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Natural Occurrenceof Citrinin in Rice Grains and Its
Biocontrol by Trichodermahamatum

E.F. Abd-Allah� ,1 andS.M. Ezzat2

Paddy rice was sampled from El-Sharkia, El-Gharbia, El-Dakahlia and Kafr El-Shekh
governorates, Egypt. Of the 30 samples taken, ten were contaminated with the mycotoxin
citrinin. An average of 6.79 x 104 fungal spores per gram rice was found. The isolated
fungi represented 47 species and 28 genera. The predominant genera were Aspergillus,
Cladosporium and Penicillium. Aspergilli were represented by 22 species; Aspergillus niger
and A. flavus had the highest occurrence. Penicillium viridicatum produced the highest
amount of citrinin on glucose ammonium nitrate salts broth and rice grains, and hence this
isolate was selected as a good producer of citrinin in this study. The presence of Trichoderma
hamatum reduced the amount of citrinin produced by P. viridicatum compared with its
respective control. The excessive growth of T. hamatum on P. viridicatum was increased with
time. Viability of P. viridicatum conidia decreased by T. hamatum with an increase in the
incubation period. Chitinases and 1,3-β-glucanase enzyme activity of T. hamatum increased
with extending the incubation period on P. viridicatum mycelia up to maximum values at
72 and 84 h, respectively. T. hamatum led to a decrease in the production of citrinin by P.
viridicatum on rice grains compared with the respective control values.
KEY WORDS: Trichoderma hamatum; Penicillium viridicatum; biocontrol; citrinin; rice;
mycotoxin.

INTRODUCTION

Citrinin hasbeenfound asa naturalmycotoxincontaminantof rice grains(36). It is
a toxic secondarymetaboliteof certainspeciesof thegeneraAspergillus (15), Penicillium
(23) andMonascus(28) thatcauses̀yellow rice' (28). It causesalterationof aminoacids
uptake and their incorporationinto proteinby plant cotyledons(35), several cytological
abnormalities,including chromosomebreakage,polyploidy, anaphasebridge as well as
laggard of onion (30) and decreasedseedgermination(29). Many microorganisms
including Saccharomycescerevisiae(1), Lactobacillusspp. (12), andXanthomonascitri
(11) have beenusedto detoxify citrinin. Trichodermaspp. usedifferentmechanismsto
functionasbiocontrolagents,suchasantibiosis,lysis,competition,mycoparasitism,plant
growth promotion(9), andinactivationof toxin producedby plantpathogens(32).

This work was aimedat evaluatingthe naturaloccurrenceof citrinin in rice and its
associationwith the fungal �ora in Egypt. Additionally, biocontrolof citrinin production
on ricewasstudiedusingTrichodermahamatum.
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MATERIALS AND METHODS

Samplecollection Samples(29)of Egyptianpaddyrice (OryzasativaL.) wereobtained
from different governoratesin Egypt (El-Sharkia,El-Dakahlia, Kafr El-Shekhand El-
Gharbia)during the summerseasonof 2002. They werecollectedin sterile cellophane
bagsandheldat2� C until analyzedon thesamedayof collection.

Determination of moisturecontent Triplicatesof eachsampleweregroundin ablender
anda weighedportion of this �our wasdried in an oven for 24 h at 105� C, thencooled
in a desiccatorandreweighed.Themoisturecontentis expressedaspercentageof thewet
weight.

Enumeration of fungal �ora Thedilution platemethodof RaperandFennell(24) was
employed for isolating fungal �ora from rice samples.Czapek's Dox agar mediumwas
usedfor isolation(33). Rosebengal (33 � g ml� 1, w/vol) andstreptomycin(30 � g ml� 1,
w/vol) wereaddedasbacteriostaticagents.The plateswereincubatedat 28� 2� C for 10
daysandthedevelopingfungi werecountedandidenti�ed to thespecieslevel accordingto
keysproposedby Gilman(10). Thecountswereexpressedasnumberpergramdry grains.

Generalcultur econditionsfor citrinin production by isolatedfungi Theabovefungal
isolateswerescreenedfor citrinin productionby growing on glucose–ammoniumnitrate
salts broth (3). Erlenmeyer �asks (250 ml) containing 50 ml culture medium were
autoclaved,inoculatedwith oneagardisc(10mm)of eachfungal culture(7 daysold), and
incubatedfor 10 daysat 30� C understaticcultureconditions.At theendof theincubation
period,thecultureswere�ltered (WhatmanNo. 1 �lter paper)and�ltrates werestoredat
-5� C until usedfor citrinin estimationaccordingto TranthamandWilson (34).

Citrinin determination Theextractionandclean-upof citrinin werecarriedoutaccord-
ing toJacksonandCiegler(16). Fifty ml of culture�ltrate wasshakenwith anequalvolume
of chloroformfor 30 min. The chloroformlayer wasseparatedover a bedof anhydrous
sodiumsulfate. Clean-upwas carriedout using concentratedHCl and 0.1 M NaHCO3

(16).
A methodof Hald and Krogh (13) was usedfor chemicalcon�rmation of citrinin,

usinga freshlypreparedsolutionof pyridine : aceticanhydride (1:1 v/v). Thebiological
con�rmatory testswerecarriedoutusingtwo methods:
Disc screeningmethod(14): Paperdiscs(7 mm diam)weresaturatedwith 30 � l of clean
chloroformextractof citrinin, andthesolventwasallowed to evaporate.Thepaperdiscs
were incubatedwith two drops(� 0.1 ml) of suspensionof larvae (containing20 to 40
larvae) of brine shrimp (Artemia salina L.). Trays were incubatedat 30� C for � 16 h.
Mortality was determinedby countingthe immobile (dead)larvae undera stereoscopic
microscope,killing the larvaewith heator formalin, andthencountingthe total number.
Mortality in controlswas determinedsimultaneouslywith eachscreeningtest. Natural
mortality associatedwith a control disc (soaked in chloroformandallowed to evaporate)
averaged2%. Toxicity wasratedasfollows: 0–9%mortality, nontoxic;10–49%mortality,
slightly toxic; 50–89%mortality, toxic; 90–100%mortality, very toxic. Brine shrimp
larvaewereprovidedby Dr. MahmoudDosoky (ZoologyDepartment,Facultyof Science,
ZagazigUniversity, Zagazig,Egypt).
Discdiffusionassay(19): Bacillusbreviswasmaintainedontryptic soy agarplates(pH 7.3;
Difco Laboratories,Detroit, MI, USA). The cleanchloroformextractsof citrinin (20 � l)
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wereappliedto �lter paperdiscs(5 mm diam)dropwiseusinga micropipetteandallowed
to dry for 15min andthenevenlyplacedonthesurfaceof agarplates.Theplateswerethen
invertedandpreincubatedat 4� C for 2 h to allow uniform diffusion into the agar. After
preincubationthe plateswereincubatedfor 24 h at 28� C. The inhibition zonesarounda
paperdisc indicatedthe antimicrobialpotentialof citrinin againstthe testmicroorganism
(B.brevis). Thebiologicalindicatorbacteriumwasprovidedby MicrobiologicalResources
Center, Facultyof Agriculture,Ain-ShamsUniversity, Cairo,Egypt.

The quantitative determinationof citrinin wascarriedout �uorometrically according
to Tranthamand Wilson (34) using spectro�uorometerVarian model 330 with detector
(VarianAssociates,Houston,TX, USA). Theexcitationwavelengthof the�uorometerwas
330nmandtheemissionwavelengthwas500nm.

Ef�cacy of T. hamatum for controlling citrinin production In culture �asks: In
a preliminary test to study the ef�cacy of the antagonisticpotential of T. hamatum,
Erlenmeyer �asks (250 ml in capacity)containing50 ml Czapek's Dox broth culture
medium(33)wereinoculatedwith P. viridicatumaloneandre-inoculatedwith T. hamatum
(P. viridicatum + T. hamatum) at the sametime (zero time of incubation). Ten-mm-
diam discsof 7-day-oldcultureswereusedfor inoculation. The culturemedia(both P.
viridicatumaloneandP. viridicatum+ T. hamatum) wereincubatedfor 2, 4, 6, 8, 10, 12
and14days.At theendof theincubationperiod(30� 2� C,atstaticstate),thecultureswere
�ltered (WhatmanNo.1 �lter paper)andculture�ltrates wereusedfor citrinin estimation.
Control�asks (without re-inoculationwith T. hamatum) wereused.
In petri dishes: Mycelial disks(5 mmdiam)of P. viridicatumwereplacedononeedgeof a
petri dish(9 cm diam)containing15 ml of Czapek's Dox agar culturemedium(33) while
a mycelialdisc(5 mmdiam)of T. hamatumwasplacedon theoppositesideof theplateat
thesametime,zerotimeof incubation.Theplateswereincubatedfor 2, 4, 6, 8, 10,12and
14 days.At theendof theincubationperiod(30� 2 � C), theagar culturemediawereused
for citrinin estimation.

Ef�cacy of T. hamatumto degradethe mycotoxin citrinin Plateassay:Czapek'sDox
agarculturemedium(33),anon-�uorescentmediumunderultraviolet (UV) light, wasused
for the plateassay. Onemilliliter of citrinin (50 � g ml� 1 in chloroform)wasdispensed
into petri dishes,and15 ml of medium(55� C) wasaddedto eachpetri dish andmixed
evenly with citrinin solution(purecrystallinecitrinin wasobtainedfrom SigmaChemical
Co.,St. Louis, IL, USA). Lids of petri disheswereopenedpartially to enablechloroform
vaporto dissipate.After themediumhadsolidi�ed, plateswerepoint-inoculatedwith one
loopful of sporesuspensionof T. hamatum(106 sporeml� 1). Theplateswereincubatedat
30� 2� C andexaminedunderUV at one-dayintervals for up to oneweek. Plateswithout
inoculationwith T. hamatumwereusedascontrol.Lossof �uorescenceindicatedpossible
detoxi�cation.
Testtubeassay:Oneml of citrinin (50 � g ml� 1 in 0.1M NaHCO3) accordingto Jackson
andCiegler (16)wasaddedto 9 ml of Czapek'sDox brothculturemedium(33) inoculated
with one loopful of sporesuspensionof T. hamatum(106 sporeml� 1). Tubeswere
incubatedfor 96h at30� 2� C.At theendof theincubationperiod,thesampleswere�ltered
throughWhatmanNo.1 �lter paperand�ltrate wasextractedthreetimeswith chloroform,
after which the extract wasusedfor citrinin estimation�uorometrically. Tubeswithout
inoculationwith T. hamatumwereusedascontrol. Recovery of citrinin (%) = a � 100 /
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b, wherea = amountof citrinin (� g ml� 1) detectedin treatedtesttubeafter 0, 2, 4, 6, 8
and10 daysof incubationwith T. hamatum; b = amountof citrinin (50 � g ml� 1 in 0.1M
NaHCO3) in thetesttubeafter0, 2, 4, 6, 8 and10daysof incubationwithoutT. hamatum.

Overgrowth of P. viridicatum by T. hamatumin dual cultur e test A mycelialdisc (5
mmdiam)of P. viridicatumwasplacedononeedgeof apetri dish(9 cmdiam)containing
Czapek's Dox agar culturemedium(33), while a mycelialdiscof T. hamatumwasplaced
on the oppositesideof the plate. After the desiredincubationtime (72, 96, 120 h after
inoculation),theovergrowth of T. hamatumon themycelialdiscof P. viridicatumandits
developedgrowth wasdetermined(by ocellarandlight microscope)andexpressedasmm
growth of T. hamatumonP. viridicatumaccordingto SivanandChet(31).

Survival of P. viridicatum as affected by T. hamatum Survival of mycelium of P.
viridicatum wasdeterminedafter exposureto conidiaof T. hamatum. Mycelial disks (5
mm diam) wereremoved from a 72-h-oldcultureof P. viridicatum on wateragar (20 g
l � 1 distilled H2O). Disksweresoaked for 30 secin a conidial suspensionof T. hamatum
(106 conidiaml� 1) andincubatedin petri dishes,eachcontainingfour layersof Whatman
No.1 �lter paper. Mycelial diskstreatedwith autoclaved distilled H2O andincubatedas
describedabove served ascontrol. After the desiredincubationtime, mycelial disks of
P. viridicatum were transferredto PRYES medium(yeastextract sucroseagar plus 100
� g ml� 1 pentachloronitrobenzeneand25 � g ml� 1 rosebengal) which is suitablefor P.
viridicatum(7). Onemgmethyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate(benomyl)
/ l was addedto inhibit growth of T. hamatum(4). The resultswere expressedas the
percentageof mycelialdisksfrom wherethetestfungus(P. viridicatum) grew.

Preparation of hyphal cell wall of P. viridicatum Cell walls were obtainedfrom P.
viridicatum after cultureat 27� C for 5 daysin liquid potatodextrosebroth mediumin a
rotaryshaker at 120rpm. After incubation,thehyphalcell walls werepreparedaccording
to SivanandChet(31). Theprecipitatedwallswerethendeep-frozen,lyophilized,andkept
aspowderin asealedcontaineruntil used.

Induction of extracellular lytic enzymes(1,3-� -glucanaseand chitinase)by T. hama-
tum Erlenmeyer �asks (250 ml), each containing 50 ml liquid culture of glucose–
ammoniumnitrate salts broth medium (3), were inoculatedwith 1.0 ml of conidial
suspension(5� 107 conidiaml� 1) of T. hamatum. The glucosein liquid culturemedium
wassubstitutedwith fungal (P. viridicatum) cell wall preparation(2 mg ml� 1). Cultures
wereincubatedat28� C in arotaryshakerat120rpmfor thedesiredtime,thencentrifuged
at15,000xg at4� C for 10min. Thesupernatantwasdialyzedagainstwaterat4� C for 24h
to eliminateresidualglucoseor N-acetyl-D-glucoseamine.Thedialysatewasusedascrude
enzyme(1,3-� -glucanaseandchitinase)source.Suchenzymeswereassayedaccordingto
the following methods:(a) 1,3-� -glucanase:1,3-� -glucanase(exo-1,3-� -D-glucosidase,
EC 3.2.1.58) wasassayedby thereleaseof freeglucosefrom laminarinusingtheglucose
oxidasereagentaccordingto Eladet al. (4). Thereactionmixturecontaining1.0ml crude
enzymesource,1.0ml of 0.1M citratebuffer (pH 5.1)and1.6mg solublelaminarin,was
incubatedat38� C for 1 h. Thereactionwasstoppedby placingthemixturein boiling water
bathfor 10min. Speci�c activity wasexpressedas� mol glucoseh� 1 permgprotein.
(b) Chitinase: Chitinase(1,4-� -poly-N-acetyl-D-glucoseaminidase,EC 3.2.1.14)was
assayedby the releaseof N-acetyl-D-glucosaminefrom colloidal chitin accordingto
Reissiget al. (25). The reactionmixture containing1.0 ml crudeenzymesource,1.0
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ml of 0.1M citratebuffer (pH 5.1)and1.6mg colloidal chitin, wasincubatedat 38� C for
2 h andthereactionwasthenstoppedby boiling. Speci�c activity wasexpressedas� mol
N-acetyl-D-glucosamineh� 1 permgprotein.Proteinestimationwascarriedoutaccording
to Lowry etal. (18).

Storage experiment Conidia of T. hamatumwere harvestedfrom culturesgrown on
potatodextroseagar mediumby scrapingtheconidiafrom theagarsurfaceswith a spatula
andsuspendingthemin 0.05%Tween20 (v/v). Thesuspensionwas�ltered throughfour
layersof sterilelenspaperto removehyphaldebris.Theconidialsuspensionwasadjusted
to 5 � 109 conidiaml� 1 and0.5ml of this suspensionwasusedto coat50 g of rice grains
(cv. `Giza-176',obtainedfrom theAgricultureResearchCenter, Giza,Egypt). Thecoated
grainswere immediatelydried by warm ventilation. A storageexperimentwas carried
out in paperpouches(150 � 100mm), eachcontaining50 g rice grains. The rice grains
wereinoculatedby discs(10 mm diam)of a 7-day-oldcultureof P. viridicatum(onedisc
per pouch). The samples(rice grain without any treatment[control], rice grainswith P.
viridicatum alone,rice grainswith both P. viridicatum andT. hamatum, andrice grains
with T. hamatumalone)werestoredat roomtemperature(25� 3� C) for 6 months.Control
sampleswereusedfor eachtreatment.

RESULTSAND DISCUSSION

In thepresentwork, 30 rice sampleswereanalyzed.Tenof the30sampleswerefound
to becontaminatedwith citrinin (Table1). Similarly, in Egypt,39.40%of 274ricesamples
werecontaminatedwith citrinin (6). In theUnitedKingdom,26of 44cerealsampleswere
contaminatedwith citrinin (26). Martinset al. (20) foundthat the level of contamination
of applesampleswith citrinin was3.9%.Thericegrainsaresubjectto attackby numerous
citrinin-producingspeciesof thegeneraAspergillus andPenicillium(8).

TABLE 1. Natural occurrence of citrinin in rice grain samples collected from different locations in
Egypt

Location
(Governorate)

No. of samples
collected

No. of samples
with citrinin

Citrinin
(µg 50g−1 ricegrains)

El-Dakahlia 6 2 0.813;0.987
El-Gharbaia 5 1 0.274
El-Sharkia 8 3 0.137;0.635;1.427
Kafr El-Shekh 10 4 1.068;0.643;0.223;0.291
Total 30 10

Moisturecontentof ricesamplesrangedbetween1.2%and5.2%,andin themajority of sampleswas� 3%.

Total fungal count (Table 2) was 6.79� 104 viable conidia or sporesper gram rice.
Table2showsthatthemostpredominantgenuswasAspergillus (63%of fungal totalcount),
followedby Penicilliumspp.(12.88%of fungal totalcount).Aspergilli wererepresentedby
22species.A. niger, A. �avus, A. fumigatus, A. terreusandA. sydowiihadthehighestratio
of occurrence,accountingfor 27.63%,7.80%,12.50%,3.68%and3.22%,respectively,
comparedwith theotherisolatedAspergillus spp.Aspergillus niger andA. �avus outof 74
fungal speciesshowedthehighestoccurrence,in 24casesof the50trialsusedfor isolation.
Fourteenfungal genera,namely, Aspergillus fumigatus, A. terreus, A.sydowii, A. �avus var.
columnaris, A. candidus, A. parasiticus, Cladosporiumcladosporioides, C. herbarum,
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TABLE 2. Total (calculated per g wet weight of rice grains in every sample) and percentage counts,
number of isolations, and occurrence remarks of fungal genera recovered from 30 grain samples
tested on glucose–Czapek’s agar medium at 28±2◦C

Fungal species Total
count

% of total
fungi

Casesof
isolation(no.)

Occurrencez

Total count: 67896
Acremonium 80 0.12
A. strictumW. Gams 80 0.12 3 R
Aspergillus 42765 62.99
A. niger v. Tieghem 18761 27.63 42 H
A. �avus Link: Fr. 5294 7.79 37 H
A. fumigatusFresen. 8465 12.47 14 M
A. terreusThom 2501 3.68 23 M
A. sydowii(Bain& Sart.)Thom& Church 2186 3.22 17 M
A. �avus var. columnarisRaper& Fennell 397 0.58 14 M
A. candidusLink 1025 1.51 14 M
A. parasiticusSpear 1062 1.56 13 M
A. versicolor (Vuill.) Tiraboschi 586 0.86 7 L
A. nidulansvar. latusThom& Raper 326 0.48 6 L
A.ustus(Bain.) Thom& Church 214 0.31 4 R
A. chevalier (Mangin)Thom& Church 397 0.58 4 R
A. clavatusDesmazieres 192 0.28 4 R
A. ochraceusWilhelm 210 0.31 11 R
A. quadrilineatusThom& Raper 187 0.27 4 R
A. nidulans(Eidam)Wint. 182 0.27 3 R
A. niveusBlochwitz 115 0.17 3 R
A. wentiiWehmer 162 0.24 3 R
A. carneus(v. Tiegh.) Blochwitz 140 0.21 2 R
A. rugulosusThom& Raper 72 0.11 1 R
A. sulphureus(Fres.)Thom& Church 56 0.08 2 R
A. melleusYukawa 207 0.30 1 R
A. terricola Marchal 28 0.04 1 R
Botryotrichum 142 0.21
B. piluliferumSacc.& Marchal 142 0.21 3 R
Chaetomium 166 0.24
C. globosumKunzeex Fries 72 0.11 2 R
C. olivaceumCooke & Ellis 94 0.14 3 R
Circinella 276 0.41
C. muscae(Sorokin)Berl. & DeToni 276 0.41 1 R
Cladosporium 9447 13.91
C. cladosporioides(Fres.)deVries 3720 5.48 15 M
C. herbarum(Pers.)Link ex. Fr. 2082 3.07 10 M
C. sphaerospermumPenzig 3645 5.36 12 M
Cunninghamella 87 0.13
C. echinulata(Thaxt.)Thaxt.ex 87 0.13 1 R
Blakeslee

Curvularia 167 0.25
C. pallescensBoedijn 127 0.19 1 R
C. lunata(Wakker) Boedijn 40 0.06 2 R
Epicoccum 62 0.09
E. purpurascensEhrenb. ex Schlecht. 62 0.09 1 R
Fusarium 2527 3.72
F. oxysporumSchlecht.ex Fr. 1587 2.34 22 M
F. solani(Mart.) Sacc. 426 0.63 18 M
F. semitectumBerk. & Rav. 48 0.07 7 L
F. moniliformevar. anthophilum 67 0.10 2 R
(A. Braum)
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Table2. Cont'd.
Fungal species Total

count
% of total
fungi

Casesof
isolation(no.)

Occurrencez

F. moniliformeSheldon 317 0.47 1 R
F. equiseti(Corda)Sacc. 82 0.12 1 R
Fusidium 30 0.04
F. viride Grove 30 0.04 1 R
Humicola 281 0.41
H. griseaTraaen 281 0.41 1 R
Mucor 202 0.30
M. racemosusFresen. 127 0.19 5 R
M. hiemalisWehmer 75 0.11 5 R
Myrothecium 247 0.37
M. verrucaria(Alb. & Schwein.)Ditmar 247 0.37 1 R
Neurospora 124 0.18
N. crassaShear& Dodge 124 0.18 1 R
Paecilomyces 312 0.46
P. variotti Bainier 312 0.46 6 R
Penicillium 8743 12.88
P. chrysogenumThom 1847 2.72 13 M
P. corylophilumDierckx 1081 1.60 17 M
P. cyclopiumWestling 1207 1.78 8 L
P. nigricans(Bainier)Thom 321 0.47 7 L
P. capsulatumRaper& Fennell 654 0.96 6 L
P. oxalicumCurrie& Thom 811 1.19 5 R
P. waksmaniiZaleski 317 0.47 5 R
P. steckii Zaleski 252 0.37 4 R
P. rugulosumThom 64 0.09 1 R
P. purpurogenumStoll 60 0.09 1 R
P. citrinumThom 37 0.05 3 R
P. albidumSopp 286 0.42 3 R
P. variabileSopp 267 0.39 2 R
P. stoloniferumThom 265 0.39 3 R
P. viridicatumWestling 1274 1.88 7 L
Pyricularia 1207 1.78
P. oryzaeBriosi & Cavara 1207 1.78 10 M
Scopulariopsis 210 0.31
S.brevicoulis(Sacc.)Bainier 210 0.31 4 R
Sepedonium 132 0.20
S.chrysospermum(Bull.) Fr. 132 0.20 2 R
Sordaria 27 0.04
S.�micola (Robergeex Desm.)Ces.& 27 0.04 1 R
DeNot.

Stachybotrys 27 0.04
S.chartarum(Ehrenb. ex Link) Hughes 27 0.04 1 R
Stemphylium 87 0.13
S.botryosumWall. 87 0.13 2 R
Syncephalastrum 164 0.24
S.racemosumCohnex J.Schroet. 164 0.24 1 R
Trichoderma 172 0.25
T. viride Pers. 172 0.25 5 R
Trichothecium 30 0.04
T. roseum(Pers.)Link 30 0.04 1 R
Trimmatostroma 42 0.06
T. salicisCorda 42 0.06 1 R
Sterilemycelium(whitecolor) 140 0.21 2 R

zOut of 30 samples:H = High occurrence,>24 cases. M = Moderateoccurrence,12–24cases. L = Low
occurrence,6–11cases.R = Rareoccurrence,<6 cases.
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C. sphaerospermum, Fusarium oxysporum, F. solani, Pyricularia oryza, Penicillium
chrysogenumandP. corylophilumshowedmoderateoccurrence.Theotherfungal species
rangedbetweenlow and rare occurrence. In this connection,Kozakiewicz et al. (17)
reportedthepredominanceof Aspergillus andPenicilliumspeciesin riceandcerealgrains.
Frisvad and Damson(8) reportedthat several speciesof Aspergillus and Penicillium
comprisedmainly the storagemolds in cereals. Also, Shetty et al. (27) found that
Aspergillus, Penicillium, FusariumandAlternariawerethemostimportantmycotoxigenic
fungi isolatedfrom rice,sorghumandgroundnuts.

The isolatedfungi were screenedfor their productionof citrinin to selectthe most
productive (datanot presented).Themostproductive onewasP. viridicatum, which was
selectedin this studyasa goodmodelfor seedbornepathogen-producedcitrinin. Citrinin
(extractedfrom culture mediumof P. viridicatum) was con�rmed chemically(it shows
sky blue �uorescencewith a similar intensityunder366 and254 nm UV light). Also, a
discscreeningtestshowscitrinin slightly toxic againstbrineshrimplarvae,producing40%
mortality. Morever, inhibition of growth of Bacillusbrevis (resultsnot shown) con�rmed
(in additionto achemicaltest)thepresenceof citrinin in thecleanedchloroformextractof
culturemediaof P. viridicatum. These�ndings demonstratedtheproductionof citrinin by
ourmodel,P. viridicatum, asshown elsewhere(23).

Table 3 shows that the productionof citrinin by P. viridicatum (in single culture
without T. hamatum) increasedwith lengtheningof the incubationperioduntil it reached
a maximum after 8 days in both liquid broth and agar plates, then the amountswere
reducedby an increasedincubationperiod. However, the amountsof citrinin produced
by P. viridicatum, in mixed culturewith T. hamatum, decreasedwith longer incubation
periodsuntil citrinin disappearedafter 8 daysof incubation,indicating an antagonistic
potential of T. hamatumagainst citrinin production by P. viridicatum or degradation
ability of T. hamatum. Trichodermaspp. are consideredeffective biocontrol agents
(5,29,31). Many microorganisms,including bacteria,actinomycetes,yeasts,molds and
algae, can degrademycotoxins(22). SomeTrichodermaspp., such as T. viride, are
able to degradethe mycotoxinsproducedby plant pathogenicfungi (32). On the other
hand, Table 4 shows that the amountof citrinin was non-signi�cantly reducedin the
presenceof T. hamatumwith longer incubation periods, indicating that T. hamatum
cannotdegradecitrinin. Consequently, we studiedanotheralternative mechanismused
here,mycoparasitismby meansof productionof cell-wall-degradingenzymes(chitinase
and1,3-� -glucanase).Trichodermaspp. have differentmechanisms,suchasantibiosis,
competition,mycoparasitismandpromotionof plantgrowth (9).

The overgrowth of T. hamatumon P. viridicatum wassigni�cantly enhancedwith an
extendedincubationperiodon agar plates,being26.0,31.7and3.87mm after incubation
for 72,96and120h, respectively. Similar resultswereobtainedwhenT. harzianumT-203,
themycoparasiteof R. solaniandS.rolfsii, servedastheantagonist(31). Table5 shows
thatincubationof P. viridicatumdiscswith T. hamatumconidia(106 conidiaml� 1) caused
signi�cant andhighly signi�cant decreases,respectively, in theviability of P. viridicatum
discsafter2 and6 days,andnoviability at all after8 daysof incubation.Theseresultsare
in agreementwith �ndings by SivanandChet(31).

Chitinaseand 1,3-� -glucanaseenzymeactivities of T. hamatumon P. viridicatum
myceliawereincreasedby lengtheningthe incubationperioduntil it reacheda maximum
after72 and48 h, respectively, in caseof chitinaseandgluconase,afterwhich remarkable
decreaseswereobtainedwith longer incubationperiods(Table 6). Similar resultswere
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TABLE 3. Effect of incubation with Trichoderma hamatum (T.h.) on citrinin production by
Penicillium viridicatum (P.v.) at different incubation periods in two media

Incubationperiod
(days)

Fungal
interaction

Citrinin productionin:

Brothmedium
(µg 50ml−1)

Solidmedium
(µg plate−1)

2 P.v. 42.20 11.03
P.v. + T.h. 19.23 8.01

4 P.v. 67.29 12.67
P.v. + T.h. 8.91 4.85

6 P.v. 104.95 16.54
P.v. + T.h. 6.09 2.62

8 P.v. 146.05 14.65
P.v. + T.h. 0 0

10 P.v. 136.84 10.99
0 0

P.v. + T.h.

12 P.v. 128.46 7.56
0 0

P.v. + T.h.

14 P.v. 126.7 5.61
P.v. + T.h. 0 0

L.S.D.at: 0.05 8.15 6.45
0.01 13.70 9.08

TABLE 4. Changes in citrinin concentration (percent recoveryz) in culture of Trichoderma hamatum
after different incubation periods

Incubationperiod(days) Recoveryof citrinin (%)
0 100

2 98.3
4 91.7
6 93.3
8 88.0

10 85.7
L.S.D.at: 0.05 15.7

0.01 22.3
zRecovery (%) = a � 100/b,wherea = amountof citrinin (µg ml−1) detectedin treatedtesttubeafter0, 2, 4, 6,
8 and10daysof incubationwith T. hamatum: b = amountof citrinin (50µg ml−1 in 0.1M NaHCO3) in thetest
tubeafter0, 2, 4, 6, 8 and10 daysof incubationwithoutT. hamatum

obtainedwith T. harzianumT-203straingrown in mediaamendedwith hyphalcell walls
of F. oxysporumf.sp.melonisasthesolecarbonsource,themaximalinductionof chitinase
andgluconasebeingobtainedafter72 and48 h incubation,respectively (31). Theresults
givenhere(Tables5 and6) con�rmed themycoparasiticpotentialof our biocontrolagent,
T. hamatum,andits ability to degradecell walls of seedborneP. viridicatum.

Table7 shows that T. hamatumreducedthe amountof citrinin by P. viridicatum on
rice grains(mixedcultures).Sucha decreasein citrinin productiondueto thepresenceof
T. hamatumin mixed culturewasdirectly proportionalto the gradualincreaseof storage
periodsby 45.50%,66.38%,100.30%,146.80%,150.00%and175.63%comparedwith
the respective amountsof rice samplesinoculatedwith P. viridicatum aloneat 1, 2, 3, 4,
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TABLE 5. Survival of mycelial disks of Penicillium viridicatum after treatment with conidia of
Trichoderma hamatum (106 conidia ml−1)

Incubationperiod(days) Viability of mycelialdisks(%)
2 100
4 83.3
6 7.0
8 0
L.S.D.at: 0.05 12.65

0.01 27.34

TABLE 6. Specific activity of chitinase and 1,3-βglucanase produced by Trichoderma hamatum
during growth on liquid medium containing cell walls of Penicillium viridicatum (2 mg ml−1) as sole
carbon source

Incubationtime (h) Chitinase
(µmol glucoseamine
h−1 / mgprotein)

1,3-β-glucanase(µmol
glucoseh−1 / mgprotein)

12 5.57 19.63
24 12.13 46.03
36 19.73 100.13
48 32.57 184.00
60 36.53 176.67
72 41.17 122.20
84 29.47 128.20
96 18.50 53.13
L.S.D.at: 0.05 1.45 9.27

0.01 4.26 12.59

5 and6 months,respectively. The decreasein theamountof citrinin on rice grainsby T.
hamatum(Table7) maybedueto a drop in theviability of P. viridicatum(Table5), and
lysis by cell wall lytic enzymes(Table6). In this connection,Mishraet al. (21) reported
thatT. harzianumis known asa mycoparasiteof a numberof plantpathogensby lysis of
fungal cell walls via productionof cell-wall-degradingenzymes.Otherbiocontrolagents
wereusedagainstmycotoxins,suchasPichia anomalaJ 121,which inhibitedthegrowth
andtoxin of Penicilliumroquefortiin moistgrains(2).

The ability to protectrice grainsagainstseedborneP. viridicatum andits mycotoxin
citrinin by applicationof T. hamatumproducingcell wall lytic enzymes(chitinaseand
1,3-� -glucanase)opensup the way for the developmentof cell wall lytic enzymesasan

TABLE 7. Effect of different storage periods on citrinin production (µg 50 g−1 rice grains) by
Penicillium viridicatum (P.v.) on rice grains in the presence and absence of Trichoderma hamatum
(T.h.)

Treatment Citrinin production(µg 50 g−1 rice grains)on ricegrains
Storageperiod(months)

1 2 3 4 5 6
Ricegrains(control) 0 0 0 0 0 0
Ricegrains+ P.v. 1.50 2.23 2.67 3.17 3.26 3.40
Ricegrains+ T.h. + P.v. 0.58 0.67 0.84 0.96 1.01 1.03
Ricegrains+ T.h. 0 0 0 0 0 0
L.S.D.at:
0.05 0.97 1.42 1.79 2.01 2.13 2.21
0.01 1.07 1.67 2.07 2.62 2.98 3.06
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alternativeto directcontrolof seedborneplantpathogenicfungi andpossiblyotherdiseases
affectingplanthealth.
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