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Determination of SeedborneFungi and Detectionof
Aflatoxins in SudaneseFenugreekSeeds

S.A.F. El-Nagerabi
�

Following incubationof fenugreek (Trigonella foenum-graecumL.) seedsonpotatodextrose
agarandmoistfilter papersat 28� 2� C, 59 speciesand11 varietiesbelonging to 21 genera
of fungi weredeterminedasseedbornein fenugreek crops.Amongtheseisolates,45 species
and9 varietiesarenew recordsfor this crop; and two speciesarenew to the mycofloraof
Sudan:Aspergillus stellifer andEmericellavariecolor. The genusAspergillus (15 species
and 8 varieties) is the most prevalent, followed by Drechslera (3 species),Rhizopus(3
species),Alternaria andFusarium(6 specieseach),Emericella(4 speciesand2 varieties),
Cladosporium andPenicillium (4 specieseach),Chaetomium(3 species)andCurvularia (3
speciesandonevariety). The remaining11 generadisplayedlow level of infection. Of the
commonpathogensof fenugreekplants,Fusariumoxysporum (2.13%)wasrecoveredfrom
theseedsof thiscrop.Thin layerchromatographicanalysisof chloroformextractsof 13seed
samplesshowed that two sampleswerenaturallycontaminatedwith aflatoxinsB � , B � , G �
andG� (7.5–35.2� g/kg).
KEY WORDS:Aflatoxins;fenugreek;Trigonella foenum-graecum; seedborne fungi; Sudan.

INTRODUCTION

Fenugreek (Trigonella foenum-graecum L.) is a common spicecrop of forage, with
yields ranging between150and275kg/ha andseedyieldsbetween500and3320kg/ha.
In the Sudan,fenugreek(‘Helba’) is grown underirrigation in Khartoum, Kordofan, the
Nile andNorthern states.Variousspeciesof fungi have beenidentifiedin fenugreekseeds
producedunder differentclimatic conditions (3,7,12,15,16). In Sudan,with its varied
climatic conditions, various saprophytic and pathogenic fungi would be expected to be
in associationwith different plantsandplant products (5,6). However, no researchhas
beenconductedthereon the seedbornemycoflora of fenugreekcrops. Thepresentstudy
wastherforeconductedto evaluatethemycofloraandoccurrenceof aflatoxinsin fenugreek
seedscollectedfrom thelocal marketsof Khartoum (Sudan).

MATERIALS AND METHODS

Thirteenseedsamplesof fenugreekwereobtainedfrom thelocalmarketsof Khartoum
during the harvest seasonsof 1993 to 1997. The sampleswere taken and examined
according to the InternationalSeedTestingAssociationmethods (11). Immediately after
their collection,the moisture content wasdeterminedusingthe ovenmethod. Replicates
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wereground in an electricmill anddried at 105� C to a constant weight. The moisture
content wascalculatedaspercentage of theinitial weight.

TABLE 1. Incidenceandnumberof fungalisolations� of fenugreek crops

Fungiisolated New records� Incidence%
Agar plate Blotter test

Alternaria alternata 0.75(3)� ND (0)
A. brassicicola * 7.88(3) 3.75(2)
A. chlamydospora * ND (0) 0.75(2)
A. citri * 5.88(6) ND (0)
A. dianthi * 2.00(3) ND (0)
A. tenuis * 0.50(2) 2.63(6)
Aspergillus sp. 1.25(4) 0.50(2)
A. caespitosus * 1.88(3) ND (0)
A. carbonarius * 6.00(3) 2.00(2)
A. flavipes ND (0) 2.00(1)
A. flavusvar. columnaris 3.42(12) 4.00(7)
A. flavusvar. flavus 4.13(13) 1.63(2)
A. fumigatus 0.56(7) 0.50(4)
A. japonicusvar. japonicus * ND (0) 2.00(1)
A. nidulansvar. echinulata * 2.00(1) ND (0)
A. nidulansvar. nidulans * 1.30(9) 1.25(3)
A. niger 7.59(13) 5.83(11)
A. niger var. awamori * ND (0) 6.00(3)
A. oryzae * ND (0) 2.25(4)
A. parasiticus 3.00(4) 1.50(2)
A. stellifer * 1.25(1) ND (0)
A. terreusvar. aureus * 1.00(1) 2.38(4)
A. terreusvar. terreus * 2.35(7) ND (0)
A. tetrazonus * 1.50(3) 0.75(1)
A. unguis * ND (0) 3.25(2)
Aureobasidiumpullulans * 0.50(1) 1.50(2)
Chaetomiumelatum * ND (0) 2.25(2)
C. globosum 2.50(6) 1.00(1)
C. spirale * 3.50(3) 1.75(2)
Cladosporiumcladosporioides * 0.75(1) 2.50(3)
C. oxysporum * 0.92(3) 1.25(6)
C. tenuissimum * 3.00(3) 2.25(2)
C. uredinicola * ND (0) 1.88(4)
Curvularia lunata ND (0) 3.75(3)
C. lunata var. aeria * 1.33(3) ND (0)
C. pallescens * ND (0) 0.50(3)
C. senegalensis * 1.00(2) 1.13(3)
Drechslera australiensis * 3.33(4) 4.25(5)
D. ellisii * 2.00(2) ND (0)
D. spicifera 8.00(5) 14.75(7)
Emericella nidulansvar. echinulata * 2.25(1) ND (0)
E. nidulansvar. nidulans * 1.00(6) 1.25(4)
E. quadrilineata * 1.50(2) 0.75(2)
E. unguis * ND (0) 3.25(2)
E. variecolor * 1.25(1) ND (0)
Fennellia flavipes * ND (0) 2.00(1)
Fusariumsp. 0.63(4) 1.00(1)
F. chlamydosporum * 2.75(3) ND (0)
F. oxysporum 2.25(2) 2.00(2)
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TABLE 1. (contd.)
F. poae 1.13(4) 1.00(1)
F. pallidoroseum 0.50(2) 0.25(1)
F. solani 1.00(1) 2.00(2)
F. verticill ioides 1.75(5) ND (0)
Microascustrigonosporus * ND (0) 1.75(1)
Mucor hiemalis * 4.50(3) ND (0)
Penicillium sp. 0.67(3) 0.75(1)
P. chrysogenum * 0.75(2) 0.25(1)
P. citrinum * 2.50(4) 0.50(1)
P. funiculosum * 1.75(2) ND (0)
P. purpurogenum * 1.88(3) 2.00(2)
Phomaexigua * 0.25(1) 0.88(4)
Pythiumultimum * 1.50(1) 4.25(2)
Rhizopusarrhizus 2.50(3) ND (0)
R.oryzae * 2.00(4) 0.75(1)
R.stolonifer 5.55(11) 8.50(7)
Sclerotiumbataticola * 0.25(1) 0.50(3)
Scopulariopsistrigonospora * ND (0) 1.75(1)
Ulocladiumsp. 0.38(3) ND (0)
Verticillium sp. 1.08(2) ND (0)
Sterile mycelia (hyaline anddark) 1.25(1) 2.13(4)

� Numberof fungal isolations,from 13 seedsamples,shown in parentheses.
�
	 , New recordsfor fenugreek seeds.
ND, Not detected.

Isolationof fungi from thefenugreekseedswascarriedout usingroutine agarplating
and blotter methods. From eachsample,400 seedswere surface-disinfectedin 0.1%
mercuric chloride for 5 min andwashedin severalchangesof steriledistilled water. The
disinfectedseedswerethenincubatedasepticallyon potatodextroseagarat 28� 2 � C for
1–2 weeks. Ten seedswerespacedaccording to their sizeon eachpetri dish. Similarly
treatedseedlots wereinoculatedon moistfilter paperswith cellulosewadding asblotters
and incubatedas above. The colonies of fungi which developed around the seedson
agarandfilter papers were examined, identified microscopicallyand the average levels
of contaminationwererecorded.

The bright greenish-yellow fluorescence method(2) and thin layer chromatography
(TLC) (17) wereusedfor determination of aflatoxinsin 13 seedsamplesof fenugreek.
Aflatoxin standards(Sigma:B � , A6636;B 
 , A9887; G � , A0138; G 
 , A0263)wereused.

RESULTS

Thespeciesdeterminedin fenugreekseedsarepresentedin Table1. Fifty-nine species
and11 varietiesbelonging to 21 generaof fungi werefoundto beseedbornefor this crop.
Among theseisolates,45 speciesand 9 varietiesare new reports for fenugreek seeds,
andtwo speciesareconsidered new to the mycoflora of Sudan:Aspergillus stellifer and
Emericellavariecolor.

ThegenusAspergillus (41%of thetotal colony count of fungi) wasthemostcommon
one,comprising 15 speciesand8 varieties. This genus was followed by Drechslera (3
species,12%), Rhizopus (3 species,11%), Alternaria (6 species,9%), andFusarium(6
species),Emericella(4 speciesand2 varieties),Cladosporium(4 species),Penicillium (4
species),Chaetomium (3 species)andCurvularia (3 speciesandonevariety)(20%). The
remaining 11genera(onespecieseach)togethermadeup7%of thecontamination.
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Someof themostcommon saprophytic anddevastatingpathogenicfungi of fenugreek
plantswererecoveredfrom theseedsof this crop, andtheseedswerehighly contaminated
with mold (13.25–56.0%,average 32.5%) (Table2). Various speciesof toxigenicfungi of
thegeneraAspergillus, FusariumandPenicillium wererecoveredfrom theseedsamples.
However, thin layer chromatographic analysisof chloroform extracts of the 13 seed
samplesshowed that only two sampleswerenaturally contaminatedwith aflatoxins B � ,
B 
 , G � andG
 (7.5–35.2) � g/kg (Table2).

TABLE 2. Contamination,moisturecontent (M.C.) andaflatoxinsof 13 seedsamplesof fenugreek

Sampleno. Contamination
(%)

M.C.% Aflatoxins( � g/kg)

1 34.0 10.23 –
2 19.25 11.30 –
3 22.0 9.45 –
4 34.0 10.50 –
5 42.50 10.20 –
6 17.75 12.04 –
7 45.50 9.69 –
8 56.0 8.72 B � , B � , G � andG� (7.5 � g/kg)
9 19.75 8.33 –

10 13.25 7.09 –
11 33.25 8.54 –
12 52.25 13.40 B � , B � , G � andG� (35.2 � g/kg)
13 32.0 9.03 –

DISCUSSION

Numerous speciesof fungi have beendetermined in fenugreek seedscultivated in
differentclimatic regions (3,7,12,15,16). In thepresentinvestigation, someof thesefungi
wererecovered from theseedsof this crop. TheseincludeAspergillus flavipes, A. flavus
var. columnaris, A. flavusvar. flavus, A. fumigatus,A. niger, A. parasiticus, Chaetomium
globosum, Curvularia lunata, Drechslera spicifera, Fusarium oxysporum, F. poae, F.
pallidoroseum,F. solani, F. verticillioides, Rhizopusarrhizus, R.stolonifer, Ulocladiumsp.
andVerticillium sp. Moreover, 45 speciesand9 varietiesof fungi wereidentifiedfor the
first time on fenugreekseeds,whereasAspergillus stellifer andEmericellavariecolor are
new to themycofloraof Sudan.Theoccurrenceof somany andsovariedfungal specieson
theseseedssuggestedthehigh possibilityof recoveringadditional new fungi, asindicated
in similar studies(5,6).

In other pathogenicity studiesof fenugreek plants (7,8), Alternaria alternata and
F. moniliformewere the predominant fungi of fenugreekseeds,with Botrytis cinerea,
Curvularia inaequalis, C. lunata, Drechslera spicifera, Epicoccum purpurascens, F.
oxysporum, F. pallidoroseum, F. solani,Phoma sp.,Stemphyliumbotryosum, Ulocladium
sp. and Verticillium albo-atrum ranking secondin abundance. In the presentstudy
the genus Aspergillus, which yielded15 speciesand8 varieties (41% of the total count
of fungi), was the most prevalentgenus, followed by Drechslera, Rhizopus, Alternaria,
Fusarium, Emericella, Cladosporium, Penicillium, ChaetomiumandCurvularia, while the
remaining 11 generaexhibited very low levelsof incidence. Similar resultswereobtained
in mycologicalstudiesof somerelatedlegumessuchascowpea,lentil, lupine,peaandbean
(1,4,5,6,9,10,14,18).
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Fenugreekplantsarevulnerableto infestationby differentpathogenicseedborne fungi
(12,15,16). In thepresent study, F. oxysporum wasrecovered(2.1%)from theseedsof this
croptogetherwith somedestructivespeciesof thecommongeneraAlternaria,Aspergillus,
Chaetomium, Curvularia, Drechslera, Fusarium, Mucor, Penicillium, Rhizopus, and
Ulocladium (5,6,14).

Pulsesare prone to contamination with various mycotoxins, especiallyaflatoxins
(4,5,6). Theseedsof fenugreekaresubjectto attackby numeroustoxin-producingspecies
of the genera Aspergillus andFusarium(3,8,13). In this research,the fenugreekseeds
werenaturallycontaminatedwith various speciesof mold (13.2–56.0%, average 32.5%)
andapparently infectedby aflatoxigenic fungi suchasA. flavus var. columnaris, A. flavus
var. flavusand A. parasiticus. TLC analysis showed that two sampleswere naturally
contaminatedwith aflatoxins B � andB 
 , G� andG
 atconcentrationsranging between7.5
and35.2 � g/kg seeds.It is clearthat the fairly dry conditions of Sudanunder which the
fenugreekseedsaregenerally storedfavor molddevelopmentandaflatoxinsproductionon
theseeds.

In conclusion, it is evidentthatfenugreekseedsarenaturallycontaminatedwith many
fungi, someof whicharenew reports for thiscropandnew to themycofloraof Sudan.The
studyalsodemonstratedthat theseseedsharbor someof the saprophytic andpotentially
pathogenicfungi, which proveddestructive under bothfield andstorageconditions. The
seedsof fenugreekseemedto beinfectedby a fair amount of common moldandaflatoxin-
producingfungi. Therefore,specialemphasisshouldbefocusedon harvesting techniques
andstoragemethods to avoid themisuseof suchcontaminatedseeds.
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