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

Z.Ngoko,! W.F.O. Marasas;?J.P Rheedef G.S.Shephard,
M.J. Wingfield® andK.F. Cardwelf

Fungalincidenceand mycotoxin contaminationof farm-storedmaize were assessea@nd
comparedin grain samplesfrom three villages eachin two agroecologicalzonesover

time. Maize sampleswere collectedat 2 and 4 monthsafter stockingfrom 72 farmers’
storesin 1996 and 1997 in the Humid Forest (HF) and WesternHighlands (WHL) of

CameroonMycologicalassay®f thesesamplesevealedseveralfungalspeciesNigrospoa

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 differencein fungal incidencewas found among
villages for samplescollected 2 months after hanest, but at 4 monthsincidencewas
significantly higher (P<0.05). In 1997the levels of fungal contaminationverelower than
in 1996. Theincidenceof Aspeugillus spp. waslow in general rangingfrom 0.0to 5.9%
infectedkernels. Analysiswith thin layer chromatographyletectedow levels of aflatoxins
in a few samples. F. verticillioides mycotoxin fumonisin B; (300-26,000ng/g) and F.

graminearummetabolitesdeoxynvalenol (<100-1,300ng/g) and zearalenond<50-110
ng/g) were determinecby meansof polyclonal antibodycompetitve direct enzyme-linled

immunosorbenassay A significantcorrelation(r=0.72; P=0.0001)wasfound betweerthe
incidenceof F. graminearumandthe contaminatiorwith deoxynvalenol. Storagetime (2 vs
4 monthsafter stocking)hada significantpositive effect (r=0.39; P=0.013)on the level of

fumonisinB; . Thisis thefirst reportof the naturaloccurrenceof thesemycotoxinsin maize
in Cameroon.

KEY WORDS: Aflatoxin; deoxynvalenol; fumonisin; Fusariumgraminearum;Fusarium
verticillioides; Zeamays zearalenone.

INTRODUCTION

Maize (ZeamaysL.) is one of the mostimportantfood commoditiesproducedin
Cameroon.Ayuk-Takemetal. (1) reportedthat maizeis cultivatedon about600,000ha
with a productionof 800,000metrictons. Factorssuchassoil infertility, poormanagerial
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skills of farmers,high cost of inputs, ervironmentalstressespestsand diseasesn the
field andstorearelimiting productvity of the availablelocal andimprovedmaizevarieties
(2,23). Sincethe devaluationof CFA (Communaué FinancereAfricaine) curreng, maize
productionhasincreasedmarkedly. Most farmersare involved in livestockproduction,
especiallypoultry and swine, which demandslarge amountsof maize grain for feed.
Agricultural productiontechniqueshowever, have not kept pacewith the demandfor
maize.

Thepresencef leaf, stemandeardiseasei mostmaizeproductionareaf Cameroon
was reportedby Cardwellet al. (6) and Ngoko (23). Udohetal. (33) andHell et al.
(9) reportedhigh levels of maize contaminationwith aflatoxin, causedby Aspegillus
flavus Link:Fr., in lowland areasin Nigeria and Bénin. In addition to the mycotoxic
Aspeugillus spp., maize grain can be contaminatedvith other fungi known to produce
toxins such as Fusarium spp., Penicillium spp., Acremoniumspp. and Diplodia spp.,
which affect grain quantityand quality (5,11,19). Bottalico etal. (4) reportedthatmaize
isolatesof Fusarium graminearumproducedthe trichothecenedeoxynvalenol (DON),
whereasSydenhamet al. (29) found that maize isolatesproducedsimultaneouslythe
oestrogenienetabolitezearalenon€ZEA) andDON. Thecontaminatiorof maizeby fungi
thatproduceoxic metabolitehasbeenassociatedvith severalhumanandanimaldiseases,
including liver and oesophageatancer in mary partsof the world and particularly in
Africa (3,12,15,34,35).Rosset al. (26) and Thiel et al. (30) reportedfield outbreaks
of leukoencephalomalacia horses,associatedvith corn naturally contaminatedwith
fumonisins.Motelin etal. (21) reportecthat pulmonaryedemasyndromeandhydrothorax
symptomswvereassociateavith maizecontaminateavith 155 ug/g of fumonisinB; (FB;)
fed to pigs. Rheederet al. (25) associateaxposureto Fusariummoniliformeinfected
maize contaminatedvith FB; with oesophageatancerin the Translei, South Africa.
Gelderblomet al. (7,8) demonstratedhat FB; is hepatotoxicand hepatocarcinogenim
ratsfed 50 p.g/g. In SouthAfrica, the meanFB; levelsin maizevariesfrom 0.3 mg/kgin
commerciaimaizeproductsto 54 pg/gin moldy, home-grevn and-storedmaize.Beardall
and Miller (3) and Miller (20) shaved that DON was associatedwvith several animal
diseasesPrelusly (24) foundthatZEA, producedy F. graminearumis associatedhainly
with swinediseasesNo informationon mycotoxin-related¢ancersn humansn Cameroon
is available.

Maize is harestedmanually dried, shelledand storedusing traditional methodsin
Cameroonln afarmersuney, McHugh (17) foundthatapproximately30% of thefarmers
sortthe grainsbeforesellingand/orconsumption.Thereforejn ~ 60% of the casegyood
andbadgrainis mixedat shellingandstoring.In mostcasesadgrainwill endupin local
breweriesor animalfeedsbut duringhardshipconditionsit is consumedlirectly ashuman
food. Thereis noinformationaboutthelevelsof mycotoxinsin farm-storednaize,northe
risk of significanthumanexposurein Cameroon.

Theobjectivesof this studywereto identify thefungiin storedmaize,overtime,in two
agroecologicaronesof Cameroonandto quantifytheassociatednycotoxins.

MATERIALS AND METHODS

Samplecollection. Two sureys of maizestoragewerecarriedoutin 1996and1997in
theHumid Forest(HF) andWesterrHighlands(WHL) zonesof the Republicof Cameroon.
Twelve farms were selectedin eachof three villages of eachzone. The surey was
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conductedn theHF andWHL during July—Augustl996,andin theWHL in August1997.

In the WHL the villageswere Bamunka,Bali and Njinikom. Bamunkais locatedat
1,100m above sealevel (a.s.l.) in the Ndop Valley andis surroundedy mountainswith
peaksat 2,000m a.s.l. Therainfall distribution is bimodalandrangesrom 1,000to 1,500
mm perannumwith temperaturesangingfrom 18° to 35°C. Bali (1000m a.s.l.)receves
1500to 2000mm rainfall ayear andhastwo croppingseasonsiNjinikom, oneof the most
importantmaizeproductionandconsumptiorareasn the province, is situatedat ~ 1,500
m a.s.l. Therainfall is alsobimodalandthe temperaturerariesbetweenl8® and30°C. In
eachvillage a 1-kg samplewas collectedfrom eachof the 12 farmsper village at 2 and
againat 4 monthsafter harest. Thevillagesin the HF were Ngat, Nkometouand Etoud.
They arecharacterizedby a forest/saannamosaicvegetationwith rainfall betweenl,200
and 2,000 mm per year, distributed betweentwo seasonsMarch—Juneand September
November The altitudeis belov 800 m a.s.l. andthe maximumtemperatures ~ 32°C.
In this zonea 1-kg sampleof maizewas collectedfrom eachof 12 farmsper village two
monthsafterhanest.

Thesamplesvereshelledandthegrainwasdividedinto two equalsub-setpersample.
Thefirst sub-setvaskeptaskernelsn papetbagsn arefrigeratorfor mycologicalanalyses,
andthe secondsub-setvasmilled andstoredin afreezempendingmycotoxinanalyses.

Mycological analysis. Kernelswere surface-sterilizedor 1 min in 3.5% NaOCI and
rinsedtwicein sterilewater In 1996,50 kernels(5 kernels/90mm plate)from eachsample
(=3600kernelsin total) weretransferredo 1.5% malt extractagar(MEA) containingl50

mg novobiocind andthe agarplateswereincubatedat 25°C in the dark for 5-7 daysat

PROMEC in SouthAfrica. In 1997, after surfacedisinfection,100 kernels(5 kernels/90
mm plate) were plated per sample(=7200 kernelsin total) on sterile filter paperand
incubatedatroomtemperatur¢24°C) for 5—7daysatIRAD Bamhui, BamendaCameroon.
All the isolatedfungi wererecordedandtheir frequenciesdeterminedusing a dissecting
and/or compoundmicroscope. Fusarium specieswere identified accordingto Nelson
etal. (22) and Stenocarpellanacospom (Earle) Sutton (=Diplodia maciospoa Earle)
accordingto MarasasandVan der Westhuizen(16) and Suttonand Waterston(27). Other
fungi wereidentifiedto thelevel of genuson the basisof their culturalandmorphological
characteristicsyiz., Acremoniumspp.,Aspegillus spp.,Nigrospoi spp. and Penicillium

spp. The fungi of primary interestwere Fusariumspp. and Aspegillus spp.,becausef

their known relationshipwith humanandanimaldiseases.

Aflatoxin analysis Aflatoxin analysesere performedusingthin layer chromatography
(TLC) by themethodof Thomasetal. (31) only on samplescollectedin 1997.

Fumonisin, deoxynivalenoland zearalenoneanalyses. Theseanalysesverecarriedout
on samplescollectedin 1996 and 1997. Of the 72 samplescollectedin 1996, 18 were
analyzedor FB;, DON andZEA at PROMEC in CapeTown, SouthAfrica, asdescribed
by Sydenhanetal. (28). Seventy-two samplescollectedin 1997 were analyzedfor FB;
in the mycotoxinlaboratoryat the lITA Biological Control Centerfor Africa in Cotonou,
Bénin. Fumonisin DON andZEA concentrationsveredeterminedy polyclonalantibody
(PAb)-basedcompetitive direct enzyme-linked immunosorbenassay(Agri-Screeningkit
no. 70/8830,NeogenCorp.,Lansing,MI, USA) asdescribedy the manufcturer Sample
toxin levels were comparedo the standardseceved from Veratox(NeogenCorp.). In
1997, fumonisinwasthe only mycotoxinanalyzed becausehe equipmentecessaryor
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thedeterminatiorof DON andZEA wasnot available.

Data analysis Regressionanalyseswere performedwith the SAS packageusing the
generallinear model on log (y+1)-transformediata (%) on village, zone,and sampling
period. Mean comparisongLSD) were madeon log-transformedungal incidenceand
mycotoxinlevels per zone. Pearsorcorrelationanalysiswas conductedor relationships
betweerfungalinfectionandlevelsof mycotoxincontaminatiorin thesamples.

RESULTS

1996

Mycological analysis Analysis of varianceshoved significant(P<0.05) differencesn

incidenceamongthe fungi within eachzone(Table1). Theinteractionbetweerzoneand
fungi wasnot significant(P>0.05). Six fungalgeneravereisolatedfrom maizekernelsin

both zonesin 1996 (Table1). Five generayiz., Aspegillus, Fusarium(threespecies:F.

verticillioides(Sacc.)Nirenbeg (=F. moniliformeSheldon) . graminearunSchwabe;and
F. subglutinangWollenweberandReinking)Nelson, ToussourandMarasas)Nigrospom®,

Penicillium and Stenocarpellawere identified and one unidentifiedfungusis still under
investigation.Nigrospow spp. werethe mostprevalentfungi thatoccurredn all villages,
with the highestincidenceat Etoud (52%; datanot shavn). Of the mycotoxigenicfungi,

Fusariumverticillioides was the most commonlyisolated,from 27.3%at Bamunkaand
24.9%at Nkometouto 2.4%at Bamhui. F. graminearumwasmostcommonlyisolatedat
Bamunka(17.6%)and Njinikom (25%). F. subglutinansvasrarein all of the villages.
A highincidenceof Penicillium spp. wasrecordedn Bamunka(15.6%). S. maciospoir
andA. flavuswererarely isolated. An unidentifiedfungus,a sterile Basidiomycetewas
frequentlyisolatedat incidencelevels rangingfrom 2% at Bamunkato 21% at Bamhui

(datanotshown). Fusariumproliferatum(MatsushimaNirenbeg wasisolatedat only one
location (Bamunka,4.7%) and the incidencewas so low thatit wasnot includedin the
analysis.

TABLE 1. Meanincidence(%) of fungi associatedvith maizekernelsfrom farmers’storesin the
Humid Forest(HF) andWesternHighlands(WHL) of Cameroorin 1996

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

#Within columns meandollowed by the saméettersdo notdiffer significantly(P>0.05).

Chemical analysis No aflatoxin analyseswere conductedbecauseof an incidenceof
<3% of A. flavusin all samples.ThreeFusariummycotoxins,FB;, DON andZEA, were
detectedn themaizesamplegTable2). Fumonisinwasthemostprevalenttoxin identified,
foundin 16 of 18 samplesThehighestievelsof contaminatiorwereat Ngat(26,000ng/g)
and Nkometou(11,600ng/g). DON wasdetectedn 14 of 18 sampleswith the highest
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TABLE 2. Incidenceof Fusariumverticillioides (Fver) and Fusariumgraminearum(Fgram), and
levels of mycotoxincontaminatiorof maizesamplesn the Humid ForestandWesternHighlandsof
Cameroorin 1996

Maizesamples % Incidenceof Fusariumspp.  Mycotoxin level (ng/g)

Fver Fgram FB: DON ZEA
Humid Forest
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 =BamunkaBL = Bali; ETD = Etoud;NJK = Njinikom; NGT = Ngat; NKT = Nkometou.
¥Numberfollowing acrorym is thefarmers identificationnumber
*nd = notdetected.

TABLE 3. Meanincidence(%) of mycotoxigenicfungi associatedvith maizekernelsfrom three
villagesin the WesterrHighlandsof Cameroongollectedin 1997from farmers’stores2 (sampleA)
and4 (sampleB) monthsafterhanest

Mycotoxigenicfungi  Incidence(%)

Bali Bamunka Njinikom

A B A B A B
Fusariumspp. 3.3« 3.2a 3.3a 12.8b 3.2a 7.0b
Aspepillus spp. 0.7a 0.0b 0.la 1.2b 0.2a 3.3b
Penicilliumspp. 6.5a 9.2b 3.8a 10.9b 2.8a 8.4b

#Within rows andvillages,meandollowed by the sameletterdo not differ significantly(P>0.05).

levels detectedn Bamhui (600 ng/g) and Bamunka(1,300ng/g). ZEA was detectedn
14 of 18 sampleswith the highestconcentrationsecordedn Bamunka(1,100ng/g) and
Bamhui (220 ng/g). All sampleghatwerefree of DON werealsofree of ZEA. In some
caseghethreetoxinswerefoundto co-occurin samples.

Fusariumgraminearunwassignificantlyrelatecto DON concentratiorfr=0.8;P=0.001)
but notto ZEA. No functionalrelationshipwasfound betweerthe percentagéncidenceof
F. verticillioidesandthe fumonisinconcentratior{fr=0.8; P=0.77).

1997

Mycological analysis In 1997the fungalgeneraoundin maizesamplescollectedfrom
farmers’ storesin the WHL were F. verticillioides, F. graminearum F. subglutinans,
Aspegillus spp.andPenicillium spp. (Table3). Penicillium spp.werethe mostfrequently
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TABLE 4. Fumonisincontaminatiorof maizesampledrom threevillagesin the WesternHighlands
of Cameroongollectedin 1997 from farmers’stores2 (sampleA) and4 (sampleB) monthsafter

hanest

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

# Storedmaizeconsumedy farmersprior to the dateof samplecollection.

TABLE 5. Relationshipbetweenstorageperiod and fumonisinB; (FB;) contaminationof maize
samplegollectedin 1997from farmers’storesin the WesternHighlandsof Cameroon

Variablé Mean S.E. t Proby>t R?
differences
FBi (ng/g)

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=differencebetweer? and4 monthsin store.

isolatedin all villages for both samplingperiods,i.e., after 2 and 4 monthsin storage.
Nigrospom spp. and Acremoniumspp. were isolatedat very low incidence. Although
the incidenceof Fusariumspp. remained<5% at 2 monthsafter hanest, it increased
significantlyin BamunkaandNjinikom after4 months.

Chemical analysis In all villages,tracesof aflatoxinweredetectedn very few samples
collected 2 and 4 months after hanest. At Njinikom 1.3% of the sampleswere
contaminateavith aflatoxinBy, at 17 ng/g2 monthsafterhanestandat 31 ng/g4 months
afterhanest(datanot showvn). Aflatoxin G; wasdetectedn traceamountsn 16.6%of the
samplesanalyzed monthsafterhanest.

At Bali, FB; levels varied from 310 ng/g to 5070 ng/gin all of the maize samples
collected2 monthsafter harvest(Table4). Four monthsafter harvest,FB; wasdetected
in 25% of the sampleswith a meanFB; concentrationn positve samplesof 1,740ng/g,
up from 590 ng/g 2 monthsearlier At Bamunka,FB; wasdetectedn 66.6%and100%
of the samplescollected2 and 4 monthsafter hanest, respectiely. The meanFB;
concentratiorincreasedrom 2,720ng/g 2 monthsafter harestto 5,790ng/g at 4 months
after, correspondingo a 50% increasg(Table4). At Njinikom, FB; wasdetectedn all
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thesamplesollected2 monthsafterharest,atlevelsrangingfrom 100to 4,720ng/g. All
thesamplesollected4d monthsafterharvestwerecontaminateavith FB; atlevelsranging
from 240to 4,240ng/g. Themeancontaminatiorevelsincreasedrom 1,190to 1,610ng/g
at 2 and4 monthsafterharest,respectiely.

Therewasasignificantdifferencebetweerthestoraggeriodandthelevel of fumonisin
B; at Bamunka(P<0.05),but thelevels did not changesignificantlyat Bali or Njinikom
(Table5).

DISCUSSION

The predominanfungi associatedvith maizefrom rural areasn the HF and WHL of
Cameroorin 1996wereF. graminearumF. verticillioides Nigrospom spp.,Acremonium
and Penicillium spp. Otherfungi obsered in lower incidencewere F. proliferatum F.
subglutinansand A. flavus. Thesefindingsarein accordanceavith worldwide reportson
the presencef thesefungi in mostmaize-graving areaq5,13,16,22).Infection of maize
by F. verticillioidesis lessvisible thanby F. graminearumwhich colorsthe kernelsfrom
brown to dark-red.ZummoandScott(36) and ThomasandBuddenhagei(32) isolatedF.
verticillioidesfrom apparentlyhealthymaizegrain.

A suney on maizestoragein Cameroonunpublisheddata)revealedthat 10% of the
farmersconsumedheir moldy maize and 20% sold it on the market for varioususes,
including humanconsumption.High levels of FB;, which cancausedisease$n animals
andhumansarereportedthroughoutthe world. Marasag14) consideredisk assessment
parametersor safelevelsof FB; in foodsandfeedsandsuggestedhatlevelsof 100-200
ng/g shouldbe safefor humans. The levels of fumonisin found in the majority of the
sampledrom the HF zonein Cameroorin 1996werehigherthanthis suggestedevel. In
1997, at 4 monthsafter stocking, the averageFB; in the WHL maize storeswas 3,050
ng/g. In additionto FB;, DON andZEA werealsodetectedn Cameroon-gravn maize.
The humanhealthrisk from multiple toxin exposureis not known, but it is expectedto be
additive or evensynepgistic (18).

In the WHL, only a few sampleshad detectabldevels of aflatoxins. This may be
explained by the fact that the relatively cool highland climate is not suitablefor the
developmentof A. flavusand A. parasiticus and aflatoxin production. Hell et al. (9)
presentediatathat suggesit is possibleto find mixturesof FB; andaflatoxinin Bénin.
SinceF. verticillioidesandA. flavuswere sometimessolatedfrom the samemaizegrain,
it is possiblethatFB; andaflatoxinco-occurin CameroonAflatoxin wasrarely detected,
but it shouldnot be concludedhatmaizeproducedn thesezonesof Camerooris always
aflatoxin-free.Climatic conditionssuchasrainfall andtemperaturenay have suppressed
the developmentof Aspepillus spp. and subsequenaflatoxin productionduring these
suney periods.Therisk of contaminatiorhasnot beenassesseih otherecologicalzones
of thecountry

Chemicalanalyseshovedthat FB; wasthe mostimportantcontaminanof maizein
bothecologicalzonesDON andZEA werealsodetectedn bothzones.Thelevelsof DON
andZEA foundin this studyweresimilar to thosedetectedn cornin Italy (10). Giventhe
factthatmostsamplesverecollectedfrom maizeintendedfor humanconsumptionit may
beassumedhattheruralandurbanpopulationis exposedo FB; aswell asDON andZEA.
Consideringthe factthat Fusariumspp. areisolatedfrom a wide rangeof commodities,
thesemetabolitesnayalsooccurin otherimportantfood cropsin Cameroon.
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In conclusion,this preliminary survey on storedmaizein two agroecologicakones
of Cameroonshawved that this commodity is subjectto fungal infection that tendsto
increasewith time of storage. This is the first reportof the secondarjtoxic metabolites
FB;, DON andZEA occurringin maizein Cameroon,and FB; was found to increase
with time of storage. The effect of a combinationof several mycotoxinson human
andanimal healthshouldnot be underestimatedasthe synegistic effectshave not been
well elucidated. Methodsare available for assessmentf the level of humanexposure
to aflatoxinthroughblood and urine analysesput not for other mycotoxins(34). In the
absenceof empirical evidence,it mustbe assumedhat food baslet levels of Fusarium
toxins are indicative of humanexposurelevels and should be consideredas important
economicand public health concerns. Therefore,it is very important that farmers,
feed manufcturers,agronomists plant pathologists,social scientists,extensionagents,
biological scientistsand healthprofessionalsn Cameroorbe informedaboutthe risks of
consumingmoldy maize and maize products. Emphasisshould be placedon designing
stratgjiesthatwill arouseawarenessbouttheundesirableffectsof contaminatedrainin
humanandanimalfoodsandfeeds,andon organizinginterventionswith appropriatecrop
andcommoditymanagemennethodgso reducetherisk of contaminatioratthefarmgate.
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