowth(bacteriostatic)(Kohanskietal.,

2010).Commontargetsinclude,cellwallsynthesis,proteinsynthesis,nucleic

acidsynthesis,folicacidmetabolism andcellmembraneintegrity.

Bacterialresistanceto antibioticsarisesthroughvariousmechanisms,often

encoded on mobile genetic elements like plasmids,allowing for rapid

disseminationamongbacterialpopulations(Blairetal.,2020).Thecontinuous

evolutionoftheresistancemechanismsnecessitatesthediscoveryofantibiotics

withnoveltargetsormodesofactionthatcancircumventexistingresistance

strategies(Davies&Davies,2010;Piddock,2017).
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Whileavastarrayofmicroorganismscontributetothesoil'schemicaldiversity,

certainbacterialgeneraareparticularlyrenownedfortheirprolificproductionof

antibioticsandotherbioactivecompounds.ThegenusStreptomyces,belonging

tothephylum Actinobacteria,isarguablythemostsignificantsourceofnaturally

derivedantibiotics(Berdy,2020;Vargheseetal.,2021).TheseGram-positive,

filamentous bacteria are ubiquitous in soiland are characterized by their

complexlifecycle,involvingtheformationofmyceliaandspores,andtheir

distinctiveearthyodor(Barkaetal.,2016).Streptomycesspeciesareresponsible

forproducingovertwo-thirdsofallknownnaturalproductantibiotics,including,

aminoglycosides,macrolides,tetracyclines,glycopeptides,ansamycins and

polyenes.ThegeneticcapacityofStreptomycestoproducesuchadiversearray

ofsecondarymetabolitesisattributedtotheirlargegenomes,whichcontain

numerousgeneclustersdedicatedto thebiosynthesisofthesecompounds

(Challis&Hopwood,2003;Liuetal.,2021).Researchcontinuestoexplorenovel

Streptomycesspeciesfrom underexploredenvironmentsandtoactivatecryptic

biosyntheticgeneclusterstodiscovernewcompounds(Rutledge&Challis,2015;

Wangetal.,2022).

SpecieswithinthegenusBacillusareGram-positive,rod-shaped,spore-forming

bacteriacommonlyfoundinsoilandvariousotherenvironments.Whilenotas

prolificasStreptomycesintermsofsheernumberofdiscoveredantibiotics,

Bacillus species are significant producers of a variety of antimicrobial

compounds,particularlypeptidesandlipopeptides(Shafietal.,2021).Notable
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examples include,bacitracin,polymyxins,iturins,fengycins,surfactins and

bacteriocins.Bacillusspeciesarealsowidelyusedinagricultureasbiocontrol

agentsduetotheirabilitytoproducetheseantimicrobialcompounds,which

protectplantsfrom pathogens(Shafietal.,2021).Theireaseofcultivationand

geneticmanipulabilitymakethem attractivecandidatesforindustrialproduction

ofbioactivecompounds.

Beyond Streptomyces and Bacillus, other soil-dwelling microorganisms

contributeto thenaturalproductlandscape.Actinobacteriawithgeneralike

Micromonospora,Nocardia,andActinomaduraalsoproduceclinicallyimportant

antibiotics(e.g.,gentamicinfrom Micromonosporapurpurea,rifampicinfrom

Nocardia mediterranei). Soilfungi,such as Penicillium (penicillins) and

Cephalosporium (cephalosporins),have historically been crucialsources of

antibiotics. WhilesomespeciesofPseudomonasarepathogenic,othersare

known to produce antimicrobial compounds, including phenazines and

pyrrolnitrin,whichhaveantifungalandantibacterialproperties(Gross&Loper,

2009).

Despite the historicalsuccess,antibiotic discovery has faced significant

challengesin recentdecades,leading to a period often referred to asthe

"discoveryvoid"or"innovationgap"(Lewis,2020).Extensivescreeningefforts

oftenyieldcompoundsthathavealreadybeenidentified,makingitdifficultto

find truly novel chemical scaffolds. A vast majority of environmental

microorganisms are "uncultivable" using standard laboratory techniques,
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meaningtheirpotentialforproducingnovelcompoundsremainsuntapped(Ling

etal.,2021).Thejourneyfrom discoverytomarketforanew drugislong,

expensive, and fraught with regulatory complexities, often deterring

pharmaceuticalcompaniesfrom investinginantibioticresearchandevennewly

discoveredantibioticsfacetheinevitablechallengeofresistancedevelopment,

requiringacontinuouspipelineofnew drugs.Toovercomethesechallenges,

researchersareemployingacombinationoftraditionalandinnovativestrategies.

Focusingonuniqueecologicalniches(e.g.,extremeenvironments,deepsea,

symbioticrelationships)wheremicrobialcommunitiesmighthaveevolvednovel

chemical defenses (Zeng et al., 2020), directly extracting DNA from

environmentalsamplesandscreeningforbiosyntheticgeneclusters,bypassing

theneedforcultivation(Charlop-Powersetal.,2015;Rondonetal.,2000).This

approachallowsaccesstothegeneticpotentialofuncultivablemicrobes.And

Analyzingthegenomesofknownandnewlyisolatedmicroorganismstoidentify

"cryptic"orsilentbiosynthetic gene clusters thatmightbe activated under

specificconditions(Medema & Fischbach,2015;Weberetal.,2020).Also,

growing differentmicrobialspeciestogetherto stimulatetheproduction of

secondarymetabolitesthatmightnotbeproducedinmonoculture(Bertrandet

al.,2014),developing innovative methods to culture previouslyuncultivable

microorganisms,suchastheiChip,whichallowsforinsitucultivationintheir

naturalenvironment(Ling etal.,2015)and Engineering microorganisms to

producespecificcompoundsordesigningnovelantimicrobialpeptidesbasedon



8

knownstructures(Wangetal.,2020).Despitetheadventoftheseadvanced

techniques,traditionalculture-basedscreeningremainsafundamentalandcost-

effectiveinitialstepforidentifyingculturableproducers.Itprovidestangible

isolatesthatcanbefurthercharacterizedandmanipulated.

Theescalatingcrisisofantimicrobialresistancenecessitatesacontinuousand

robustsearchfornovelantimicrobialcompounds.Soil,withitsunparalleledO

microbialdiversityandhistoricalsignificanceasasourceofantibiotics,remains

acriticalfrontierinthisendeavor.Manysoilmicroorganismsareyetto be

discovered,andtheirmetabolicpotentialremainslargelyunexplored.

1.2 StatementoftheProblem

Theglobalcrisisofantimicrobialresistancecontinuestogrow,withalarming

ratesofresistancebeing reported incriticalpathogenssuchasmethicillin-

resistantStaphylococcusaureus(MRSA),extended-spectrum β-lactamase(ESBL)

-producing Enterobacteriaceae, and carbapenem-resistant Acinetobacter

baumannii(WHO,2020b).Currentantibioticpipelinesareinsufficienttomeetthis

challenge.Whilesoilremainsanabundantsourceofbioactivecompounds,a

significantportionofitsmicrobialdiversityremainsuntappedduetotraditional

culturinglimitations.

Furthermore,most developing countries including Nigeria face additional

challengesduetolimitedsurveillance,poorantibioticstewardship,andover-the-

countermisuse.There is an urgentneed to explore localsoilmicrobial
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communitiesfornewantimicrobialagentstohelpreplenishtheglobalantibiotic

pipelineandcurbtheescalatingthreatofAMR.

1.3 AimsandObjectives

1.3.1 Aims

Toscreenandisolatepotentialantibiotic-producingbacteriafrom soilsamples

asacontributiontowardcombatingantimicrobialresistance.

1.3.2 Objectives

1.Tocollectandanalyzethephysicochemicalpropertiesofsoilsamplesfrom

selectedlocations.

2.To isolate and culture bacteria from the soilsamples using standard

microbiologicaltechniques.

3.To identify the isolated bacteria using Gram staining and biochemical

characterization.

4.Toassesstheantimicrobialactivityoftheisolatedbacteriaagainstclinically

relevantpathogens(EscherichiacoliandStaphylococcusaureus).

5.Tocomparethefindingswithexistingliteratureandevaluatethepotentialof

theisolatesforfurtherantibioticdevelopment.



10

CHAPTERTWO

MATERIALSANDMETHODS

2.1. SoilSampleCollection

Soilsampleswerecollectedfrom diverseagriculturalfieldswithinKwaraState

Polytechnic,Ilorin by systematic random sampling using zig zag pattern.

Approximately100gofsoilwerecollectedfrom thetop5-10cm depthfrom

threedifferentsamplingpointsandplacedintosterilepolythenebagusingsterile

spatula.The samples were properly labeled as (sample A,B and C)and

immediatelytransportedtotheMicrobiologylaboratory,KwaraStatePolytechnic,

Ilorinfordeterminationofphysicochemicalparametersandisolationofantibiotic

producingbacteriarespectively(Ismailetal.,2021).

2.2 DeterminationofSoilPhysicochemicalParameters

ThemethodofDonaldetal.(2002)wasusedindeterminingthecolor,texture,pH,

moisturecontentandporosity.Themeanofthe3samplescollectedateach

pointwasthentaken.

2.3 SourcesofTestOrganisms

ThemethodofBalaetal.(2012)wasusedforthecollectionofpreservedculture

ofE.coliandS.aureusfrom theMicrobiologylaboratoryoftheKwaraState

Polytechnic,Ilorin.
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2.4 IsolationofBacteriawithAntibioticActivityfrom SoilSamples

Nutrientagarwaspreparedaccordingtothemanufacturer'sspecificationsand

thesoilsampleswereseriallydiluteduptosixfold(i.e10-6).Threesetsofpetri

dishforeachsamplewerelabeledas10-4,10-5 and10-6.About1mlofdiluted

samplesfrom eachtesttubewasdispensedasepticallyintocorrespondingpetri

dish.15mlofmoltennutrientagarwaspouredintothepetridishes,mixedgently

andallowedtosolidify.Theplateswereincubatedat37°Cfor24hours.After

incubation,thetotalviablebacterialcountsofthesoilwasconducted and

recorded.Alltheplateswereincubatedagainat37°C for72hours.Thesoil

bacteria thatinhibited the growth ofotherbacterialcolonies byproducing

inhibitionzonewereselectedandsubculturedonnutrientagarplatetoobtain

purestrain.Theselectedbacterialisolateswereinoculatedbyspottingonthe

lawncultureplatesofthetestbacteriaandincubatedat37°Cfor24hours,the

onethatproducedinhibitionzonesaroundtestbacteriawerestoredasstock

cultureinnutrientagarslantat4°Cforfurtherusage.

2.5 IdentificationoftheBacterialIsolateswithAntibioticActivity

ThemethodofBaltz(2006)wasusedfortheidentificationofthebacterial

isolates.Theidentificationwasbasedonmorphologicaldescriptionofcolonies,

Gram’sreactionandbiochemicaltestsandtheresultswerecomparedwiththe



12

standarddescriptiongiveninBergey'smanualofsystematicbacteriology.The

biochemical tests performed were catalase, coagulase, citrate, sugar

fermentation,methylred,Voges-proskauerandmotilitytest(Whitmanetal.,

2020).

2.5.1 Gram’sReaction

TheGram stainingtechniquewasemployedtodifferentiatebacterialisolates

intoGram-positiveandGram-negativegroups,basedoncellwallcharacteristics.

Asmearofeachisolatewaspreparedonacleanglassslide,heat-fixed,and

sequentially stained with crystalviolet,Gram’s iodine,95% ethanol(as a

decolorizer),and safranin.The slides were then observed undera light

microscopeat100×magnificationusingimmersionoil.Gram-positivebacteria

retained thecrystalviolet-iodinecomplexand appeared purple,whileGram-

negativebacteriaappearedpinkduetosafranincounterstaining(Alayandeetal.,

2021).

2.5.2 CatalaseTest

Catalaseactivitywasassessedbyaddingafewdropsof3%hydrogenperoxide

toafreshisolatecolonyonacleanglassslide.Theimmediatereleaseofoxygen

bubblesindicatedapositiveresult,confirmingthepresenceofthecatalase

enzyme,whichbreaksdownhydrogenperoxideintowaterandoxygen(Khanet

al.,2020).
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2.5.3 CoagulaseTest

The coagulase testwas performed to detectthe production ofcoagulase

enzyme.Adropofplasmawasmixedwithabacterialsuspensiononaglass

slide(slidetest),andclotformationwithin10–30secondsindicatedapositive

result.Forconfirmation,atubecoagulasetestwasalsoperformedbyincubating

theisolatesuspensioninplasmaat37°C for4hoursandobservingforclot

formation(Uddinetal.,2022).

2.5.4 CitrateUtilizationTest

CitrateutilizationwastestedusingSimmons’citrateagarslants.Themediawere

inoculatedwithisolateculturesandincubatedat37°Cfor24–48hours.Acolor

changefrom greentoblueindicatedapositiveresult,demonstratingtheabilityof

theisolatetousecitrateasasolecarbonsourceandproducealkalineby-

products(Akinnibosun&Ogundahunsi,2020).

2.5.5 SugarFermentationTest

Carbohydrate fermentation tests were carried outusing phenolred broth

containingspecificsugars(glucose).Durham tubeswereincludedtodetectgas

production.Thetubeswereinoculatedwiththebacterialisolatesandincubated

at37°C for24–48hours.A colorchangefrom redtoyellow indicatedacid

production (positive fermentation),while gas bubbles in the Durham tube

signifiedgasproduction(Igbinosaetal.,2020).
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2.5.6 MethylRed(MR)Test

TheMRtestwasperformedtoassesstheproductionofstableacidicend-

productsfrom glucosefermentation.IsolateculturesweregrowninMR-VPbroth

andincubatedat37°Cfor48hours.Afterincubation,fivedropsofmethylred

indicatorwereadded.A redcolorationindicatedapositiveresult,signifying

mixedacidfermentation(Onuohaetal.,2021).

2.5.7 Voges-Proskauer(VP)Test

TheVPtestwascarriedoutonthesameMR-VPbrothusedabove.After48

hoursofincubation,1mLoftheculturewasmixedwith0.6mLof5%α-naphthol

and0.2mLof40%potassium hydroxide.Themixturewasshakenandallowedto

standfor15–30minutes.Apinkorredcolorindicatedapositiveresultduetothe

presenceofacetoin,aneutralfermentationend-product(Olajuyigbe&Falade,

2020).

2.5.8 MotilityTest

Motilityoftheisolateswastestedusingsemi-solidmotilityagar(0.4% agar).

Tubeswerestab-inoculated withisolateculturesand incubated at37°C for

24–48hours.Diffusegrowthradiatingfrom thestablineindicatedapositive

motilitytest,whereasgrowthconfinedtothestablineindicatednon-motility(Eze

etal.,2022).
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CHAPTERTHREE

RESULT

3.1 PhysicochemicalParametersofSoilSamples

Thephysicochemicalcharacteristicsofthethreesoilsamples(labeledA,B,and

C)aresummarizedinTable1.Allsoilsamplesexhibitedaloamytexture,with

colorsrangingfrom darkbrowntobrown.ThepHvalueswereslightlyalkaline,

rangingfrom 7.21insampleCto7.48insampleB.Moisturecontent(MC)varied

amongthesamples,withthehighestobservedinsampleB(16.83%)andthe

lowestinsampleA(10.71%).Similarly,porosityvaluesrangedfrom 10.64% in

sampleAto15.47%insampleB.Thesevariationsinphysicochemicalproperties

could influence microbial diversity and activity in the respective soil

environments.

3.2 TotalBacterialViableCounts

Thetotalviablebacterialcountsfrom thesoilsamplesareshowninTable2.

SampleCrecordedthehighestbacterialloadat19.9×10⁵cfu/g,followedby

samplesAandB,withcountsof4.2×10⁵and4.1×10⁵cfu/grespectively.The

significantlyhighermicrobialloadinsampleCsuggeststhatthesoilmaybe

richerinnutrientsororganicmatter,providingamorefavorableenvironmentfor

bacterialgrowth.

3.3 AntimicrobialActivityofBacterialIsolates
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Theantimicrobialactivityofthebacterialisolates(B1–B4)againstEscherichia

coliandStaphylococcusaureuswasevaluatedusingtheagarwelldiffusion

method,andtheresultsarepresentedinTable3.Allisolatesdemonstrated

varyingdegreesofinhibitionagainstthetestorganisms.IsolateB1exhibitedthe

highestactivityagainstE.coli,withazoneofinhibitionmeasuring17mm,while

thesameisolateshowedmoderateactivity(6mm)againstS.aureus.IsolateB3

showednoinhibitionagainstE.colibutproduceda7mm zoneofinhibition

againstS.aureus,indicatingpossiblespecies-specificactivity.Overall,thedata

suggestthatisolate B1 has the mostpotentbroad-spectrum antimicrobial

activity.

3.4 MorphologicalandBiochemicalCharacterizationofBacterialIsolates

Themorphological,Gram staining,andbiochemicaltestresultsforthebacterial

isolates are summarized in Table 4.The isolates exhibited diverse colony

morphologiesandmetabolictraits.
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Table1:MeanPhysicochemicalparametersofSoilSamples

SC Colour Texture pH(μs/cm) MC(%) Porosity(%)

A Darkbrown Loam 7.36 10.71 10.64

B Brown Loam 7.48 16.83 15.47

C Darkbrown Loam 7.21 13.15 12.89

SC=Samplecodes,MC=Moisturecontent.
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Table2:Meantotalbacterialviablecountsofthebacterialisolates

Samplecodes Meanbacterialviableplatecounts(cfu/g)

A 4.2×105

B 4.1×105

C 19.9×105



20

Table3:AntimicrobialactivityofbacterialisolatesagainstE.coliandS.aureus

S/N Bacteriaisolates Zonesofinhibition(mm)

E.coli S.aureus

1 B1 17 6

2 B2 11 5

3 B3 0 7

4 B4 14 5
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Table4:Themorphologicalandbiochemicalidentificationofthebacterialisolates

Bacteria

isolates

Morphological

Descriptionof

Colony

Gram’s

reaction

Biochemicaltests Inference

Cat Coa Cit Mer Vop Suf Mot

B1 Irregular,

rough,large

whitishcolony

+ve

rods

+ - + + + + + Bacillusspp.

B2

Circular,

pinhead,

convex

yellowish

colony

+ ve

clusters

+ - + - + + - Micrococcus

spp.

B3 Oval,mucoid,

medium

Greenish

colony

–ve

rods

+ - + - - + + Pseudosomonas

spp.

B4 Small,round,

convex

yellowish

browncolony

–ve

rods

+ - + + - + + Proteusspp.
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Cat=Catalasetest,Coa=Coagulasetest,Cit=Citratetest,Mer=Methylredtest,Vop=

Voges-proskauertest,Suf=Sugarfermentationtest,Mot=Motilitytest,–=Negetive

resultand+=Positiveresult.
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CHAPTERFOUR

DISCUSSION,RECOMMENDATIONANDCONCLUSION

4.1 DISCUSSION

The findings ofthis study provide insightinto the microbialprofile and

antibacterialpotentialofbacteria isolated from differentsoilsamples.The

physicochemicalcharacteristics ofthe soils,such as pH,texture,moisture

content,andporosity,playasignificantroleinshapingmicrobialdiversityand

activity.Inthisstudy,allsamplesexhibitedaloamytextureandslightlyalkaline

pH,rangingfrom 7.21to7.48.Theseconditionsarefavorableforthesurvivaland

metabolicactivityofmanysoilbacteria,particularlythoseinvolvedinorganic

matter decomposition and antibiotic production.Similar physicochemical

conditionssupportingmicrobialgrowthhavebeenreportedbyAtehetal.(2020),

who found that loamy, near-neutral soils supported diverse bacterial

communitiesinforestenvironments.

Moisture contentand porosity varied among the samples,with Sample B

showingthehighestmoisturecontent(16.83%).Highmoisturecontentoften

correlateswithincreasedmicrobialactivityduetoimprovedsubstratediffusion

and microbialmotility(Mohammed,2021).Sample C recorded the highest

bacterialload(19.9×10⁵cfu/g),suggestingthatfavorableenvironmentalfactors,

suchasbalancedmoistureandnutrientavailability,mayhavecontributedto

enhanced microbialproliferation.This finding is consistentwith reports by
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Onyilokwu etal.(2021),who also observed thatsoilmicrobialcounts are

significantlyinfluencedbythephysicalstructureandwater-holdingcapacityof

thesoil.

Theantimicrobialscreeningofthebacterialisolatesrevealedvariablezonesof

inhibition against Escherichia coliand Staphylococcus aureus,indicating

differentialantibacterialpotentials.Notably,isolateB1(Bacillusspp.)exhibited

the highestzone ofinhibition (17 mm)againstE.coli,signifying strong

antibacterialactivity.ThisalignswiththestudybyOmidoyinandFemi-Ola(2020),

whoisolatedBacillusspp.from soilsamplesthatshowedcomparableinhibitory

effectsonabroadrangeofclinicalpathogens.IsolateB3(Pseudosomonasspp.)

showednoactivityagainstE.colibuthada7mm inhibitionzoneagainstS.

aureus,suggestingspecificityinantimicrobialproduction,apatternalsoreported

by Umeokolietal.(2022)in theirstudy ofPseudomonas isolates from

agriculturalsoils.

Themorphologicalandbiochemicalidentificationoftheisolatesfurtherrevealed

thepresenceofBacillus,Micrococcus,Pseudomonas,and Proteusspecies.

Thesegeneraarecommonlyassociatedwithsoilandarerecognizedfortheir

diverse enzymatic and secondary metabolite profiles.The identification of

Bacillusspp.,awell-knownproducerofantimicrobialpeptidessuchasbacitracin

and subtilin,reinforces its significance in the developmentofalternative

antibiotics(Ezebialuetal.,2020).Likewise,theisolationofPseudomonasspp.,
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knownforproducingpyocyaninandotherbioactivemetabolites,supportsthe

biotechnologicalpotentialoftheseorganisms,particularlyinantimicrobialdrug

discovery(Ahmedetal.,2021).

Thepositiveresultsobtainedfrom catalase,citrate,andsugarfermentationtests,

along with motility in most isolates,are indicative of robustmetabolic

capabilities.Thesetraitsnotonlyaidinspeciesidentificationbutalsosuggest

the potentialfunctionalroles ofthese bacteria in soilnutrientcycling and

secondarymetabolitesynthesis.Thebiochemicaltraitsobservedinthisstudy

agree with the profilesreported in the studiesbyObasietal.(2020)and

Nwankwoetal.(2023),wheresimilartestresultswereusedtosuccessfully

classifysoilisolateswithknownantimicrobialproperties.

Theobservedantimicrobialactivity,particularlyfrom BacillusandPseudomonas

species,underscoresthepromisingroleofsoilbacteriaassourcesofnatural

antibiotics.In thefaceofrising antimicrobialresistance,theexploration of

indigenous soilmicrobiota offers a valuable avenue fordiscovering novel

bioactivecompounds.Thepresentfindings,therefore,contributetothegrowing

bodyofresearch advocating forsoil-based bioprospecting forantimicrobial

agents,asemphasizedbystudiessuchasthosebyAlhassanetal.(2020)and

Adedayoetal.(2022).

4.2 RECOMMENDATION
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FurtherCharacterizationofActiveCompounds:Futureresearchshouldfocuson

theextraction,purification,andstructuralcharacterizationofthebioactive

compoundsproducedbytheidentifiedbacterialisolates,particularlyBacillusspp.

Thiswillhelpdeterminetheirspecificantimicrobialmechanismsandpotential

clinicalapplications.

MolecularIdentificationofIsolates:Itisrecommendedtoemploymolecular

techniquessuchas16SrRNAgenesequencingformoreaccuratetaxonomic

identificationandtobetterunderstandthegeneticbasisofantimicrobial

productioninthesebacteria.

ExpandSampleLocations:Samplingfrom awidervarietyofenvironments,

includingextremehabitatsandundisturbedsoils,coulduncovernovel

microorganismswithpotentantimicrobialpropertiesthathaveyettobeexplored.

AntibioticResistanceProfiling:Theisolatedbacteriashouldbesubjectedto

antibioticresistancescreeningtoevaluatethepotentialforhorizontalgene

transferandensuresafeuseinpharmaceuticaldevelopment.

Scale-UpStudiesandFermentationOptimization:Pilot-scalefermentationand

optimizationstudiesareessentialtoassessthefeasibilityofproducing

antimicrobialcompoundsatanindustrialscale.

4.3 CONCLUSION
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Thesefindingsemphasizetheimportanceofsoilasavaluablereservoirfor

antibiotic-producing bacteria.Theresultssupportongoing effortsto explore

naturalmicrobialcommunities as sources ofnovelantimicrobialagents,

especiallyinthewakeofrisingantimicrobialresistance.Thestudycontributesto

the growing body ofresearch on microbialbioprospecting and lays the

groundworkforfurtherinvestigationintothepurificationandcharacterizationof

theactivecompoundsproducedbytheseisolates.
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