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Fungal Infection and Mycotoxin Contamination of Maize
in the Humid Forestand the Western Highlands of

Cameroon
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Fungal incidenceand mycotoxin contaminationof farm-storedmaize were assessedand
comparedin grain samplesfrom three villages each in two agroecologicalzonesover
time. Maize sampleswere collectedat 2 and 4 monthsafter stocking from 72 farmers’
storesin 1996 and 1997 in the Humid Forest (HF) and WesternHighlands (WHL) of
Cameroon.Mycologicalassaysof thesesamplesrevealedseveralfungalspecies.Nigrospora
spp. were the most prevalent fungi in HF (32%) and WHL (30%) in 1996, Fusarium
verticillioides (22%) and F. graminearum(27%) were also isolatedfrom thesesamples.
In the WHL in 1996, no significant difference in fungal incidencewas found among
villages for samplescollected 2 months after harvest, but at 4 months incidencewas
significantlyhigher(P � 0.05). In 1997the levels of fungal contaminationwerelower than
in 1996. The incidenceof Aspergillus spp. waslow in general,rangingfrom 0.0 to 5.9%
infectedkernels.Analysiswith thin layerchromatographydetectedlow levels of aflatoxins
in a few samples. F. verticillioides mycotoxin fumonisin B 	 (300–26,000ng/g) and F.
graminearummetabolitesdeoxynivalenol ( � 100–1,300ng/g) and zearalenone( � 50–110
ng/g) weredeterminedby meansof polyclonalantibodycompetitive direct enzyme-linked
immunosorbentassay. A significantcorrelation(r=0.72;P=0.0001)wasfoundbetweenthe
incidenceof F. graminearumandthecontaminationwith deoxynivalenol.Storagetime (2 vs
4 monthsafter stocking)hada significantpositive effect (r=0.39; P=0.013)on the level of
fumonisinB 	 . This is thefirst reportof thenaturaloccurrenceof thesemycotoxinsin maize
in Cameroon.
KEY WORDS:Aflatoxin; deoxynivalenol; fumonisin; Fusariumgraminearum;Fusarium
verticillioides; Zeamays; zearalenone.

INTRODUCTION

Maize (Zea maysL.) is one of the most important food commoditiesproducedin
Cameroon.Ayuk-Takemet al. (1) reportedthat maizeis cultivatedon about600,000ha
with a productionof 800,000metric tons. Factorssuchassoil infertility, poormanagerial
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skills of farmers,high cost of inputs, environmentalstresses,pestsand diseasesin the
field andstorearelimiting productivity of theavailablelocalandimprovedmaizevarieties
(2,23).Sincethedevaluationof CFA (Communaut́eFinancìereAfricaine)currency, maize
productionhasincreasedmarkedly. Most farmersare involved in livestockproduction,
especiallypoultry and swine, which demandslarge amountsof maize grain for feed.
Agricultural productiontechniques,however, have not kept pacewith the demandfor
maize.

Thepresenceof leaf,stemandeardiseasesin mostmaizeproductionareasof Cameroon
was reportedby Cardwellet al. (6) andNgoko (23). Udoh et al. (33) andHell et al.
(9) reportedhigh levels of maize contaminationwith aflatoxin, causedby Aspergillus
flavus Link:Fr., in lowland areasin Nigeria and Bénin. In addition to the mycotoxic
Aspergillus spp., maizegrain can be contaminatedwith other fungi known to produce
toxins such as Fusarium spp., Penicillium spp., Acremoniumspp. and Diplodia spp.,
which affect grainquantityandquality (5,11,19).Bottalico et al. (4) reportedthatmaize
isolatesof Fusarium graminearumproducedthe trichothecenedeoxynivalenol (DON),
whereasSydenhamet al. (29) found that maize isolatesproducedsimultaneouslythe
oestrogenicmetabolitezearalenone(ZEA) andDON.Thecontaminationof maizeby fungi
thatproducetoxic metaboliteshasbeenassociatedwith severalhumanandanimaldiseases,
including liver and oesophagealcancer, in many partsof the world and particularly in
Africa (3,12,15,34,35).Rosset al. (26) and Thiel et al. (30) reportedfield outbreaks
of leukoencephalomalaciain horses,associatedwith corn naturally contaminatedwith
fumonisins.Motelin etal. (21) reportedthatpulmonaryedemasyndromeandhydrothorax
symptomswereassociatedwith maizecontaminatedwith 155 
 g/gof fumonisinB � (FB� )
fed to pigs. Rheederet al. (25) associatedexposureto Fusariummoniliforme-infected
maize contaminatedwith FB� with oesophagealcancerin the Transkei, South Africa.
Gelderblomet al. (7,8) demonstratedthat FB� is hepatotoxicandhepatocarcinogenicin
ratsfed 50 
 g/g. In SouthAfrica, themeanFB� levels in maizevariesfrom 0.3 mg/kgin
commercialmaizeproductsto 54 
 g/g in moldy, home-grown and-storedmaize.Beardall
and Miller (3) and Miller (20) showed that DON was associatedwith several animal
diseases.Prelusky (24)foundthatZEA, producedby F. graminearum,is associatedmainly
with swinediseases.No informationonmycotoxin-relatedcancersin humansin Cameroon
is available.

Maize is harvestedmanually, dried, shelledand storedusing traditional methodsin
Cameroon.In a farmersurvey, McHugh(17) foundthatapproximately40%of thefarmers
sort thegrainsbeforesellingand/orconsumption.Therefore,in � 60%of thecasesgood
andbadgrainis mixedat shellingandstoring.In mostcasesbadgrainwill endup in local
breweriesor animalfeedsbut duringhardshipconditionsit is consumeddirectlyashuman
food. Thereis no informationaboutthelevelsof mycotoxinsin farm-storedmaize,nor the
risk of significanthumanexposurein Cameroon.

Theobjectivesof thisstudywereto identify thefungi in storedmaize,overtime,in two
agroecologicalzonesof Cameroon,andto quantifytheassociatedmycotoxins.

MATERIALS AND METHODS

Samplecollection. Two surveys of maizestoragewerecarriedout in 1996and1997in
theHumidForest(HF) andWesternHighlands(WHL) zonesof theRepublicof Cameroon.
Twelve farms were selectedin eachof three villages of eachzone. The survey was
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conductedin theHF andWHL duringJuly–August1996,andin theWHL in August1997.
In the WHL the villageswereBamunka,Bali andNjinikom. Bamunkais locatedat

1,100m above sealevel (a.s.l.) in the NdopValley andis surroundedby mountainswith
peaksat 2,000m a.s.l.Therainfall distribution is bimodalandrangesfrom 1,000to 1,500
mm perannumwith temperaturesrangingfrom 18� to 35� C. Bali (1000m a.s.l.) receives
1500to 2000mmrainfall ayear, andhastwo croppingseasons.Njinikom,oneof themost
importantmaizeproductionandconsumptionareasin theprovince,is situatedat � 1,500
m a.s.l.Therainfall is alsobimodalandthetemperaturevariesbetween18� and30� C. In
eachvillage a 1-kg samplewascollectedfrom eachof the 12 farmsper village at 2 and
againat 4 monthsafterharvest. Thevillagesin theHF wereNgat,NkometouandEtoud.
They arecharacterizedby a forest/savannamosaicvegetationwith rainfall between1,200
and 2,000mm per year, distributedbetweentwo seasons,March–Juneand September–
November. The altitudeis below 800m a.s.l. andthemaximumtemperatureis � 32� C.
In this zonea 1-kg sampleof maizewascollectedfrom eachof 12 farmspervillage two
monthsafterharvest.

Thesampleswereshelledandthegrainwasdividedinto two equalsub-setspersample.
Thefirst sub-setwaskeptaskernelsin paperbagsin arefrigeratorfor mycologicalanalyses,
andthesecondsub-setwasmilled andstoredin a freezerpendingmycotoxinanalyses.

Mycological analysis. Kernelswere surface-sterilizedfor 1 min in 3.5% NaOCl and
rinsedtwice in sterilewater. In 1996,50kernels(5 kernels/90mmplate)from eachsample
(=3600kernelsin total) weretransferredto 1.5%malt extractagar(MEA) containing150
mg novobiocin/l andthe agarplateswere incubatedat 25� C in the dark for 5–7 daysat
PROMEC in SouthAfrica. In 1997,after surfacedisinfection,100kernels(5 kernels/90
mm plate) were plated per sample(=7200 kernels in total) on sterile filter paperand
incubatedatroomtemperature(24� C) for 5–7daysatIRAD Bambui, Bamenda,Cameroon.
All the isolatedfungi wererecordedandtheir frequenciesdeterminedusinga dissecting
and/or compoundmicroscope. Fusarium specieswere identified accordingto Nelson
et al. (22) andStenocarpellamacrospora (Earle)Sutton(=Diplodia macrospora Earle)
accordingto MarasasandVanderWesthuizen(16) andSuttonandWaterston(27). Other
fungi wereidentifiedto thelevel of genuson thebasisof their culturalandmorphological
characteristics,viz., Acremoniumspp.,Aspergillus spp.,Nigrospora spp. andPenicillium
spp. The fungi of primary interestwereFusariumspp. andAspergillus spp.,becauseof
their known relationshipwith humanandanimaldiseases.

Aflatoxin analysis Aflatoxin analyseswereperformedusingthin layerchromatography
(TLC) by themethodof Thomaset al. (31)only on samplescollectedin 1997.

Fumonisin,deoxynivalenoland zearalenoneanalyses. Theseanalyseswerecarriedout
on samplescollectedin 1996and1997. Of the 72 samplescollectedin 1996, 18 were
analyzedfor FB� , DON andZEA at PROMEC in CapeTown, SouthAfrica, asdescribed
by Sydenhamet al. (28). Seventy-two samplescollectedin 1997wereanalyzedfor FB�
in themycotoxinlaboratoryat the IITA Biological ControlCenterfor Africa in Cotonou,
Bénin.Fumonisin,DON andZEA concentrationsweredeterminedby polyclonalantibody
(PAb)-basedcompetitive direct enzyme-linked immunosorbentassay(Agri-Screeningkit
no. 70/8830,NeogenCorp.,Lansing,MI, USA) asdescribedby themanufacturer. Sample
toxin levels werecomparedto the standardsreceived from Veratox(NeogenCorp.). In
1997,fumonisinwasthe only mycotoxinanalyzed,becausethe equipmentnecessaryfor
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thedeterminationof DON andZEA wasnot available.

Data analysis Regressionanalyseswere performedwith the SAS packageusing the
generallinear modelon log (y+1)-transformeddata(%) on village, zone,andsampling
period. Mean comparisons(LSD) were madeon log-transformedfungal incidenceand
mycotoxinlevels per zone. Pearsoncorrelationanalysiswasconductedfor relationships
betweenfungalinfectionandlevelsof mycotoxincontaminationin thesamples.

RESULTS

1996

Mycological analysis Analysisof varianceshowed significant(P � 0.05)differencesin
incidenceamongthefungi within eachzone(Table1). The interactionbetweenzoneand
fungi wasnot significant(P � 0.05).Six fungalgenerawereisolatedfrom maizekernelsin
both zonesin 1996(Table1). Five genera,viz., Aspergillus, Fusarium(threespecies:F.
verticillioides(Sacc.)Nirenberg(=F. moniliformeSheldon);F. graminearumSchwabe;and
F. subglutinans(WollenweberandReinking)Nelson,ToussounandMarasas),Nigrospora,
Penicillium andStenocarpella, were identifiedandoneunidentifiedfungusis still under
investigation.Nigrospora spp. werethemostprevalentfungi thatoccurredin all villages,
with the highestincidenceat Etoud(52%; datanot shown). Of the mycotoxigenicfungi,
Fusariumverticillioides wasthe mostcommonlyisolated,from 27.3%at Bamunkaand
24.9%at Nkometouto 2.4%at Bambui. F. graminearumwasmostcommonlyisolatedat
Bamunka(17.6%)andNjinikom (25%). F. subglutinanswas rare in all of the villages.
A high incidenceof Penicillium spp. wasrecordedin Bamunka(15.6%). S.macrospora
andA. flavuswererarely isolated. An unidentifiedfungus,a sterileBasidiomycete,was
frequentlyisolatedat incidencelevels rangingfrom 2% at Bamunkato 21% at Bambui
(datanotshown). Fusariumproliferatum(Matsushima)Nirenberg wasisolatedatonly one
location (Bamunka,4.7%) and the incidencewasso low that it wasnot includedin the
analysis.

TABLE 1. Meanincidence(%) of fungi associatedwith maizekernelsfrom farmers’storesin the
HumidForest(HF) andWesternHighlands(WHL) of Cameroonin 1996

Fungi HF WHL
Fusariumgraminearum 27.2b� 10.5d
Fusariumverticillioides 22.1c 28.3b
Fusariumsubglutinans 9.3e 0.0g
Aspergillus flavus 4.7f 5.9e
Nigrospora spp. 32.1a 30.2a
Penicilliumspp. 14.3d 18.8c
Stenocarpellamacrospora 8.4e 5.6e
Unidentifiedfungus 21.6c 1.2f

� Within columns,meansfollowedby thesamelettersdonotdiffer significantly(P � 0.05).

Chemical analysis No aflatoxin analyseswere conductedbecauseof an incidenceof
� 3% of A. flavusin all samples.ThreeFusariummycotoxins,FB� , DON andZEA, were
detectedin themaizesamples(Table2). Fumonisinwasthemostprevalenttoxin identified,
foundin 16of 18samples.Thehighestlevelsof contaminationwereatNgat(26,000ng/g)
andNkometou(11,600ng/g). DON wasdetectedin 14 of 18 samples,with the highest
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TABLE 2. Incidenceof Fusariumverticillioides (Fver) andFusariumgraminearum(Fgram), and
levelsof mycotoxincontaminationof maizesamplesin theHumid ForestandWesternHighlandsof
Cameroonin 1996

Maizesamples % Incidenceof Fusariumspp. Mycotoxin level (ng/g)
Fver Fgram FB 	 DON ZEA

HumidForest
NGT3��� � 6 2 1,900 100 � 50
NGT7 4 nd� 3,200 nd nd
NGT8 12 nd 5,400 nd nd
NGT10 14 4 26,000 200 � 50
NKT11 82 nd 11,600 nd 50
NKT12 20 2 2,800 500 50
ETD5 20 6 3,800 100 50
ETD9 4 16 5,800 100 50
ETD11 30 nd 6,800 nd nd
WesternHighlands
BL1 6 6 1,700 200 � 50
BL2 nd 10 nd 100 � 50
BL3 16 18 300 600 60
BL4 nd 22 nd 100 220
BL5 nd 2 1,900 100 � 50
NJK6 10 16 600 300 50
BKA2 14 40 2,000 1,300 180
BKA3 48 18 1,100 600 1,100
BKA4 14 14 900 600 140

� BKA = Bamunka;BL = Bali; ETD = Etoud;NJK = Njinikom; NGT = Ngat;NKT = Nkometou.
� Numberfollowing acronym is thefarmer’s identificationnumber.
� nd= notdetected.

TABLE 3. Mean incidence(%) of mycotoxigenicfungi associatedwith maizekernelsfrom three
villagesin theWesternHighlandsof Cameroon,collectedin 1997from farmers’stores2 (sampleA)
and4 (sampleB) monthsafterharvest

Mycotoxigenicfungi Incidence(%)
Bali Bamunka Njinikom
A B A B A B

Fusariumspp. 3.3a� 3.2a 3.3a 12.8b 3.2a 7.0b
Aspergillus spp. 0.7a 0.0b 0.1a 1.2b 0.2a 3.3b
Penicilliumspp. 6.5a 9.2b 3.8a 10.9b 2.8a 8.4b

� Within rows andvillages,meansfollowedby thesameletterdonotdiffer significantly(P � 0.05).

levels detectedin Bambui (600 ng/g) andBamunka(1,300ng/g). ZEA wasdetectedin
14 of 18 samples,with thehighestconcentrationsrecordedin Bamunka(1,100ng/g)and
Bambui (220 ng/g). All samplesthat werefree of DON werealsofree of ZEA. In some
casesthethreetoxinswerefoundto co-occurin samples.

FusariumgraminearumwassignificantlyrelatedtoDONconcentration(r=0.8;P=0.001)
but not to ZEA. No functionalrelationshipwasfoundbetweenthepercentageincidenceof
F. verticillioidesandthefumonisinconcentration(r=0.8;P=0.77).

1997

Mycological analysis In 1997thefungalgenerafoundin maizesamplescollectedfrom
farmers’ storesin the WHL were F. verticillioides, F. graminearum, F. subglutinans,
Aspergillus spp.andPenicillium spp.(Table3). Penicillium spp.werethemostfrequently
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TABLE 4. Fumonisincontaminationof maizesamplesfrom threevillagesin theWesternHighlands
of Cameroon,collectedin 1997from farmers’stores2 (sampleA) and4 (sampleB) monthsafter
harvest

Sampleno. FumonisinB 	 level (ng/g)
Bali Bamunka Njinikom
A B A B A B

1 1,200 1,990 4 ,270 10,450 1,220 1,980
2 310 - � 2,470 620 800 2,710
3 1,010 - 4,760 2,750 370 570
4 410 1,440 1,860 3,690 730 500
5 5,070 800 2,530 6,270 100 1,200
6 320 0 0 3,800 2,430 -
7 310 0 0 3,600 1,100 2,570
8 400 0 0 1,120 610 1,360
9 390 0 8,290 15,130 1,210 3,340
10 390 0 6,930 8,300 800 4,240
11 990 0 0 1,470 230 240
12 730 0 1,500 12,320 4,720 410
Meanof positive
samples

590 1,740 2,720 5 ,790 1,190 1,610

� Storedmaizeconsumedby farmersprior to thedateof samplecollection.

TABLE 5. Relationshipbetweenstorageperiodand fumonisinB 	 (FB 	 ) contaminationof maize
samplescollectedin 1997from farmers’storesin theWesternHighlandsof Cameroon

Variable� Mean
differences
FB 	 (ng/g)

S.E. t Prob� t R



Village 2,048 376 16.29 0.001 0.39
Time(Village) 978 316 3.64 0.061
Time(Bali) 226 183 -1.23 0.243
Time(BKA) 3,083 1,052 2.93 0.013
Time(NJK) 376 620 0.61 0.557

� BKA= Bamunka;NJK=Njinikom; Time=differencebetween2 and4 monthsin store.

isolatedin all villages for both samplingperiods,i.e., after 2 and 4 monthsin storage.
Nigrospora spp. and Acremoniumspp. were isolatedat very low incidence. Although
the incidenceof Fusariumspp. remained � 5% at 2 monthsafter harvest, it increased
significantlyin BamunkaandNjinikomafter4 months.

Chemical analysis In all villages,tracesof aflatoxinweredetectedin very few samples
collected 2 and 4 months after harvest. At Njinikom 1.3% of the sampleswere
contaminatedwith aflatoxinB � , at 17 ng/g2 monthsafterharvestandat 31 ng/g4 months
afterharvest(datanotshown). Aflatoxin G� wasdetectedin traceamountsin 16.6%of the
samplesanalyzed4 monthsafterharvest.

At Bali, FB� levels varied from 310 ng/g to 5070 ng/g in all of the maizesamples
collected2 monthsafter harvest(Table4). Four monthsafter harvest,FB� wasdetected
in 25%of thesampleswith a meanFB� concentrationin positive samplesof 1,740ng/g,
up from 590 ng/g 2 monthsearlier. At Bamunka,FB� wasdetectedin 66.6%and100%
of the samplescollected2 and 4 monthsafter harvest, respectively. The meanFB�
concentrationincreasedfrom 2,720ng/g2 monthsafterharvestto 5,790ng/gat 4 months
after, correspondingto a 50% increase(Table4). At Njinikom, FB� wasdetectedin all
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thesamplescollected2 monthsafterharvest,at levelsrangingfrom 100to 4,720ng/g.All
thesamplescollected4 monthsafterharvestwerecontaminatedwith FB� at levelsranging
from 240to 4,240ng/g.Themeancontaminationlevelsincreasedfrom 1,190to 1,610ng/g
at 2 and4 monthsafterharvest,respectively.

Therewasasignificantdifferencebetweenthestorageperiodandthelevelof fumonisin
B � at Bamunka(P � 0.05),but the levelsdid not changesignificantlyat Bali or Njinikom
(Table5).

DISCUSSION

Thepredominantfungi associatedwith maizefrom rural areasin theHF andWHL of
Cameroonin 1996wereF. graminearum,F. verticillioides, Nigrospora spp.,Acremonium
and Penicillium spp. Other fungi observed in lower incidencewere F. proliferatum, F.
subglutinansandA. flavus. Thesefindingsare in accordancewith worldwide reportson
thepresenceof thesefungi in mostmaize-growing areas(5,13,16,22).Infectionof maize
by F. verticillioides is lessvisible thanby F. graminearum,which colorsthekernelsfrom
brown to dark-red.ZummoandScott(36) andThomasandBuddenhagen(32) isolatedF.
verticillioidesfrom apparentlyhealthymaizegrain.

A survey on maizestoragein Cameroon(unpublisheddata)revealedthat 10% of the
farmersconsumedtheir moldy maizeand 20% sold it on the market for varioususes,
including humanconsumption.High levelsof FB� , which cancausediseasesin animals
andhumans,arereportedthroughouttheworld. Marasas(14) consideredrisk assessment
parametersfor safelevelsof FB� in foodsandfeedsandsuggestedthat levelsof 100–200
ng/g shouldbe safefor humans. The levels of fumonisin found in the majority of the
samplesfrom theHF zonein Cameroonin 1996werehigherthanthis suggestedlevel. In
1997,at 4 monthsafter stocking,the averageFB� in the WHL maizestoreswas3,050
ng/g. In additionto FB� , DON andZEA werealsodetectedin Cameroon-grown maize.
Thehumanhealthrisk from multiple toxin exposureis not known, but it is expectedto be
additiveor evensynergistic (18).

In the WHL, only a few sampleshad detectablelevels of aflatoxins. This may be
explained by the fact that the relatively cool highland climate is not suitable for the
developmentof A. flavusand A. parasiticusand aflatoxin production. Hell et al. (9)
presenteddatathat suggestit is possibleto find mixturesof FB� andaflatoxin in Bénin.
SinceF. verticillioidesandA. flavusweresometimesisolatedfrom thesamemaizegrain,
it is possiblethatFB� andaflatoxinco-occurin Cameroon.Aflatoxin wasrarelydetected,
but it shouldnot beconcludedthatmaizeproducedin thesezonesof Cameroonis always
aflatoxin-free.Climatic conditionssuchasrainfall andtemperaturemayhave suppressed
the developmentof Aspergillus spp. and subsequentaflatoxin productionduring these
survey periods.Therisk of contaminationhasnot beenassessedin otherecologicalzones
of thecountry.

Chemicalanalysesshowed thatFB� wasthe mostimportantcontaminantof maizein
bothecologicalzones;DON andZEA werealsodetectedin bothzones.Thelevelsof DON
andZEA foundin this studyweresimilar to thosedetectedin cornin Italy (10). Giventhe
factthatmostsampleswerecollectedfrom maizeintendedfor humanconsumption,it may
beassumedthattheruralandurbanpopulationis exposedto FB� aswell asDON andZEA.
Consideringthe fact that Fusariumspp. areisolatedfrom a wide rangeof commodities,
thesemetabolitesmayalsooccurin otherimportantfoodcropsin Cameroon.
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In conclusion,this preliminary survey on storedmaizein two agroecologicalzones
of Cameroonshowed that this commodity is subject to fungal infection that tendsto
increasewith time of storage.This is the first reportof the secondarytoxic metabolites
FB� , DON and ZEA occurringin maizein Cameroon,and FB� was found to increase
with time of storage. The effect of a combinationof several mycotoxinson human
andanimalhealthshouldnot be underestimated,asthe synergistic effectshave not been
well elucidated. Methodsare available for assessmentof the level of humanexposure
to aflatoxin throughblood andurine analyses,but not for othermycotoxins(34). In the
absenceof empirical evidence,it must be assumedthat food basket levels of Fusarium
toxins are indicative of humanexposurelevels and shouldbe consideredas important
economicand public health concerns. Therefore, it is very important that farmers,
feed manufacturers,agronomists,plant pathologists,social scientists,extensionagents,
biological scientistsandhealthprofessionalsin Cameroonbe informedaboutthe risksof
consumingmoldy maizeandmaizeproducts. Emphasisshouldbe placedon designing
strategiesthatwill arouseawarenessabouttheundesirableeffectsof contaminatedgrainin
humanandanimalfoodsandfeeds,andon organizinginterventionswith appropriatecrop
andcommoditymanagementmethodsto reducetherisk of contaminationat thefarmgate.
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