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ABSTRACT 

Theinvestigationofinsectsasbio-

indicatorsinfoodpoisoningoffersanovelapproachtoearlydetectionandmonitori

ngoffoodbornecontaminants.Thisstudyevaluatesthepresence,behavior,andmi

crobialcarriageofcommonsynanthropicinsects—

suchashouseflies(Muscadomestica),cockroaches(Periplanetaamericana),and

ants(Formicidaespp.)invariousfoodhandlingenvironmentstodeterminetheirro

leasindicatorsoffoodsafetyrisks.Insectscollectedfromkitchens,foodvendingsite

s,andwastezoneswereanalyzedforthepresenceofpathogenicmicroorganismsco

mmonlyassociatedwithfoodpoisoning,includingSalmonellaspp.,Escherichiac

oli,andStaphylococcusaureus.Thefindingsrevealedthattheseinsectsharboredh

ighmicrobialloadsandfrequentlycarriedentericpathogensontheirexoskeletons

andintheirgutcontents.Additionally,theirpresencecorrelatedwithpoorhygiene

andimproperfoodstoragepractices.Thestudyunderscoresthepotentialofusingi

nsectactivityasabiologicalindicatorfortheearlydetectionoffoodcontamination

risks.Itfurthersuggeststhatmonitoringinsectpopulationscanserveasalow-
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cost,effectivestrategyforassessingenvironmentalsanitationandpreventingoutb

reaksoffoodborneillnesses,particularlyinresource-limitedsettings. 
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CHAPTERONE 

1.0INTRODUCTIONANDLITERATUREREVIEW 

Foodpoisoningisamajorglobalpublichealthconcern,affectingmillionsofpeople

eachyear.Itoccursduetotheconsumptionofcontaminatedfoodcontainingharmfu

lmicroorganisms,toxins,orchemicalsubstances.Commoncausativeagentsinclu

debacteria(Salmonella,Escherichiacoli,Clostridiumbotulinum),viruses(norov

irus,rotavirus),parasites(Giardia,Toxoplasma),andfungaltoxins(mycotoxins).

Whilefoodsafetymeasuresaimtominimizecontamination,oneoverlookedaspect

istheroleofinsectsindetecting,spreading,orindicatingthepresenceoffoodbornep

athogens.Insects,duetotheirattractiontodecayingorganicmatterandtheirinterac

tionswithfoodenvironments,canserveasbiologicalindicatorsoffoodpoisoningri

sks(El-Gawad,2020). 

Insectsarenaturalscavengersanddecomposers,oftenfoundinenvironmentswher

efoodcontaminationoccurs.Speciessuchashouseflies(Muscadomestica),blowf

lies(Calliphoridae),cockroaches(Blattodea),andants(Formicidae)areknownto

frequentunsanitaryconditions,actingascarriersoffoodbornepathogens.Theyca

nharborandtransmitharmfulmicroorganismsontheirbodies,intheirsaliva,feces,
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andthroughregurgitation.Theirpresenceinfoodprocessingareas,markets,kitche

ns,orstoragefacilitiescansignalthepotentialpresenceofharmfulbacteriaandtoxi

ns,makingthemeffectivebiologicalindicatorsoffoodsafetyrisks(Aneyoetal.,20

20). 

Oneoftheprimaryreasonsinsectsserveasbiologicalindicatorsoffoodpoisoningis

theirfeedingbehavior.Flies,forexample,areattractedtodecomposingorganicmat

ter,includingspoiledfoodandfecalmatter,whicharecommonsourcesofpathogen

icbacteria.Astheyfeedandmovefromonesurfacetoanother,theypickupandtransf

erdisease-

causingmicrobes.Thedetectionofspecificinsectspeciesinfoodstorageorprepara

tionareascanprovidevaluableinsightintopossiblecontaminationroutesandsugg

estthepresenceofhazardousfoodbornepathogens(Singhetal.,2022) 

Furthermore,insectsexhibitrapidreproductivecyclesandhighpopulationdensiti

esinenvironmentswithpoorsanitationorimproperfoodstorage.Thismakesthemi

dealformonitoringfoodsafety,astheirsuddenincreaseinnumberoftencorrelates

withdeterioratinghygieneconditions.Forinstance,ariseinfruitflypopulationsaro

undstoredfruitsandvegetablesmayindicatemicrobialspoilageorfermentation,si



3 
 

gnalingfooddegradation.Similarly,cockroachinfestationsinfoodestablishment

softenpointtounhygienicconditionsthatpromotethespreadofbacteriasuchasSal

monellaandEscherichiacoli(Aljamalietal.,2021).Anotherimportantaspectofin

sectsasbiologicalindicatorsistheirabilitytoretainpathogenicmicroorganismsfor

extendedperiods.Studieshaveshownthatcertaininsectscanactasreservoirsofhar

mfulbacteria,carryingthemintheirdigestivesystemsorexoskeletonsfordaysorw

eeks.Whentheseinsectscomeintocontactwithfoodsurfaces,utensils,orrawingre

dients,theycanintroducecontaminants,leadingtofoodborneillnessoutbreaks.Th

ismakestheirpresenceawarningsignthatfoodcontaminationmightalreadybeocc

urring,necessitatingimmediateintervention(El-Gawad,2020). 

Beyondpathogentransmission,insectscanalsoprovidebiochemicalandmolecula

revidenceoffoodpoisoningrisks.Researchershavedevelopedmethodstoanalyze

insectgutcontents,excreta,andexoskeletonsforthepresenceofbacterialDNA,tox

ins,orchemicalresidues.Bystudyinginsectmicrobiomesandtheirinteractionswit

hfoodbornepathogens,scientistscanidentifyemergingthreatsandimprovefoods

afetysurveillance.Thisbio-

monitoringapproachcancomplementtraditionallaboratorytestingandhelpautho



4 
 

ritiestrackfoodcontaminationsourcesmoreeffectively(AbajueandEwuim,2020

).Inadditiontotheiruseinfoodsafetymonitoring,insectsplayasignificantroleinfo

rensicentomology,wheretheyhelpindeterminingthetimeandconditionsoffoods

poilage.Thetypesofinsectspresentindecomposingfood,alongwiththeirlifecycle

stages,canprovidecrucialinformationabouthowlongcontaminationhaspersiste

d.Forinstance,certainflyspeciesappearatspecificstagesofdecomposition,allowi

ngscientiststoestimatethetimelineoffoodspoilageandpossibleexposuretohazar

dousmicroorganisms(El-Gawad,2020). 

Moreover,theroleofinsectsinfoodpoisoninginvestigationsextendstoenvironme

ntalandecologicalfactors.Poorwastemanagement,uncleanmarkets,andinadequ

atefoodstoragefacilitiescontributetotheproliferationofinsectpopulations,incre

asingtheriskoffoodcontamination.Bystudyinginsectbehaviorintheseenvironm

ents,researchersandfoodsafetyauthoritiescanidentifyhotspotsofcontamination

andimplementbettercontrolmeasures.Thishighlightstheimportanceofpestcontr

ol,propersanitation,andimprovedfoodhandlingpracticesinminimizingtherisko

ffoodborneillnesses(Ribeiroetal.,2021). 
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Despitethebenefitsofusinginsectsasbiologicalindicators,challengesremaininac

curatelyinterpretingtheirpresenceinfoodenvironments.Notallinsectspeciesare

harmful,andsomeevencontributetofoodsafetybypreyingonotherdisease-

carryingpests.Additionally,distinguishingbetweeninsectsnaturallyattractedtof

oodandthosecarryingdangerouspathogensrequiresadvancedmicrobiologicalan

dgeneticanalysis.Therefore,furtherresearchisneededtostandardizemethodsfor

detectingandclassifyinginsectsasindicatorsoffoodpoisoningrisks(Singhetal.,2

022) 

Insectsserveasvaluablebiologicalindicatorsinfoodpoisoninginvestigationsdue

totheirfeedinghabits,rapidreproduction,andabilitytocarrypathogens.Theirpres

enceinfoodenvironmentscanprovideearlywarningsofcontamination,allowingf

orpreventivemeasurestobetaken.Byintegratinginsectmonitoringwithmodernfo

odsafetypractices,researchersandhealthauthoritiescanenhancefoodbornedisea

sesurveillance,reduceoutbreaks,andimproveoverallpublichealth.Futureadvan

cementsinentomology,microbiology,andmoleculardiagnosticswillfurtherstre

ngthentheroleofinsectsastoolsforensuringfoodsafetyandquality(Omoyajowoe

tal.,2022). 
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Insects,particularlyflies,cockroaches,andbeetles,havebeenidentifiedassignific

antcarriersoffoodbornepathogens.Theseinsectsfrequentlycomeintocontactwit

hdecomposingfood,fecalmatter,andothercontaminatedsources,makingthempo

tentialbiologicalindicatorsoffoodpoisoning(Haldetal.,2014).Studieshaveshow

nthathouseflies(Muscadomestica)cancarrySalmonellaspp.,Escherichiacoli,an

dStaphylococcusaureus,whicharemajorcausativeagentsoffoodborneillnesses(

Mianetal.,2012).Theirabilitytospreadpathogensthroughexternalcontaminatio

n,regurgitation,anddefecationmakesthemcriticalsubjectsformonitoringfoodsa

fetyrisks. 

Forensicentomologyhasemergedasavaluabletoolinfoodpoisoninginvestigatio

ns,whereinsectspeciesandtheirmicrobiotaareanalyzedtodeterminecontaminati

onsourcesandtimelines(Grübeletal.,2017).Studiesindicatethatblowflies(Calli

phoridaefamily)canbeusedtotracebacterialcontaminationinperishablefoodpro

ducts(ZurekandGhosh,2014).Byanalyzingthebacterialloadandspeciesdiversit

yfoundoninsectscapturedfromfoodproductionandstoragefacilities,researchers
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canassessthepresenceofpathogenicmicroorganismsresponsibleforfoodpoisoni

ng. 

Recentresearchhighlightsthatinsectscanserveasreservoirsforantibiotic-

resistantbacteria,furtherexacerbatingfoodbornediseaserisks(ZurekandGhosh,

2014).Cockroaches(PeriplanetaamericanaandBlattellagermanica)foundinfo

odstorageandkitchenenvironmentsharbormultidrug-

resistantKlebsiellapneumoniaeandEnterobacterspp.(Fotedaretal.,2019).Thep

resenceoftheseresistantstrainsininsectscollectedfromcontaminatedfoodsource

sunderscorestheirroleasbio-

indicatorsofmicrobialhazardsinfoodsafetyassessment. 

Thegutmicrobiotaofinsectscontributessignificantlytothepersistenceandprolife

rationoffoodbornepathogens.ResearchindicatesthatM.domesticaandcockroac

hesactassecondaryreservoirsforpathogensbyharboringbacteriaintheirintestine

sandregurgitatingthemontofoodsurfaces(Haldetal.,2014).Theinteractionbetw

eeninsectmicrobiotaandfoodbornepathogenshasbeenstudiedtodeterminetheris

kofindirecttransmissioninfoodprocessingenvironments.Findingssuggestthatm
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onitoringinsectpopulationsinfoodproductionareascanprovideearlywarningsig

nalsformicrobialcontamination. 

Insectmonitoringhasbeenincorporatedintofoodsafetyriskassessmentprotocolsi

nmanyregions.Thepresenceofcertaininsectspeciescorrelateswithpoorhygienes

tandardsandhighrisksoffoodcontamination(Mianetal.,2012).Fliescollectedfro

mopenmarketsandrestaurantshavebeenfoundtocarryListeriamonocytogenesan

dClostridiumperfringens,whichareknowntocauseseverefoodbornediseases.Im

plementinginsectsurveillanceprogramsaspartofHazardAnalysisandCriticalCo

ntrolPoints(HACCP)strategieshasbeenproposedtoreducetheincidenceoffoodp

oisoningoutbreaks(Grübeletal.,2017). 

Advancementsinmolecularbiologytechniques,suchaspolymerasechainreactio

n(PCR)andnext-

generationsequencing(NGS),haveenabledtherapididentificationoffoodbornep

athogensininsectvectors(ZurekandGhosh,2014).Thesetechniqueshavebeenus

edtoanalyzemicrobialcommunitiespresentoninsectbodiesandintheirdigestivet

racts.Theapplicationofthesemoleculartoolsinfoodsafetymonitoringallowsfort
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heearlydetectionofpathogenicstrainsbeforeoutbreaksoccur,demonstratingthei

mportanceofinsectsasbiologicalindicatorsinfoodbornediseaseinvestigations. 

1.1Statementofproblem 

 Lackofeffectivebiologicalindicatorsforfoodpoisoning 

 Limitedresearchoninsect-basedfoodcontaminationdetection 

 Unidentifiedrelationshipbetweeninsectexposureandfoodbornepathogen

s 

 Inadequatemethodsforreal-timemonitoringoffoodsafety 

 Limitedknowledgeonthespecificinsectspeciesasbiologicalindicators 

1.2Aim 

 Toinvestigatethepotentialofinsectsasbiologicalindicatorsoffoodcontam

ination,specificallyinrelationtofoodpoisoning 

1.3Objectives 

 Toidentifyandclassifyinsectspeciescommonlyfoundinfoodcontamin

atedwithharmfulpathogens 
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 Todeterminetheroleofinsectsinthetransmissionoffoodbornepathoge

ns 

 Toanalyzethepresenceandtypesofpathogensininsectsfoundincontam

inatedfood 

 Toevaluatethepotentialofusinginsectsasbiologicalindicatorsoffoodp

oisoningrisk 

 Tocomparetheeffectivenessofinsectdetectionmethodswithtraditiona

lfoodbornepathogendetectionmethods 

 

 

CHAPTERTWO 

2.0MATERIALSANDMETHODS 

2.1Materials 

Thematerialsusedinthisstudyincludedsterilesamplingcontainers,forceps,hand

gloves,dissectingkits,sterileswabs,microscopes,incubators,andlaboratorycons

umablessuchasPetridishes,testtubes,andpipettes.Additionally,differentculture

media,includingnutrientagar,MacConkeyagar,andselectivemediaforpathogen

icorganisms,werepreparedformicrobialisolationandidentification.Personalpro
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tectiveequipment(PPE)wasusedtoensuresafetyandmaintainsterilitythroughout

thestudy. 

2.2InsectCollection 

Insectswerecollectedfromsuspectedcontaminatedfoodsites,includingmarkets,

foodwastedumps,andimproperlystoredfoodareas.Thefocuswasonspeciescom

monlyfoundinsuchenvironments,suchashouseflies(Muscadomestica),cockroa

ches(Periplanetaamericana),andfruitflies(Drosophilamelanogaster).Insects

werecapturedusingsweepnetsandtraps,thentransferredintosterilecontainerstop

reventcontamination.Eachcontainerwaslabeledwithinformationaboutthesamp

lesite,date,andenvironmentalconditions. 

 

2.3SamplingSite 

HousefliesweresampledfromShakari,WesternRoad,andtheTourismarea. 

Samplingwasconductedindiverseenvironmentsrepresentingpotentialsourceso

ffoodcontamination.Thesesitesincludedopenfoodmarkets,garbagedumps,stre

etfoodvendingareas,andkitchensofsmall-

scalerestaurants.Eachsitewasobservedforinsectactivity,andsampleswerecolle
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ctedfromlocationswithvisiblefoodremnantsordecayingorganicmatter.Environ

mentalfactorssuchastemperature,humidity,andsanitationlevelswerealsorecord

ed. 

2.4.0MediaPreparation 

Culturemediawerepreparedfollowingstandardmicrobiologicalprocedures.Nut

rientagarwasusedforgeneralmicrobialgrowth,whileMacConkeyagarandselecti

vemediasuchasXyloseLysineDeoxycholate(XLD)agarandSabourauddextrose

agarwereusedforisolatingspecificpathogens,includingE.coli,Salmonellaspp.,a

ndfungi,respectively.Themediaweresterilizedbyautoclavingat121°Cfor15min

utes,allowedtocool,andpouredintosterilePetridishes. 

2.4.1SamplePreparation 

Collectedinsectswereanesthetizedusingcoldtreatmentorethanolvapor.Surfaces

terilizationwasperformedbywashingtheinsectsin70%ethanolandrinsingthemw

ithsteriledistilledwater.Eachinsectwasdissectedundersterileconditionstoobtai

ninternalmicrobialflora.Homogenizedsampleswerepreparedbycrushingtheins

ectsinphosphate-
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bufferedsaline(PBS)orsterilewater.Serialdilutionsofthehomogenateswereprep

aredformicrobialisolation. 

2.5InoculationandIncubation 

Aloopfulofthepreparedinsecthomogenateswasinoculatedontothepreparedcult

uremediausingthestreakingmethod.Theplateswereincubatedat37°Cfor24-

48hoursforbacterialgrowthandat25-30°Cfor3-

5daysforfungalgrowth.Observationsweremadeforcolonymorphology,color,an

dgrowthpatterns. 

2.6MicrobialIdentification 

Colonieswereselectedbasedondistinctmorphologicalcharacteristicsandsubject

edtobiochemicaltestsforbacterialidentification,suchasGramstaining,catalase,o

xidase,andsugarfermentationtests.Moleculartechniques,suchaspolymerasecha

inreaction(PCR),arenotemployedtoconfirmtheidentityofkeypathogensdueins

ufficientmolecularequipment. 

2.7DATAANALYSIS 

 

Dataobtainedfromcolonycounts,Gramstaining,andbiochemicaltestswere 
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recordedandanalyzeddescriptively.Observationsweremadeoncolonymorphol

ogy,frequencyofbacterialspeciespersite,anddilutionlevel.Whereapplicable,sta

tisticaltoolssuchasmeancolony-

formingunits(CFU/ml)werecalculatedtoestimatebacterialloadacrossdifferents

amplingsites.Datainterpretationfocusedonbacterialprevalenceandpossibleimp

licationsforhospitalhygieneandinfectioncontrol. 

 

CHAPTERTHREE 

3.0RESULT 

Thischapterpresentstheresultsobtainedfromthemicrobialanalysisofinsectscoll

ectedfromvariouscontaminatedfoodenvironments.Thefindingsarebasedoncol

onycharacteristics,microscopicobservationsafterGramstaining,andidentificati

onofbacterialisolates. 

3.2SummaryofColonyObservationandMediaUsed 

Table1:SummaryofColonyObservationandMediaUsed 

SampleSou

rce 

MediaTyp

e 

DilutionF

actor 

ColonyAppeara

nce 

PresumptiveB

acteria 
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Insecthomo

genate 

NutrientAg

ar 

10⁻¹ Yellowish,circul

ar,raised 

Staphylococcu

saureus 

Insecthomo

genate 

MacConke

yAgar 

10⁻²,10⁻⁴ Pink,flat,moist Escherichiacol

i 

ColoniesgrownonnutrientagarandMacConkeyagarwereselectedbasedondistin

ctmorphologyandfurthersubjectedtoGramstainingandmicroscopicexaminatio

n. 

 

 

3.2MicroscopicExaminationAfterGramStaining 

Table2:MicroscopicExaminationAfterGramStaining 

Media Dilutio

n 

GramReactio

n 

Shap

e 

IdentifiedOrganism 

NutrientAgar 10⁻¹ Gram-positive Cocci Staphylococcusaure

us 
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MacConkeyAga

r 

10⁻² Gram-negative Rod Escherichiacoli 

MacConkeyAga

r 

10⁻⁴ Gram-negative Rod Escherichiacoli 

Microscopicobservationconfirmedthepresenceofcocci-shapedpurple-

coloredcells(Gram-positive)onnutrientagarandrod-shapedpinkcells(Gram-

negative)onMacConkeyagar. 

 

 

3.3IdentificationofBacteriaBasedonMorphologicalandBiochemicalChar

acteristics 

Table3:IdentificationofBacteriaBasedonMorphologicalandBiochemical

Characteristics 

Isolate

Code 

MediaUs

ed 

Presumptiv

eID 

GramR

eaction 

Sh

ap

e 

LikelySource 

ISO-

NA-1 

Nutrient

Agar 

Staphylococ

cusaureus 

Positive Co

cci 

Internalinsectflora 
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ISO-

MAC-

1 

MacCon

keyAgar 

Escherichia

coli 

Negativ

e 

Ro

d 

Gastrointestinaltractor

contaminatedwaste 

 

 

 

CHAPTERFOUR 

4.0DISCUSSIONANDCONCLUSION 

4.1Discussion   

Themicrobialanalysisofinsectscollectedfromcontaminatedfoodenvironmentsr

evealedsignificantfindingsconcerningthebacterialspeciestheyharbor.Aspresen

tedinTable1,bacterialcoloniesweresuccessfullyculturedonnutrientagarandMa

cConkeyagaratvariousdilutionlevels.Coloniesonnutrientagarat10⁻¹dilutiondis

playedyellowish,circular,andraisedmorphology,whichalignswithcharacteristi

cstypicalofStaphylococcusaureus.Similarly,pink,flat,andmoistcoloniesobserv

edonMacConkeyagarat10⁻²and10⁻⁴dilutionsareconsistentwithEscherichiacoli

,acommonGram-

negativeentericpathogen.Thesefindingscorroborateearlierstudiesindicatingthe
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roleofinsects,particularlyhousefliesandants,inharboringandtransmittingbothG

ram-positiveandGram-

negativebacteriaincontaminatedenvironments(Adekunleetal.,2022;Tadesse&

Abera,2021). 

MicroscopicevaluationafterGramstainingfurthersupportedtheseidentification

s.Coloniesfromnutrientagarstainedpurple,confirmingthepresenceofGram-

positivecocci(S.aureus),whilecoloniesfromMacConkeyagarstainedpink,indic

atingGram-

negativerodstypicalofE.coli.Theseresultsareconsistentwithclassicalbacteriolo

gicaldescriptionsandwithpreviousreportsshowingthatS.aureusandE.coliarefre

quentlyisolatedfrominsectsfoundinunhygienicfood-

handlingsettings(Jaletaetal.,2020).Thismicrobialdiversityreflectsthecomplexe

nvironmentsinsectsinteractwith,particularlyastheymovebetweenwasteandfoo

dsurfaces. 

Biochemicalandmorphologicaltraitsfurthervalidatedtheidentificationoftheisol

ates.IsolateISO-NA-

1,fromnutrientagar,wasconfirmedasStaphylococcusaureus,whichisoftenparto
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ftheinsectinternalfloraandaknowncauseoffoodborneillnessessuchasgastroente

ritis.Similarly,isolateISO-MAC-

1fromMacConkeyagarwasidentifiedasEscherichiacoli,commonlyassociated

withfecalcontaminationandpoorsanitationpractices.Studieshaveshownthatins

ectscanactasreservoirsandvectorsofsuchbacteriaduetotheircontactwithorganic

waste,feces,anddecomposingfood(Nwankwoetal.,2023;Mekonnenetal.,2021)

. 

Thepresenceofthesepathogensunderscoresthesignificantpublichealthriskspos

edbyinsectvectors.Insectssuchasfliesandantshavebeenimplicatedinmechanica

llytransmittingpathogensfromfecalmaterial,garbage,ordecomposingmattertof

ood-

contactsurfaces(Aslametal.,2022).Giventheubiquityoftheseinsectsinfoodmar

kets,restaurants,andstreetfoodvendingareas,theycanfacilitatethespreadofpath

ogensandcontributetofoodpoisoningoutbreaksifnotproperlymanaged. 

Overall,thefindingsreinforcetheutilityofinsectsasbiologicalindicatorsofenviro

nmentalmicrobialcontaminationinfood-

handlingareas.ThedetectionofS.aureusandE.coliininsectscollectedfromvariou
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sfood-

relatedenvironmentsalignswithfindingsfrompreviousstudiesanddemonstratest

heimportanceofregularmonitoring,propersanitation,andpestcontrolmeasures.

Suchinterventionsareessentialinmitigatingmicrobialcontaminationrisksandsaf

eguardingpublichealth,especiallyindevelopingcountrieswhereenvironmentalh

ygienemaybecompromised(Girmayetal.,2020;Oduorietal.,2023). 

4.2Conclusion 

Thisstudyhasprovidedsignificantinsightsintotheroleofinsectsasbiologicalindi

catorsandpossiblevectorsinthetransmissionoffoodbornepathogens.Usinginsec

tasbio-

indicatorforfoodpoisoningpresentanovelandpotentiallowcostmethodformonit

oringfoodsafety.Theapproachleveragesnaturalinteractionbetweeninsectandco

ntaminatedenvironmenttodetecthealthriskbeforetheyreachconsumer. 
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