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ABSTRACT

Mycotoxinsarefungalsecondarymetabolitesthatifingestedcancauseavarietyof

adverseeffectsonhumans.Aflatoxinsareaform ofmycotoxinsthatarecancergenic

compoundsproducedpredominantlybycertainstrainsoftheAspergillusgenus.They

haveimmunosuppressive,mutagenic,teratogenicandcarcinogeniceffects,especially

ontheliver.

Aflatoxincontaminationofagriculturalproduceposesaconsiderablerisktohuman

health.Theinfectionofthesecropsespeciallybarley,sorghum,andcassavaformaking

beersandmalwarespectivelybyaflatoxicogenicfungiandhencecontaminationwith

aflatoxinisgenerallyhigher.

AFB1,AFB2,AFG1,AFG2,AFM1andAFM2 arethemostcommontypesofaflatoxin.

Severalresearchesshow thatAFB1 isthemostcommonaflatoxinintheworldfrom

mostcommoditiesataverymuchhigherlevel.Thisindicatesthatinalotofdeveloping

countries,peopleareatdangerofaflatoxincontamination.Lackofawarenesson

aflatoxincontaminationincreasestheriskofdamagetohuman.

A varietyofphysical,chemicaland biologicalmethods have been developed for

decontaminationandcontrolofaflatoxinsfrom contaminatedfoods.Thisstudyreview

isaimedatreviewingtheprevalenceofaflatoxinsinbeersthathasnotbeenrealized

before and are manufactured from barley,and malwa from cassava through the

processoffermentationwhichprovidesasuitableenvironmentforaflatoxingrowth

uptothetimeofconsumption.
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1.0INTRODUCTION

1.1background

Aflatoxin(AF)comesfrom acombinationof“a”whichstandsforAspergillusgenus,

“fla”whichstandsforspeciesflavus,andtoxinthatstandsforpoison(R.Bhat,2010).In

thiscontext,aflatoxinsarepoisonoussecondarymetabolitesproducedbyAspergillus

flavus.

Thediscoveryofaflatoxinsdatesbackto1960sinEngland.Duringthisperiod,Over

100,000 turkeys,20,000 ducklings,pheasants,chicks,and partridge poults were

reportedtohavediedfrom afatalincidentasnotedby(Blount,1961).Theearlierhistory

oftheabovedisease(Turkey“X”disease)outburstinGreatBritainwasdepictedin

sufficientbrasstacksbyBlount(Blount,1961).Withtime,arecognizablepatternof

signsofthediseasewasreportedintamedanimalsoutsideGreatBritain.Andfinally,

theactingmoldcausingtheproblem,Aspergillusflavus,wasisolatedfrom ameallater,

acompoundthatactsontheliverinducklingsinUganda(K.Sargeant,1961),andthe

toxicitynotedindiverseanimalspecieswasrepeatedbyAllcroft(Allcroft,1964).The

aboveaswellwascausedbyasequenceoffluorescentcompoundsinapeanutmeal

thatwasgiventothepoults,importedfrom Brazil(Richard,2008).

Chemically,Aflatoxins are highly oxygenated polysubstituted bicyclic aromatic
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compounds,1,2-benzopyroneoranyofitsderivativeswithstructureswhichslightlyare

different.Therearesixmajoraflatoxinscommonlyfoundinfoodsandinclude;aflatoxin

B1(AFB1),aflatoxinB2 (AFB2),aflatoxinG1 (AFG1),aflatoxinG2 (AFG2)(Q.Wu,2009),

aflatoxinM1(AFM1),andaflatoxinM2(AFM2).TheB-aflatoxins,usuallythepentanone

derivatives,show agreaterbluefluorescenceunderultravioletlightwhereastheG-

series that are six-membered lactones fluoresce yellow-green on thin-layer

chromatographyplates,hencetheBandGappellation(Klich,2003).AFB2andAFG2are

dihydroxyderivativesofAFB1andAFG1,andtherestofthe(H.S.Chun,2007)noted

thatAFsarenotusuallyreportedintheabsenceofAFB1.TheM seriesaretoxic

metabolicderivativesoftheBseriesthatshowblue-violetfluorescenceandhavebeen

identifiedinthemilkforanimalsthatfedonfeedscontaminatedwithaflatoxins(A.P.

Wacoo,2014),hencetheappellationM (Klich,2003).Thesubscripts1and2inAF

nomenclaturearedesignationsformajorandminor,respectively.TheminorAFshave

received description as mammalian biotransformation products of the major

metabolites(S.Okoth,2016).

Aspergillusflavus,A.nomius,A.parasiticusandA.tamariiarethemainproducersof

aflatoxins(R.E.Black,2013),thatarecommonlysoilbornefungi,andareaprimary

causeofplantmaterialsdecomposition.Approximately20Aspergillusspecieswere

reportedtoyieldAFs(N.Baranyi,2013),althoughaphysicalexaminationofmorenovel

withthemostcommonadpositionbeingtoaflatoxigenicfungiproceeds(J.varga,

2015).MostofthespeciesyieldtheB-typeAFspassingthroughthepolyketidepathway

asdifuranocoumarinderivativesthoughspeciesrelatedtoA.parasiticus,A.nomius,A.

toxicarius,A.bombycis,A.parvisclerotigenus,A.minisclerotigenes,andA.arachidicola

arecapableofadditionallyproducingtheG-typeaflatoxins(J.vargaJ.F.,2009).AFM1,

AFM2,AFB2A,andAFG2Ahavebeenisolatedfrom culturesofA.flavusandA.parasiticus

whereasAFGM1,parasiticol,andaflatoxicolaremostlyproducedbyA.flavus.

AflatoxinshavebeendetectedinmostUgandafoodsandhaveaserioushealthproblem

attributedtolivercancer.Livercancerhasbeenincreasinglyrecordedinthehealth

sectorattributed aflatoxin exposureto human lives.AF also lead to otherhealth
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consequenceslikeacuteaflatoxicosis,affectsnegativelyproteinsynthesisandbrings

aboutbloodclotting,increaseinbodyweightandimmunogenesis.8.19livercancer

caseshavebeenreportedper100000inhabitantsannuallyinAfrica.Ofthesecases,

about3700arefrom Uganda.ForindividualsthatarehepatitisBandCsurfaceantigen

carriers,thelikelihoodofthem gettinglivercancerisrecordedashighasover50%.

1.2Problem statement

InUganda,livercancerhasbeenincreasinglybeingrecordedinthehealthsector

attributed aflatoxin exposure to human lives.AFs also lead to other health

consequenceslikeacuteaflatoxicosis,affectsnegativelyproteinsynthesisandbrings

aboutbloodclotting,increaseinbodyweightandimmunogenesis.

8.19livercancercaseshavebeenreportedper100000inhabitantsannuallyinAfrica.Of

thesecases,about3700arefrom Uganda.ForindividualsthatarehepatitisBandC

surfaceantigencarriers,thelikelihoodofthem gettinglivercancerisrecordedashigh

asover50%.

Foodsandbeveragesthatareproducedbytheprocessoffermentationthatproceeds

uptothetimeofconsumption,whichprovidesfavorableenvironmentforaflatoxigenic

fungalmultiplication.

AflatoxinshavebeendetectedinmostUgandafoodsbutnotyetinsomelikebeers,

meatbloodandthisstudyreview willfocusonlevelsofAFsincommonlyconsumed

foodsinUganda.
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1.3RESEARCHOBJECTIVES

Thisstudyreview isaimedatassessingAFlevelsincommonlyconsumedfoodsin

Uganda,which include;peanuts/groundnuts,beansand cerealslike;millet,maize,

sorghum andcassavaaswell.

Specificobjectives

• ToassessAFlevelsincommonfoodslike;peanuts/groundnuts,beansand

cerealslike;millet,maize,sorghum andcassava

• Tocomparethelevelsinthedifferentcommonlyconsumedfoods.

1.4JUSTIFICATION

Ugandaisanagriculturalcountrywhereapproximately60% ofherpeopledependon

farmingasasourceofincomeandfood.Aflatoxinsremainapersistentcauseofillness

andcauseofsufferingtopeopleinthecountry,unprecedentedlyreducingthenutritional

andeconomicvalueofagriculturalfoods.

Aflatoxins cannotbe readilyremoved from contaminated foods bydetoxification.

Thereforeitisneededtodevelopthebiologicalcontrolmethodsthatcanensurethe

crop safety by reducing the toxin content.This review is aimed atminimizing

contaminationthroughpreharvestmanagement,timelyharvesting,andprotectionof

cropsfrom pestattackandcountrywideawarenesscreation.Ifnotdone,therewillbe

continuousincreaseinthenumberofcancercasesreportedinthecountryUganda,

whichisabigrisktopeoples’health.Inaddition,itwillbeveryhardforUgandatosell

heragriculturalfoodproductstoothercountriesduetounregulatedlevelsofaflatoxins.



5

1.5REVIEW RESEARCHMETHODOLOGIES

Theinformationusedinthisstudyreviewwassystematicallysearchedfrom anumber

ofscientificjournalarticlespublishedinEnglishfrom Googlescholarsearchengine.

Thesepaperswereobtainedbytheuseofanumberofkeywords.Someofthedatawas

obtained from book section detailing quantification methods,advantages and

disadvantages.

1.5.1detectionandquantificationmethods

Inthissection,datawasobtainedfrom variouspurelyviewedandpublishedarticlesin

English from the Google scholar using the Keywords:“aflatoxin”,“detection”,

“quantificationmethods”,“advantagesanddisadvantages”.

Thelinkbelowwasveryinstrumentalwiththeuseoftheabovekeywordsinobtaining

thenecessaryarticleswiththerequiredinformation.

https://scholar.google.com/scholar?hl=en&as-

sdt=0%2C5&%q=aflatoxin+AND+foods+AND+Uganda&btnG=

Thisgeneratedover1000articlesthatexplainthedifferentdetectionandquantification

methodsofaflatoxinswiththeiradvantagesanddisadvantages.Sincethenumbersof

articleswereso many,a criterion ofselection wasdesigned,whereonlyarticles

publishedbetween2006todatewereselected.Thisreducedthenumberofarticlesby

almost600articlesandtheremainingarticleswerestilltoomuchtobecomparedasit

couldtakemuchtime.Anothercriterionthereforewasdesignedandthisdependedon

thenumberofcitationsforeacharticlewherethearticleswith40andmorecitations

wereselected.Basingonthis,thebestarticleswereselectedandreadbycomparingtill

Iextractedtherelevantdesiredinformation.
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1.5.2characterization

Theinformationconcerningthecharacterizationofaflatoxinswereobtainedthrough

thesamewaybutusingkeywardsof“aflatoxin”,“foods”,and“Uganda”andthecriteria

ofselectionremainedthesameasthatofresearchmethodologysection.
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1.6REVIEW OFRESULTSANDDISCUSSION

1.6.1RESULTS

Asreflectedinthetables2,3,4,and5aretheresultsthatweobtainedfrom various

Englishscientificpublishedarticlesuptodatefrom Googlescholarsearchengine.

Thesepaperswereobtainedbytheuseofanumberofkeywords.Someofthedatawas

obtainedfrom booksectiondetailingdetection,analysisandquantificationmethodsof

aflatoxins

Theresultsweresystematicallysearchedfrom papersthatwereobtainedwiththehelp

of the link https://scholar.google.com/scholar?hl=en&as-

sdt=0%2C5&%q=aflatoxin+AND+foods+AND+Uganda&btnG=

Byusingthekeywords:“aflatoxins”,“detection”,“foods”,“results”and“Uganda”



31

REFERENCES

(PACA),P.f.(2017).Country-LedAflatoxinandFoodSafetySituationAnalysisandAction

PlanningforUganda.AddisAbaba,Ethiopia:FinalReport,PACA,AfricanUnion

Commission.

]A.Seetha,W.M.(2017).“Occurrenceofaflatoxinsanditsmanagementindiversecropping

systemsofcentralTanzania,.MycotoxinResearch,33,323–331.

A.J.A.Essers,C.E.-N.(1995).Reducingcassavatoxicitybyheap-fermentationinUganda.

InternationalJournalofFoodSciencesandNutrition,46,125-136.

A.LopezandM.A.Crawford.(1967.).Aflatoxincontentofgroundnutssoldforhuman

consumptioninUganda.TheLancet,290,1351–1354.

A.N.Kaaya,C.H.(2006).peanutaflatoxinlevelsonfarmsandinmarketsofuganda.peanut

science,68-75.

A.P.Wacoo,D.W.(2014).Methodsfordetectionofaflatoxinsinagriculturalfoodcrops.

JournalofAppliedChemistry,15.

A.P.Wacoo,D.W.(2014).methodsofdetectionofaflatoxinsinagriculturalfoodcrops.journal

ofappliedchemistry,15.

A.P.Wacoo,D.W.(2018).feasibilityofanovelon-sitedetectionmethodforaflatoxininmaize

flourfrom marketsandselectedhousebholdsinKampala,Uganda.Toxins,10,327.

A.Seetha,W.M.(2017).Occurrenceofaflatoxinsanditsmanagementindiversecropping

systemsofcentralTanzania.MycotoxinResearch,vol.33,no.4,pp.323–331,2017.,33,

323-331.

A.Wacoo,I.M.(2019).probioticenrichmentandreductionofaflatoxinsinatraditionalafrica

maizebasedfermentedfood.Nutrients,265.

Allcroft,R.(1964).Aspectsofaflatoxicosisinfarm animals.CambridgeUniversitypress.

Blount,W.P.(1961).TurkeyXdisease.JournalofBritishTurkeyFederation,9,52-61.

D.K.Okello,M.B.(2010.).OverviewofgroundnutsresearchinUganda:past,presentandfuture.

AfricanJournalofBiotechnology,9,6448–6459.

D.Kitya,G.B.(2019).aflatoxinlevelsincommonfoodsofsouthwesternuganda:ariskfactor

tohepatocellularcarcinoma.europeanjournalofcancercare,19,516-521.



32

Eboku,A.N.(2010).mouldandaflatoxincontaminationofdriedcassavachipsineastern

uganda:associationwithtraditionalprocessingandstoragepractices.journalof

biologicalsciences,10,718-729.

F.Wu,C.N.(2011).TheHealthEconomicsofAflatoxin:GlobalBurdenofDisease,.Washington,

DC,,USA:Interna-tionalFoodPolicyResearchInstitute.

G.Asiki,J.s.(2014).apilotstudytoevaluateaflatoxinexposureinaruralugandanpopulation.

tropicalmedicineandinternationalhealth,19,592-599.

G.Bigirwa,G.S.(2006).fungalmicrofloracausingearrotsinugandaandassociatedaflatoxins.

journalofbiologicalsciences,6,540-546.

H.K.Taligoola,M.A.(2010).Toxigenicfungiandaflatoxinsassociatedwithmarketedrice

grainsinUganda.JournalofBasicandAppliedMycology,1,45-52.

H.S.Chun,H.J.-B.-H.(2007).determinationofaflatoxinlevelsnutsandtheirproducts

consumedinsouthKorea.foodchemistry,102,385-391.

Herzallah,S.M.(2009).Determinationofaflatoxinsineggs,milk,meatandmeatproductsusing

HPLCfluorescentandUVdetectors.FoodChemistry,1141–1146.

J.Osuret,G.M.(2016).aflatoxinfoodcontaminationofselectedstaplefoodssoldforhuman

consumptioninkampalamarkets,uganda.journalofbiologicalsciences,16,1-5.

J.varga,J.F.(2009).Areappraisaloffungiproducingaflatoxins.worldmycotoxinjournal,263-

277.

J.varga,N.B.(2015).mycotoxinproducersintheaspergillusgenus:anupdate.actabiologica

szegediensis,59,151-167.

J.D.Thrasher.(2012).AflatoxicosisinAnimals.AflatoxinsandHealth.

Jewers,J.K.(2015).MycotoxinsandtheirEffectonPoultryPro-duction,.TropicalDevelopment

andResearchInstitute(TDRI),london,UK.

K.Sargeant,A.s.(1961).Toxicityassociatedwithcertainsamplesofgroundnuts(Vol.192).

Kensley,J.D.(2005).roleofmetabolism andvirusesinaflatoxininducedlivercancer.

toxicologyandappliedpharmacology,131-137.

Klich,J.W.(2003).mycotoxins.microbiologyreviews,16,497-516.

M.A.Ismail,H.T.(2011).toxigenicmycobiotaassociatedwithbabyfoodslocallyproducedin

ugandawithspecialreferencetoaflatoxins.journalofbasicandappliedmycology,2,55-

67.



33

M.S.Kanalg,p.N.(2015).longitudinalevaluationofaflatoxinexposureintwocohortsinsouth-

westernuganda.foodadditivesandcontaminants,32,1322-1330.

M.E.Alpert,M.G.(1971).Associationbetweenaflatoxincontentoffoodandhepa-toma

frequencyinUganda.Cancer,28,253–260.

Monitor,D.(2019,April).NewTechnologytoCleanAflatoxinsfrom Grains.

http://mobile.monitor.co.ug/Business/Business/New-technology-to-clean-aflatoxins-

from-grains/2471012-5062312-format-xhtml-s6h8wgz/index.html.

N.Baranyi,S.K.(2013).currenttrendsinaflatoxinresearch.actabiologicaszegediensis,95-107.

News,P.(2018).“QuarterlynewsletterofthepartnershipforaflatoxincontrolinAfrica-African

Union.5.

Omara,T.(2019).Aflatoxigeniccontaminationofwhitemaizefrom someselectedugandan

districts.7.

P.Fandohan,D.Z.(2005).Fateofaflatoxinsandfumonisinsduringtheprocessingofmaizeinto

foodproductsinBenin.InternationalJournalofFoodMicrobiology,98,249–259.

P.Khlangwiset,G.S.(2011).Aflatoxinsandgrowthimpairment:areview.

CriticalReviewsinToxicology,41,740-755.

Q.Wu,A.J.(2009).Biologicaldegredationofaflatoxins(Vol.41).drugmetabolism reviews.

R.Bhat,R.R.(2010).mycotoxinsinfoodandfeed(Vol.9).

R.E.Black,C.G.(2013).maternalandchildundernutritionandoverweightinlow-incomeand

middle-incomecountries.thelancet,382,427-451.

R.Echodu,H.E.(2018).IsnoddingsyndromeinNorthernUgandalinkedtoconsumptionof

mycotoxincontaminatedfoodgrains.BMCResearchnotes,11,678.

R.Kajobe,E.K.(2016).Thestatusofhoneybeepestsinuganda.BulletinofAnimalhealthand

productioninafrica,105-117.

R.M.Sabran,M.R.(2012).“Socio-demographicandsocio-economicdeterminantsofadults’

knowledgeonfungalandaflatoxincontaminationinthediets.AsianPacificJournalof

TropicalBiomedicine,2,S1835–S1841.

Richard,J.L.(2008).Discoveryofaflatoxinsandsignificanthistoricalfeatures(Vol.27).

S.A.Baluka,D.S.(2017).mycotoxinsandmetallicelementconcentrationsinpeanutproducts

soldinugandamarkets.cogentfoodandagriculture,3.



34

S.Byakika,I.M.(2019).potentialapplicationoflacticacidstaetersinthereductionofaflatoxin

conataminationinfermentedsorghum-millietbeverages.internationaljournaloffood

contamination,6.

S.Muzoora,M.K.(2017).statusofaflatoxinlevelsingroundnuts.thepanafricanmedical

journal,11.

S.Okoth.(2016).improvingtheevidencebaseonaflatoxincontaminationandexposure.

Wageningen:CTAworkingpaper16/13.

T.Omara,S.N.(2018).Comparativeevaluationofthemicrobialsafetyofboiledlocallyvended

ready-to-drink,HTSTpasteurizedandUHTbovinemilksoldinNakawadivisionof

MetropolitanKampala.InternationalJournalofFoodScienceandNu-trition,3,185–189.

T.W.Kensler,B.D.(2011).a50-yearordysseofmechanisticandtranslationaltoxicology.

toxicologicalsciences,120,S28-S48.

Tanaka,M.T.(2008).DeterminationofAflatoxinsinFoodbyLC-MS/MS.AgilentTechnologies.

TimothyOmara,W.N.(2020).AflatoxinsinUganda:AnEncyclopedicReviewoftheEtiology,

Epidemiology,Detection,Quantification,ExposureAssessment,Reduction,andControl.

InternationalJournalofMicrobiology,2020,18.

Villers,P.(2014).Aflatoxinsandsafestorage.FrontiersinMicrobiology,5,1-6.

Vision,N.(2016,December30th).EAGCGivesEquipmenttoDetectAflatoxins.

http://googleweblight.com/i?u�https://

www.newvision.co.ug/new_vision/news/1443062/eagc-equipment-detect-

aflatoxins&hl�en-UG..

W.J.William,T.D.(2003).“Humanaflatoxicosesindevelopingcountriesareviewoftoxicology

exposure,potentialhealthconsequencesandinterventions.AmericanJournalofClinical

Nutrition,1106–1122.

Warren,N.A.(2005).AreviewofpastandpresentresearchonaflatoxininUganda.African

JournalofFood,AgricultureandNutritionalDevelopment,5,1–18.

Williams,M.K.(1968).HepatomaandgroundnutsintheWestNiledistrictsofUganda.Yale

JournalofBiologyandMedicine,41,69–78.

Yourtee,T.K.(1990).AflatoxigenicAspergilliinfoodsandfeedsinUganda.JournalofFood

Quality,13,97–107.


	Okongo 1.pdf
	Okongo 2.pdf

